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Chapter 1. Introduction
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1.1. Synopsis of SMOKE

The environmental community has devel oped advanced numerical air quality models (AQMs) to understand
theinteractions among meteorol ogy, emissions (both manmade and biogenic), and pollutant chemistry and
dynamics. Emissions data from emissions models and regulatory inventories are one of the most important
inputs for these air quality models. Scientists use air quality modeling for anumber of purposes: for state
and federal implementation plan development, for research on improved modeling methods, and most re-
cently for air quality forecasting. In al of these cases, the trend has been to model larger regions, at afiner
grid resolution, with more emissions sources, and for more purposes (e.g., 0zone, particulates, toxics).
These needs require a computationally efficient, user-friendly, and flexible emissions data processing
system.

The MCNC Environmental Modeling Center (EMC) created the Sparse Matrix Operator Kernel Emissions
(SMOKE) Modeling System to allow emissions data processing methods to integrate high-performance-
computing (HPC) sparse-matrix algorithms. The SMOKE system is a significant addition to the available
resourcesfor decision-making about emissions controlsfor both urban and regional applications. It provides
amechanism for preparing specialized inputs for air quality modeling research, and it makes air quality
forecasting possible. The SMOKE system continues to develop and improve at the University of North
Carolinaat Chapel Hill's Carolina Environmental Program (CEP).

The SMOKE prototype, available since 1996, was an effective tool for emissions processing in a number
of regional air quality modeling applications. In 1998 and 1999, SM OKE was redesigned and improved
with the support of the U.S. Environmental Protection Agency (EPA), for use with EPA’'s Models-3 Air
Quality Modeling System [http://www.epa.gov/asmdnerl/model s3/]. The primary purposes of the first
SMOKE redesign were support of (1) emissions processing with user-selected chemical mechanisms (de-
scribed in moredetail in Section 2.11, “Chemical speciation processing” [80]) and (2) emissions processing
for reactivity assessments (described in Section 2.14.3, “ Creating the reactivity control matrix” [93]). In
2002, SMOKE was enhanced to support driving the MOBILE6 model used to create on-road maobile
emission factors and to support on-road and nonroad mobile toxics inventories, resulting in SMOKE v1.5.
In 2003, SMOKE v2.0 was created to include all toxic inventories, including point and nonpoint (stationary
sources reported at the county level) sources. SMOKE v2.1, released in 2004, included updated versions
of the BEIS3 and MOBILE6.2 models, the ahility to use humidity data when processing on-road mobile
sourceswith MOBILES6, and support for polar stereographic output grids. In 2009, SMOKE v2.6 enhanced
the processing of fire data, streamlined the processing for CAMx, REM SAD, and UAM models, and added
anew approach to processing CEM data. The newest release of SMOKE, SMOKE v2.7 includes the
SMOKE portions of the SMOKE-MOVES Integration tool. For information about how to perform the
MOVES Model Processing, please refer to the SMOKE-MOVES Integration Tool Manual href="ht-
tp:/ivww.smoke-model .org/smoke_moves_tool/SMOKE-MOVES Tool_Users Guide.htm”. The SMOKE
test case has also been updated to include the SMOKE-MOVES Integration Tool test cases.
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1.2. SMOKE Users

SMOKE can process criteria gaseous pollutants such as carbon monoxide (CO), nitrogen oxides (NO,),
volatile organic compounds (VOC), ammonia(NH5), sulfur dioxide (SO,); particulate matter (PM) pollutants
such as PM 2.5 microns or less (PM5 5) and PM less than 10 microns (PM q); aswell as alarge array of
toxic pollutants, such as mercury, cadmium, benzene, and formaldehyde. In fact, SMOKE hasno limitation
regarding the number or types of pollutantsit can process.

The purpose of SMOKE (or any emissions processor) isto convert the resol ution of the emission inventory
datato the resolution needed by an air quality model. Emission inventories are typically available with an
annual-total emissions value for each emissions source, or perhaps with an average-day emissions value.
The AQMs, however, typically require emissions data on an hourly basis, for each model grid cell (and
perhaps model layer), and for each model species. (Refer to Appendix A. Glossary [521] for definitions of
these terms.) Consequently, emissions processing involves transforming an emission inventory through
temporal allocation, chemical speciation, and spatial allocation, to achieve the input requirements of the
AQM.

Currently, SMOKE supports area-, mobile-, and point-source emissions processing and also includes bio-
genic emissions modeling through both a rewrite of the Biogenic Emission Inventory System, version 2
(BEIS2) and the BEIS3 system. SMOKE can process both criteria and toxic emissions data inventories.
The terminology of source categories used by inventory developersis often different from that used in
SMOKE. Thelist below clarifies how various inventory source categories map to the SMOKE source
categories described in this manual.

e SMOKE “area’ sources

e Criteriastationary area sources

» Toxics nonpoint sources

» Criteriaand toxics nonroad mobile sources
SMOKE “mobile” sources

» Criteriaand toxics on-road mobile sources
e SMOKE “point” sources

« Criteriaand toxics point sources

1.2. SMOKE Users

Possible SMOKE users are individual s who need to prepare emission input files for one of the following
air quality models:

*  Community Multiscale Air Quality (CMAQ) modeling system

* Multiscale Air Quality Simulation Platform (MAQSIP)

* Regulatory Modeling System for Aerosols and Deposition (REMSAD)
» Comprehensive Air Quality Model, with Extensions (CAMy)

» Urban Airshed Moddl, version 4 (UAM-IV)

* Urban Airshed Model, Variable grid (UAM-V)

We anticipate that the typical SMOKE user will have some combination of the following experience and
needs:

Those knowledgeabl e about emission inventories.

Those with UNIX experience (including Linux).

Those with little or no emissions modeling background.

Those who are somewhat familiar with grid-based air quality models and their emissionsinput needs.
Persons with emission inventories in hand who need to process the data for input to an AQM.

EPA personnel who want to create emission inputs for research or regulatory efforts with AQMs.
State environmental personnel who want to create emission inputs to AQMs for regulatory efforts,
including State Implementation Plans (SIPs).

Noak~wdE




1.3. SMOKE Features

8. Those wishing to generate an on-road mobile inventory using MOBILE6 and the Pennsylvania State
University/National Center for Atmospheric Research fifth-generation Mesoscale Model (MM5)
gridded, hourly meteorology data.

SMOKE users who have previous UNIX experience can expect to run SMOKE more easily than users

who must learn both UNIX and SMOKE. Thisis because the standard way to run SMOKE isfrom UNIX
scripts. SMOKE can also be run through the Multimedia I ntegrated Modeling System (MIMS) framework,
though instructions for doing so are not included here. More information on using MIMS can be found at
the MIM S Framework Download [http://www.epa.gov/asmdnerl/mims/software/rel ease/fw_release.html]

page.

1.3. SMOKE Features

SMOKE is primarily an emissions processing system and not an emission inventory preparation system.
Thismeans that its main purpose isto provide an efficient tool for converting emission inventory datainto
theformatted emission input files required by an AQM. However, for mobile and biogenic sources, SMOKE
does offer emission inventory preparation functions. For mobile sources, SMOKE computes an emission
inventory from mobile-source activity data, using emission factors from the MOBILE6 model. Previous
versions of SMOKE (version 1.4 and below) supported the MOBILE5b model. For biogenic sources,
SMOKE includes both the BEI S2 and BEI S3 model sfor computation of hour-specific, meteorol ogy-based
biogenic emissions from vegetation and soils.

The SMOKE modeling system can be run using either of two approaches. The most common method is
through the use of UNIX scripts, which includes the Linux versions of the UNIX operating system. The
second approach isto run SMOKE using the MIM Sinterface [ http://www.epa.gov/asmdnerl/mims/], which
is a general-purpose graphical user interface (GUI).

Below, we summarize the major features of SMOKE v2.7.

» Maeteorological data preprocessor - M et4moves prepares temperature and relative humidity data for
use by both MOVES and Smkinven

*  SMOKE Model processing - Movesmrg is a new, mobile-sources-only program that uses MOVES
emission rate tablesto compute the emissions on the fly, by multiplying the emissionsfactors by hourly
VMT or by annua vehicle populations.

Below, we summarize the major features of SMOKE v2.6.

»  Smkinven supports new extended EM S-95 point hourly fomrat to enhance the precision of low emissions
values. The origina EMS-95 format has 7 columns available for the emissions ivalues instead of the
12 columns.

* Smkinven has an option to integrate or non-integrate all criteriaVOCs and hazardous air pollutants
(HAPs) without additional NHAPEXCLUDE file. NHAPEXCLUDE fileis only required when user
partially combines CAPVOCs and HAPs inventories together.

e Spcmat supports source-level tagging functionality by SCC/Plantl D/IMACT/SIC and state/county using
new GSTAG (Speciation Tagging cross-reference) file.

* Smkreport creates areport by the status of integration of sources that combines criteriaVOCs and
HAPsinventoriesusing "BY INTEGRATE".

» Layallocalowsusersto vertically redistribute 2-D emissionsinto multiple modlelayers after SMOKE
has already created surface layer model-ready inputs.
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1.3. SMOKE Features

Below, we summarize the major features of SMOKE v2.5.

Supportsin-line plume rise calculation in CMAQ version 4.7 to reduce the size of "traditiona” 3-D
model-reday input files generated by off-line plume rise calculation in SMOKE.

Thelatest Biogenic Emission | nventory System (BEIS) model version 3.14 isintegrated to the SMOKE
v2.5 including the sesquiterpene emission factorsin NORM BI E3 and the estimation of sesquiterpene
emissionsin TMPBEI S3 including 34 species/compounds based upon BEIS 3.13 integrated with
SMOKE v2.4.

Below, we summarize the major features of SMOKE v2.4.

Thelatest Biogenic Emission Inventory System (BEIS) model version 3.13 isintegrated to the SMOKE
v2.4 for generating gridded, hourly emissionsin aformat consistent for air quality modeling. BEIS
3.13 revises the parameterizations that account for the effects of |eaf temperature and solar radiation
on emissions.

Compatible with the Federal Aviation Administration (FAA)'s Emission Modeling and Dispersion
Modeling System (EDMS) used to estimate emissionsfrom airports. A new utility program EDM S2I nv
creates SMOK E-ready inventory from EDM S outpuit.

Enhancement on combining aggregated criteriaVOC and hazardous air pollutant (HAP) inventories
were made throughout the SMOKE.

The updated Smkinven can optionally support upto 16 character sizefor the Chemical Abstracts Services
(CAS) code, a'so known asthe pollutant code, to allow for all HAPswhich have morethan 5 characters
for the pollutant name in day-specific (PTDAY') and hour-specific (PFTHOUR) emission inventories.

Support fully extended ORL format for Smkinven and Grwinven.

Below, we also summarize the major features from the previous SMOKE v2.3 release.

Supports new wild and Rx firesemission inventory in new ORL -formatted inventories. Thefireemissions
are either estimated by the EPM/CONSUME model in the Bluesky modeling framework or they come
from the 2002 NEI.

Supports the extended ORL format. It accepts source type codes for area, nonroad mobile and onroad
mobile sources, as well as ORIS and boiler identification codes for point sources.

Supports new CEM format with additional variablesincluding flow rate for the boiler unit, and pollutant
status flags ( measured/substituted/not used ).

Allows multiple plant descriptions and FIPS codes for an ORIS ID when matching hourly point data
to annual dataand also supports matching hourly point source datato annual datain either IDA or ORL
format.

Supports 16 charactersfor the CAS code, also known as the pollutant code, to allow criteria pollutants
to be input using the ORL format.

Treats duplicate sources as separate sources with awarning message instead of dropping the emission.

Supports only new | NVTABLE format that has emissions MODE in a new column after the SMOKE
NAME. These columns will be used together to create the internal SMOKE name.

Improves the SMKI NVEN_FORMULA option to support multiple formula.




1.3. SMOKE Features

Outputs ORL -formatted file asamore condensed format in commadelimited format with quotes around
al string fields.

Supports an optional special header in GSPRO file that defines the meaning of NONHAPVOC to
support of combining criteriaand toxic VOC using the NONHAPVOC calculation feature of SMOKE.

Supports both new and old GSCNV file. New GSCNV file includes additonal infomation, such as name
of pollutant or emission types converting from and to.

Accepts source type codes of 03 and 04 for nonroad and onroad mobile respectively, and accept twelve
new casesin the projection packet for plant-specific source matching. Fixed a bug in the plant-specific
cross reference assignment.

Read in surrogates from either one file or multiple files and now requires the SRGDESC file. Asa
result of this update, Grdmat requires far less memory to run than it did in previous versions.

Perform multiple non-sequential processing dates.

Re-normalize the assigned temporal profile based on the duration of fires.

Below, we also list the major features from the previous release SMOKE v2.2.

Supports Inventory DataAnalyzer (IDA) formats, Emissions Modeling System, ‘95 (EM S-95) format,
and a SMOKE one-record-per-line (ORL) format. The criteriaand PM National Emissions Inventory
(NEI) data are most readily converted to the IDA formats or ORL format. The toxics inventory must
be converted to the ORL format.

Supports both gridded and county-total land use for biogenic emissions modeling.
Includes the BEIS2 or BEIS3 system (and the user can choose which he or she wants).

Includes adriver for MOBILES runs and features to improve run time when using MOBILEG for large
domains and long time periods (can support annual, national runs using MOBILESG).

Multicountry capability, up to 10 countries.

Lower disk space requirements over other emissions processing software for the same level of detail
in the emissions.

Any pollutant can be processed by the system.

Any chemical mechanism can be used to partition pollutantsto model species, aslong asthe appropriate
input data are supplied.

Supports Lambert conformal, lat-lon, UTM, and polar stereographic output grid projections with any
number of grid cells.

Control strategies can include changesin the reactivity of emitted pollutants. Thisisuseful, for example,
when a solvent is changed in an industrial process.

Run-time memory allocation, eliminating any need to recompile the source code for different inventories,
grids, or chemical mechanisms.

No third-party software is required to run SMOKE, although some input file preparation, such as
gridded land use or spatial allocation surrogates, does require other software.

Supports plumein grid (PinG) processing.




1.4. How to Use this Manua

Integrated use of Continuous Emissions Monitoring (CEM) data, an hour-specific dataset of emissions
from electric generating facilities. Also supports other day-specific and hour-specific point-source data.

Supports hour-specific point-source stack parameters (exit temperature, exit velocity, and exit flow
rate).

Supports externally computed hourly plume rise (used for processing wildfires as point sources with
adifferent plume rise algorithm than is available in SMOKE).

Supports emissions data input formats for the following AQMs and chemical mechanisms:

e Community Multiscale Air Quality (CMAQ) model: part of the Models-3 system. SMOKE v2.0
and later supports a research toxics version of CMAQ for non-point (stationary area) sources,
nonroad mobile sources, on-road mobile sources, point sources, and biogenic sources.

e Multiscale Air Quality Simulation Platform (MAQSIP): for both standard and real-time air quality
modeling. Also MAQSIP-PM as an alternative system for modeling regional haze.

* Regulatory Modeling System for Aerosols and Deposition (REMSAD)
e Comprehensive Air Quality Model, with Extensions (CAM)

« Urban Airshed Model (UAM), versions |V and V

1.4. How to Use this Manual

This document is the most complete reference available on SMOKE. It is available both asa set of HTML
pages and PDF document (including page numbers) at http://www.cep.unc.edu/empd/products/smoke/ver-
sion2.4/.

Given below are typical activities for which users need this manual, and the resources available to meet
those needs.

Install SMOKE: Installation instructions are available in Chapter 12, Downloading, Installing, and
Compiling SMOKE [515]. To register and download SMOKE, visit the CMAS Model Clearinghouse
[http://Aww.cmascenter.org/html/model s.html].

Compile SMOKE: Section 12.4, “Compiling SMOKE for UNIX" [516] providesinstructions for
compiling SMOKE for platforms other than the default ones supported by the CMAS Center.

Run SMOKE test case: Section 4.4, “Running the nctox test case” [148] provides instructions for
running the test case provided with SMOKE.

Set up and run SMOKE for new inventory, grid, episode, etc.: Section 4.5, “How to use
SMOKE" [149] includesinstructions on how users can set up SMOKE for their own cases. The SMOKE
classroom training [http://www.cmascenter.org/html/classes SMOKE.html] available through the
CMAS Center covers these topicsin more detail.

Prepareinput files: Most SMOKE input files are ASCII files that can be prepared using database
programs or other tools. Descriptions of all input file formats are found in Chapter 8, SMOKE | nput
Files [365]. Users may obtain input data files (perhaps not in SMOKE input format) from EPA web
sites, such as the Clearinghouse for Inventories and Emission Factors (CHIEF) web site
[http:/Avww.epa.gov/ttn/chief/emch/].
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1.4. How to Use this Manua

e Decidehow toassign settingsin run scripts: In Chapter 4, Using SMIOKE Scripts[139], we cover the
SMOKE scripts and how to use them. The settings are assigned via environment variables, which are
explained in general termsin Section 2.2, “Assigns file and environment variables’ [10]. Any settings
used to control the scripts (not the programs) are described in Section 4.3.4, “ Script settings’ [143]. The
settingsthat are evaluated by SMOKE programs and directly affect their behavior are further explained
in Chapter 5, SMOKE Utility Programs[207], Chapter 6, SMOKE Core Programs[225], and Chapter 7,
SMOKE Quiality Assurance [327].

* Check that SMOKE hasrun properly: Section 7.5, “Quality Assurance Methods’ [356] includes a
list of stepsregarding how to verify that SMOKE has run properly. Thischapter also includesinstructions
on running the quality assurance (QA) features of SM OK E and documentation on the reporting control
file (Section 7.3, “REPCONFI Glnput File” [330]) needed for configuring different types of reportsfor
quality assurance.

» Understand the operationsthat SMOKE is performing: Any available technical documentation
regarding SMOKE operationsis provided in Chapter 5, SMOKE Utility Programs [207], Chapter 6,
SMOKE CorePrograms[225], and Chapter 7, SMOKE Quality Assurance[327] for each SMOKE program.
We are continually working to enhance this documentation and can take suggestionsthrough the CMAS
Center Help Desk (see next bullet).

» Submit problem reports or questions about SMOKE: All questions and problems concerning
SMOKE and other Models-3 components should be submitted through the CMAS Center Help Desk
[http://www.cmascenter.org/html/hel p.html].

This manual does not provide substantial technical documentation on the code itself, though someinform-
ationisprovided in Chapter 11, Source Code and Include Files[511]. The code does have extensivein-line
documentation to assist Fortran-savvy users in understanding its workings. We hope that in the future we
will be ableto enhance the documentation in Chapter 11, Source Code and Include Files[511], but are unsure
of the necessity and have not obtained resources for such documentation to date.
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2.1. Introduction

The purpose of SMOKE is to convert the resolution of the datain an emission inventory to the resolution
needed by an air quality model. Emission inventories typically have an annual-total emissions value for
each emissions source, or perhaps an average-day emissions value. The AQMs, however, typically require
emissions data on an hourly basis, for each model grid cell (and perhaps model layer), and for each model
species. Consequently, to achieve the input requirements of the AQM, emissions processing must (at a
minimum) transform inventory data by temporal allocation, chemical speciation, spatial alocation, and
perhaps layer assignment.

In addition to changing the resolution of the data, SMOKE must also provide the AQM input filesin the
correct file format. SMOKE can create the Input/Output Applications Programming Interface (/0 API)
Network Common Data Form (NetCDF) output format needed by the CMAQ and MAQSIP models. It
can also create the Fortran binary format for the 2-D emissions needed by REMSAD, UAM, and CAMy,
and the ASCI| elevated-point-source format used by the Ptsrce preprocessor
[http://www.remsad.com/ptsrce.htm] to these models. File format is also important for the input files used
by SMOKE, most of which are ASCII files, but some of which are 1/0 APl NetCDF files.

In this chapter, we introduce you to various concepts that are critical to understanding the technical descrip-
tion of emissions processing, as well as provide more detail about the processing capabilities of SMOKE.
(Later, Chapter 5, SMOKE Utility Programs [207], Chapter 6, SMOKE Core Programs [225], Chapter 7,
SMIOKE Quality Assurance [327], Chapter 8, SMOKE Input Files[365], Chapter 9, SMOKE Intermediate
Files[481], and Chapter 10, SMOKE Output Files[503] give more specifics about each program’s capabilities
and each file’'sformat.) This chapter provides the context and framework for the rest of the user’s manual.
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2.2. Assigns file and environment variables

To assist you in reading and using this chapter, we provide Appendix A. Glossary [521] for definitions of
emissions inventory and emissions modeling terminology.

2.2. Assigns file and environment variables

TheAssignsfileisascript used to set up the parameters of a SMOKE run. The file configures the UNIX
environment so that all of the correct input, intermediate, and output directories and files can be identified
and used by the SMOKE programs. It also sets things like the name of the grid and the time period that
youwill run SMOKE for agiven case. It does this by setting many UNIX environment variables, explained
in the next paragraph. The Assigns file also uses environment variables to configure compiler options, so
that SMOKE can be compiled on operating system other than the ones provided with the SMOKE distri-
bution (PC Linux and SGI IRIX as of August, 2003). More information on the Assignsfileis provided in
Section 4.3.2, “Assignsfiles’ [142].

Environment variables are aliases that can be set by a UNIX operating system. These variables are defined
during auser’s UNIX session, usually defined by an xterm or other UNIX terminal window. The environ-
ment variablesthat SMOKE uses storethe input, intermediate, and output files and directories. For example,
the environment variable for the directory that isthe SMOKE root directory is SMKROOT. At the UNIX
prompt, this environment variable could be defined to an actual path such as/ home/ nmyl ogi n/ snoke.
To set an environment variable, the UNIX setenv command is needed. In this example, the command to
define SMKROOT asthe given pathiis:

set env  SMKROOT / hone/ nyl ogi n/ snoke

After thiscommand isissued, the SMKROOT environment variable stores the characters/ hone/ nyl o-
gi n/ snoke asitsvalue. To use the value of an environment variable, the dollar sign must proceed the
variable name at the UNIX prompt. In the follow example, we give the UNIX command echo to print the
contents of the SMKROOT environment variable at the UNIX prompt. Note the use of the dollar sign before
the SMKROOT variable name.

echo $SVKROOT
When the UNIX system executes this command, the following is displayed at the UNIX prompt:
/ hone/ nyl ogi n/ smoke

The environment variables set by the Assignsfile for directories are described in Chapter 3, SMOKE Dir-
ectories and Example Data [113]. The variables used by the SMOKE scripts for controlling SMOKE exe-
cution are described in Section 4.3.4, “ Script settings’ [143]. Finally, the environment variablesthat control
program behavior are described in Chapter 5, SMIOKE Utility Programs [207], Chapter 6, SMOKE Core
Programs [225], and Chapter 7, SMOKE Quality Assurance [327].

2.3. Emission inventories

Emission inventories are the key input filesto SMOKE and emissions modeling. The data types that these
inventories contain are called inventory pollutants (e.g., carbon monoxide, ammonia, mercury). By itself,
SMOKE does not require specific datatypes in the inventory filesit reads. However, the AQMs that
SMOKE supports do require certain input data, called model species, which in turn requires SMOKE to
use certain inventory pollutants.

Inthissection, wefocuson theinventory filesthat SMOKE uses. Section 2.3.1, “Inventory datatypes’ [11]
describesthe major inventory types useable by SMOKE. In Section 2.3.2, “Inventory source categories’ [11],
we describe the inventory source categories, and in Section 2.3.3, “Inventory file formats’ [17] we discuss
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2.3.1. Inventory data types

the inventory file formats. The remaining sections describe the various codes used in specific inventory
sources: Section 2.3.4, “Country, state, and county codes’ [18], Section 2.3.5, “ Source Classification
Codes’ [19], Section 2.3.6, “ Standard Industrial Classification codes’ [20], Section 2.3.7, “Maximum
Achievable Control Technology codes’ [20], Section 2.3.8, “ Source types: major and section-112 area
sources’ [21] and Section 2.3.9, “ Source types. nonroad and onroad mobile sources’ [21].

2.3.1. Inventory data types

SMOKE processes criteria, particulate, toxics, and activity datainventories. Activity datawill be discussed
along with on-road mobile sourcesin the next section. By criteria inventories, we mean inventories con-
taining EPA’s criteria pollutants: carbon monoxide (CO), nitrogen oxides (NO,), and volatile organic
compounds (VOC) or total organic gases (TOG). Particulate inventories contain ammonia (NHy), sulfur
dioxide (SO,), particulate matter (PM) of size 10 microns or less (PM ), and PM of size 2.5 microns or
less (PM 2‘5) .

Additionally, SMOKE can process inventories with pre-speciated criteriaand/or particul ate emissions. For
example, elemental carbon of size 2.5 micronsor less can be provided asinput to SMOKE directly, instead
of letting SMOKE's speciation step compute it from the PM,, 5 total emissions. To ensure that SMOKE
correctly processesthe datawhen you are using pre-speciated emissions, other input files must be configured
in specific ways, asexplainedin Section 4.5.10, “ Use adifferent speciation mechanism or change speciation
inputs’ [176].

The toxics inventories that SMOKE can process are data from the National Emission Inventory (NEI) for
Hazardous Air Pollutants (HAPs). Thisinventory contains hundreds of specific compounds representing
the 188 HAPs defined by the Clear Air Act. The original list of 189 HAPs and modifications representing
the current list are available from the EPA’s web site [http://www.epa.gov/ttn/atw/orig189.html]. The
reason the inventory contains many more pollutants than 188 is because several on thelist of 188 are pol-
lutant groups, such as polycyclic organic matter, cyanide compounds and numerous metal compounds in-
cluding chromium compounds, cadmium compounds, manganese compounds, and others. Note that because
of these groups, specific compounds in the inventory in one inventory year may not exactly match the
compounds in another inventory year. For example, one may have lead oxide reported one year but not in
a subsequent year. However, those compounds not belonging to compound groups are likely to bein the
inventory year after year, particularly the common gaseous HA Ps emitted by mobile sources such as benzene,
1,3-butadiene, acrolein, formaldehyde, and acetal dehyde.

2.3.2. Inventory source categories
2.3.2.1. Overview

Emission inventories are divided into severa source categories. These divisions stem from both differing
methods for preparing the inventories and from different characteristics and attributes of the categories
(more on thesetermslater). Generally, emission inventories are divided into the following source categories:

» Stationary area/Nonpoint sources: Sourcesthat are treated as being spread over a spatial extent
(usually a county or air district) and that are not moveable (as compared to nonroad mobile and on-
road mobile sources). Becauseit is not possible to collect the emissions at each point of emission, they
are estimated over larger regions. The EPA introduced the term “ nonpoint” to replace “ stationary area’
in order to avoid confusion with theterm “areasource”, which isused asaregulatory term in the toxics
realm. However, “nonpoint” has not gained acceptance (thus far) by the criteriainventory/modeling
community. Thus, in this manual we will use the term “ stationary area’ to refer to these sources when
they arein criteriainventories, while we use the term “nonpoint” to refer to these sources when they
arein toxics inventories. Examples of nonpoint or stationary area sources are residential heating and
architectural coatings. Numerous sources, such as dry cleaning facilities, may be treated either as sta-
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2.3.2. Inventory source categories

tionary area/nonpoint sources or as point sources; in particular, the toxicsinventory contains numerous
small sources (based on emissions) that are not inventoried as nonpoint sources because their locations
are known and are provided.

» Nonroad mobile sources: Vehicular and otherwise movable sources that do not include vehicles that
travel on roadways. These sources are also computed as being spread over a spatial extent (again, a
county or air district). Examples of nonroad mobile sources include locomotives, lawn and garden
equipment, construction vehicles, and boating emissions. These sources are included in both criteria
and toxics inventories.

* On-road mobile sources: Vehicular sources that travel on roadways. These sources can be computed
either as being spread over a spatial extent or as being assigned to aline location (called alink). Data
in on-road inventories can be either emissions or activity data. Activity data consists of vehicle miles
traveled (VMT) and, optionally, vehicle speed. Activity dataare used when SMOKE will be computing
emission factors viaanother model such asMOBILEG or MOVES. Examples of on-road mobile sources
include light-duty gasoline vehicles and heavy-duty diesel vehicles. On-road mobile sourcesareincluded
in both criteria and toxics inventories.

» Point sources: These are sources that are identified by point locations, typically because they are reg-
ulated and their locations are available in regul atory reports. Point sources are often further subdivided
into electric generating utilities (EGUs) and non-EGU sources, particularly in criteriainventoriesin
which EGUs are a primary source of NO, and SO,. Examples of non-EGU point sources include
chemical manufacturers and furniture refinishers. Point sources are included in both the criteria and
toxicsinventories.

» Wildfire sources: Traditionally, wildfire emissions have been treated as stationary area sources. More
recently, data have also been developed for point locations, with day-specific emissions and hour-
specific plumerise (vertical distribution of emissions). In this case, the wildfire emissions are processed
by SMOKE as point sources.

» Biogenicland use data: Biogenic land use data characterize the type of vegetation that existsin either
county total or grid cell values. The biogenic land use datain North American is available using two
different sets of land use categories: the Biogenic Emissions Landcover Database (BELD) version 2
(BELD?2), and the BELD version 3 (BELD3).

Emission processing in SMOKE is divided into four processing categories. area, biogenic, mobile, and
point. The definitions of these categories that SMOKE uses are different than those used for defining
emission inventories. Table 2.1, “Inventory source categories and SMOKE processing capabilities and
categories’ [13] liststheinventory source categories, the types of inventories (activity data, criteria, partic-
ulates, and toxics) that SMOKE can process, the temporal resolution that is acceptable to SMOKE, and
the SMOKE processing category that should be used for processing the inventory.
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Table 2.1. Inventory source categories and SMOKE processing capabilities and categories

Temporal resolution that SMOKE can process*
Activity Criteria |Particulates| Toxics SMOKE pro-
I nventory sour ce category data cessing category
Nonpoint or stationary area N/A A,S A,S A'S Area
Nonroad mobile N/A A,S AS A,S Area
On-road mobile (MOBILE A A,S A, S A'S Mobile
6)
On-road mobile (MOVES) A H H H Mobile
EGU N/A A,SD,H | A,SD,H A'S Point
Non-EGU N/A A,SD,H | A SDH A,S Paint
Wil dfire with precomputed N/A D,H D,H N/A Point
plumerise
Wildfire with internal N/A D D N/A Point
plume rise calculation
Biogenic land use N/A X N/A N/A Biogenic
* A = Supportsannual data; S = Supports average-day data; D = Supports day-specific data; H = Supports
hourly data; X = Supports available data

2.3.2.2. Detailed source category descriptions

Each inventory source category has source characteristics, source attributes, datavalues, and data attributes.
Source characteristics are unique to each inventory source category and also distinguish one source in the
inventory from another. Source attributes further describe the sources with other information that is useful
for emissions processing, such as point-source flue gas exit height and temperature. The data values are
either emissions values or activity values. The data attributes are additional information about the data
values, such as the percentage reduction in emission from controls already applied to the source. In the
following subsections, we summarize the source characteristics and attributes and the data values and at-
tributes that are used by SMOKE for each of the inventory categories.

2.3.2.2.1. Nonpoint/stationary area and nonroad mobile (SMOKE category: area)

Sour cecharacteristics. For al typical inventories, the source characteristics that i dentify these sources
are country/state/county code and SCC. See Section 2.3.4, “ Country, state, and county codes’ [18] and
Section 2.3.5, “Source Classification Codes’ [19] for further information.

Optional sourcecharacteristics: SMOKE can al so use pregridded dataas a SMOKE area source; this
is described in more detail in Section 2.8.2.2, “Pregridded data route” [36]. In this case, the coun-
try/state/county code and SCC are not used in SMOKE.

Source attributes: The inventory year is associated with all sourcesin the inventory input files. In
addition, SMOKE assigns atime zone (see Section 2.9.14, “Assign country codes, years, and time
zones’ [71] and an approach for normalization of temporal profiles (see Section 2.9.13, “ Set the
weekday averaging approach” [71]). In the nonpoint toxics inventory only, Standard Industrial Classi-
fication (SIC) codes, Maximum Achievable Control Technology (MACT) codes, and North American
Industrial Classification System (NAICS) codes are optional source attributes; the NAICS codeisread
by SMOKE but not otherwise used at thistime. Additionally, a*“source type” field is availablein the
nonpoint inventory to identify major and Clean Air Act (CAA) section 112 area sources. See Sec-
tion 2.3.6, “ Standard Industrial Classification codes’ [20] for adescription of SIC codes, Section 2.3.7,
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2.3.2. Inventory source categories

“Maximum Achievable Control Technology codes’ [20] for more about MACT codes, and Section 2.3.8,
“Source types: major and section-112 area sources’ [21] for more about source types. We will refer to
the CAA section 112 area sources as simply “section-112 area sources”’.

Data: SMOKE can read emissions datafor criteria, particulate, and toxics pollutants for nonpoint/sta-
tionary areaand nonroad inventories. The SMOKE systemis not constrained with regard to the pollutants
read (although typical examples were given in Section 2.3.1, “Inventory data types’ [11]). SMOKE
accepts annual emissions data, average-day emissions data, or both (though not al input formats support
al types). An emission factor value can aso be read by SMOKE, but SMOKE does nothing with it.

Data attributes: Inventories for nonpoint/stationary area and nonroad mobile sources can contain
control efficiency, rule penetration, and rule effectivenessinformation for each pollutant. SMOKE will
usethese dataif provided; otherwiseit will set default valuesthat indicate that no control-based adjust-
ments have been applied to the inventory pollutant data. The defaults are listed in the file formatsin
Chapter 8, SMOKE Input Files [365].

2.3.2.2.2. On-road mobile (SMOKE category: mobile)

Source characteristics. For on-road mobile inventories, the minimum source characteristics that
identify these sources are country/state/county code and either SCC or road class and vehicle type
codes. When the SCC is provided, it must follow a specific pattern in order to contain the road class
and vehicle type codes (see Section 2.8.4.2, “ Special approach for on-road mobile SCCs’ [41]). When
road class and vehicle type codes are provided to SMOKE directly, SMOKE tranglates these to SCC
values.

Optional source characteristics: A link code may also identify on-road sources. This code must be
unigue within each county and SCC (or road class/vehicle type combination).

Source attributes: The inventory year is associated with all sourcesin the inventory input files. In
addition, SMOKE assigns atime zone (see Section 2.9.14, “Assign country codes, years, and time
zones’ [71]) and an approach for normalization of temporal profiles (see Section 2.9.13, “ Set the
weekday averaging approach” [71]). For sources with link codes, SMOKE will use the starting and
ending coordinates of the link, using either latitude-longitude (lat-lon) values or coordinates in the
Universal Transverse Mercator (UTM) coordinate system.

Data: Emissions data for criteria, particulate, and toxics pollutants can be read for on-road mobilein-
ventories. SMOKE is not constrained with regard to the pollutants read (although typical examples
weregivenin Section 2.3.1, “Inventory datatypes’ [11]). SMOKE accepts annua emissions data, av-
erage-day emissions data, or both (though not al input formats support all types).

Additionally, on-road mobile inventories can contain VMT and average speed activity data, which are
needed when users would like SMOKE to run MOBILE6 or MOV ES to compute emissions. A com-
bination of precomputed emissionsand VMT datais also acceptable for input to SMOKE, but you are
responsiblefor preventing duplication of emissions. Duplication could occur if you input precomputed
emissionsfor the same sourcesthat you use SMOKE to compute the emissions on the fly, by multiplying
the on-road emissions factors from MOBILE6 or MOV ES by hourly VMT, and the off-network
emission factors from MOVES by annual vehicle populations.

Data attributes: No data attributes are associated with on-road mobile sources.

2.3.2.2.3. Point sources (SMOKE category: point)

Sour ce char acteristics: The source characteristics for point sources depend on the inventory input
format. The Inventory Data Analyzer (IDA) format and SMOKE one-record-per-line (ORL) format
identify sources by country/state/county code, plant code, point code, stack code, segment code, and
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SCC. The EmissionsModeling System, ‘ 95 (EM S-95) format i dentifies sources by country/state/county
code, facility code (same as plant code), stack code, device code, process code, and SCC.

Optional source characteristics: SMOKE can support up to five location identifiers within a plant,
athough the most used in any currently implemented input file format is four.

Sour ce attributes: Aswith other source categories, inventory year is associated with all sourcesin
theinventory input files. SMOKE also assigns atime zone (see Section 2.9.14, “Assign country codes,
years, and time zones’ [71]) and an approach for normalization of temporal profiles (see Section 2.9.13,
“Set the weekday averaging approach” [71]). In addition, point sources have the following required
source attributes not associated with other source categories: latitude, longitude, stack height, stack
diameter (at the exit location), flue gas exit velocity, and flue gas exit temperature. Finally, thefollowing
optional source attributes are al'so used by SMOKE: SIC codes, MACT codes, plant descriptions,
emissions release type point (e.g., horizontal stack, fugitive), source type (major or section-112 area),
Office of Regulatory Information Systems (ORI S) identification codes, and boiler identification codes.
Not al input formats support al types of optional source attributes. In particular, the ORIS and boiler
codes (which are necessary for SMOKE to use in matching with Continuous Emissions Monitoring
[CEM] hour-specific EGU data) are supported only by the IDA format. Also, the MACT code and
source types are supported only by the SMOKE ORL format. See Section 2.3.6, “ Standard Industrial
Classification codes’ [20], Section 2.3.7, “Maximum Achievable Control Technology codes’ [20], and
Section 2.3.8, “ Source types: major and section-112 area sources’ [21] for more information.

Data: Emissions data for criteria, particulate, and toxics pollutants can be read for point inventories.
SMOKE is not constrained with regard to the pollutants read (although typical examples were given
in Section 2.3.1, “Inventory data types’ [11]). SMOKE accepts annual emissions data, average-day
emissions data, or both.

Optionally, point-source emissions data can be provided using day-specific or hour-specific records.
The formats for these data are described in Section 8.2.6, “PTDAY: Point source day-specific emis-
sions’ [396] and Section 8.2.7, “PTHOUR: Point source hour-specific emissions’ [398].

Dataattributes; EGU and non-EGU point sources can contain control efficiency and rule effectiveness
information for each pollutant. SMOKE will use these dataif provided; otherwise it will set default
values that indicate that no control-based adjustments have been applied to the inventory pollutant
data. The defaults are listed in the file formats in Chapter 8, SMOKE Input Files[365].

2.3.2.2.4. Wildfire with precomputed plume rise (SMOKE category: point)

Sour ce char acteristics: Wildfireswith precomputed plumes areidentified by the country/state/county
code and the fire name.

Optional source characteristics: There are no optional source characteristics for wildfire sources.

Source attributes: Like other source categories, inventory year is associated with all sourcesin the
inventory input files. SMOKE also assigns atime zone (see Section 2.9.14, “Assign country codes,
years, and time zones’ [ 71]) and an approach for normalization of temporal profiles (see Section 2.9.13,
“Set the weekday averaging approach” [71]). In addition, wildfire sources require the latitude and
longitude source attributes. Finally, additional hour-specific source attributes for wildfire sources must
be provided for the fraction of emissionsin the surface layer, the height of the bottom of the plume,
and the height of the top of the plume. These hour-specific attributes are provided to SMOKE using
the point source hour-specific formats described in Section 8.2.7, “ PTHOUR: Point source hour-specific
emissions’ [398].

Data: Wildfire source inventories can contain criteria and particulate pollutants. SMOKE is not con-
strained with regard to the pollutants read (although typical examples were given in Section 2.3.1,
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“Inventory datatypes’ [11]). These data must be provided as day-specific or hour-specific emissions
values using point source formats specified in Section 8.2.6, “PTDAY: Point source day-specific
emissions’ [396] and Section 8.2.7, “PTHOUR: Point source hour-specific emissions’ [398].

Data attributes: No data attributes are associated with wildfire sources.

2.3.2.2.5. Wildfires with internal plume rise calculation (SMOKE category: point)

Source characteristics: Wildfires with internal plume rise calculation are identified by the coun-
try/state/county code, fire identification, fire name, location identification, and SCC.

Optional source characteristics: There are optional source characteristics for fire sources, such as
material burned, vegetation types, size of area burned, fuel loading, and fire start/end hour. The size
of area burned and fuel loading are used for computing the fire-specific plumerise. Fire starting and
ending hours are needed to adjust the hourly temporal profiles for the emissions.

Source attributes: Like other source categories, inventory year is associated with all sourcesin the
inventory input files. SMOKE also assigns a time zone (see Section 2.9.14, “Assign country codes,
years, and time zones’ [71]) and will re-normalize temporal profiles based on the starting and ending
hours of the fire. In addition, wildfire sources require the latitude and longitude source attributes to
locate the fire. Note that all emissionsfor afire will be assumed to come from the single grid cell that
contains the latititude and longitude of the fire. Finally, additional day-specific source attributes listed
above for fire sources must be provided for calculating the heat flux of each fire, which isused to es-
timate the fraction of emissionsin the surface layer, the height of the bottom of the plume, and the
height of the top of the plume. See more information about how to process at Section 4.5.18, “Plume
Rise Calculation for Fires’ [198]

Data: Fire sourceinventoriescan contain criteriaand particulate pollutants. SMOKE isnot constrained
with regard to the pollutants read (although typical exampleswere given in Section 8.2.8.4, “ORL
FIRE Format” [413]). These datamust be provided as day-specific emissions val ues using point source
formats specified in Section 8.2.6.2, “ Day-specific file format for fires’ [397].

Data attributes: No data attributes are associated with wildfire sources.

2.3.2.2.6. Biogenic land use (SMOKE category: biogenic)

Source characteristics: Biogenic emission data does not fit as neatly into the source-characteristic
paradigm as the previously described source types. Emissions for biogenic sources are estimated
starting with land use data, which are available for both BELD2 and BELD3 processing. The BELD2
dataare available either by U.S. state/county and BEL D2 land use category or by grid cell and BELD?2
land use category. BEL D3 land use data are available by 1-km grid cell over North and Central
Americaand by BELD3 land use category.

Optional source characteristics: Biogenic land use datado not include optional source characteristics.
The data are either by state/county or by grid cell.

Source attributes: There are no source attributes for biogenic land use data.

Data: Thebiogenic land use data consist of fractions associated with each land use type within acounty
or grid cell.

Data attributes: There are no data attributes for biogenic land use data.
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2.3.3. Inventory file formats

SMOKE supportsavariety of inventory formatsfor criteria, particul ate, toxics, and activity datainventories,
which are described in detail in Section 8.2, “Inventory Files’ [378]. Here, we provide a brief introduction
to these formats, which will be helpful as you read more about SMOKE in the remainder of this chapter
and the chapters before Chapter 8, SVIOKE Input Files [365]. All formats described here are text files. To
convert your datato these formats, the best approach isto use adatabase or spreadsheet program to reformat
and output the datain the requested format. There is not a standard format-conversion method that comes
with SMOKE.

With the exception of the on-road mobile formats for activity data (i.e. VMT and speed), none of the
SMOKE inventory formats require specific inventory pollutants or limit the inventory pollutant types that
can be imported. However, all formats have their “typical” purpose. The IDA format is usually used for
criteriaand particulate inventories and is appropriate for them because most sources have emissions for
all criteriaand particulate pollutants. However, there is no reason that mercury data, for example, could
not be provided to SMOKE using this format (provided that the user does not need to have the MACT
code associated with mercury emissions for other processing steps, since MACT codes are not part of the
IDA format). Similarly, the SMOKE ORL format is usually used for importing toxics data, but could also
be used to import criteriainventories. In the following paragraphs, we describe the formats available for
nonpoint/stationary area, nonroad mobile, on-road mobile, point, and point-wildfire sources.

» Nonpoint/stationary area sources: SMOKE supports three formats for nonpoint/stationary area
sources. Thefirstisthe IDA format, which isintended for input of the criteriaand particul ate National
Emission Inventory for stationary area sources. The second is the EMS-95 format, which is provided
only for backward compatibility for people using EM S-95 emission files. The key difference between
the two formats is that the IDA format has all inventory pollutants for each source on asingleline,
whereas the EM S-95 format has a different inventory pollutant on each line. The third format, SMOKE
ORL, istypically used for nonpoint sources for toxics inventories. Thisformat can be created using
datafieldsfrom the NEI for HAPs. In some cases, aversion of thisinventory known asthe “modeler’'s
files’ may be available, but will still require conversion to the SMOKE ORL format; additional con-
version is needed because the “modeler’sfiles’ contain extrainformation not needed for SMOKE, but
needed by other users of thefiles. The SMOKE ORL and I DA formats may be used together to combine
the criteria, particulate, and toxicsinventoriesinto asingle SMOKE run. Like the EM S-95 format (and
unlike the IDA format), the SMOKE ORL format has a different inventory pollutant on each line.

» Nonroad mobile sources: There are two available inventory formats for nonroad mobile sources. For
criteriaand particulate inventories, you can use the same | DA format or EM S-95 format asfor stationary
area sources. For toxicsinventories, the SMOKE ORL format is available for providing nonroad data
to SMOKE. Theseformats may be used together to combine the nonroad criteria, particul ate, and toxics
inventoriesinto a single SMOKE run. Like the nonpoint toxics format, the nonroad mobile toxics
format has a different inventory pollutant on each line and can be used to input any inventory datato
SMOKE, including criteria or particulate emissions.

» On-road mobilesources: Fiveformatsare possiblefor on-road mobile sources. Thereisan IDA format
for activity data and one for emissions data. The IDA activity dataformat isused to input VMT and
speed datato SMOKE for criteria, particulate, and toxics modeling. The IDA emissions dataformat is
intended for criteriaand particulate inventories, though other data can be provided in this format as
well; thisformat has al inventory pollutants on each line of thefile. Third, thereisa SMOKE ORL
format for toxics emissions data, which can also be used for input of any inventory datato SMOKE.
All three of these formats expect VMT or emissions data to be provided by road class and vehicletype.
Fourth, thereis an EM S-95 format that can be used to provide SMOKE VMT datathat are aggregated
by road class and not vehicle type. In this case, SMOKE requires another input file, called the VMIM X
file, to disaggregate the emissions by vehicletypefor each road class. The EM S-95 format also permits
providing data by link, which includes data regarding the coordinates of the link start and end points.
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The EMS-95 format is the only way to import data by link. Fifth thereisthe Flat File (FF) format for
activity inventory such asVMT, speed, and vehicle popul ation data. Thisformat requiresVMT, SPEED,
and VPOP inventory data.

» Point sources: SMOKE hasformatsfor annual or average-day inventories, for day-specific inventories,
and for hour-specific inventories. For annual or average-day inventories, the IDA format can be used
for criteria and particulate inventories. An EM S-95 format can also be used for average-weekday cri-
teriaand particulate inventories; it requires five separate files for each state (SMOKE combines the
information from these five files and across all of the states when importing the data). A SMOKE ORL
format is available for importing toxics inventories. For day-specific data, we have adapted the EMS-
95 format for usein al cases, whether the annual or average-day inventory isin IDA, EMS-95, or
SMOKE ORL format. For hour-specific data, a very similar format can be used, again regardless of
what format the annual or average-day emissions are provided in. Finally, the CEM data format can
be used for day-specific or hour-specific data: SMOKE uses the ORIS codes and boiler codes in the
annual inventory filesto match sources from the CEM datafiles.

» Wildfire sources: There are two approches available that you can provide wildfire data that are being
treated as point sources to SMOKE using the IDA or ORL point-source format.

* Precomputed plumerise approach: Certain fields must be left blank (such as stack parameters)
because they do not apply to wildfire sources. When using wildfire data provided as point sources,
you must aso provide day-specific or hour-specific wil dfire emissions and hour-specific precomputed
plume rise using the EM S-95 day-specific and hour-specific formats.

* Internal plumerisecalculation approach: Requirestwo separateinventory filesthat are provided
inamodified ORL format: (1) alist of fires with fire-specific characteristics including
county/state/county, fireidentification, location coordinate, fire name, SCC and others, as described
in Section 8.2.8.4, “ORL FIRE Format” [413], and (2) aday-specific firedataincluding size of area
burned, fuel loading, and star/end hour of fire (Section 8.2.6.2, “ Day-specific file format for
fires’ [397]). Unlike the approach listed above, this approach internally estimates the plumerise
using the size of the area burned and fuel loading, and it adjusts temporal profiles using the start
and end hours of the fire. See detail at Section 4.5.18, “Plume Rise Calculation for Fires’ [198]

2.3.4. Country, state, and county codes

SMOKE uses a 6-digit integer code to identify a country, state (or province), and county (or other region)
for aparticular source. Most U.S. inventoriesinput to SMOKE havethe 5-digit U.S. Federa Implementation
Planning Standards (FIPS) state and county codes. All inventory input formats have been adapted to include
a special header record with which you can specify the country, effectively allowing the inventories to be
provided with the 6-digit code that SMOKE uses. The 6-digit system was designed for usein the United
States with states and counties, as well as Canada and Mexico, but it can be adapted for other uses. The
format used by SMOKE for the codesis:

'C.SS YYY,
" \

Country  State County

The SMOKE installation is set up to use U.S.-centered codes as defined in the COSTCY file, which contains
the codes and their associated names and time zone settings. In thisfile, the U.S. country code is zero,
which alowsthe U.S. country/state/county codesto be the same as the FI PS state/county codes that appear
in U.S. inventories. See Section 3.4, “ Test case data files’ [132] for more information about the example
COSTCY file that comes with the SMOKE installation, and Section 8.10.2, “COSTCY: Country, state, and
county names and data’ [468] for more information on the COSTCY file format.
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2.3.5.

To change the meaning of the country, state, or county codesin SMOKE, the COSTCY file must be modified
to use different names associated with each country, state, and/or county number. All SMOKE input files
must also use this new numbering scheme, including inventory files and cross-reference files.

Acceptable valuesin SMOKE for the country code are 0 through 9. Acceptable values of the state code
are 1 through 99. A cceptable val ues of the county code are 1 through 999. No al phabetic codes are accepted,
since SMOKE stores these values as integers.

Source Classification Codes

EPA uses Source Classification Codes (SCCs) and areaand mobile source (AMS) codesto classify different
types of anthropogenic emission activities. SCCs have 8 digits for point sources, while AMS codes have
10 digits, and sometimesinclude aleading “A” asan eleventh character. In SMOKE, werefer to both kinds
of codes as“SCCs’, and we ignore the leading “A” in the area and mobile codes. Additionally, SMOKE
permits the nonpoint and point toxicsinventoriesto use both 8-digit and 10-digit SCCsin the sameinventory
input file, because both 8- and 10-digit codes are contained in the nonpoint and point inventoriesin the
1999 NEI for HAPs. The maximum field width in SMOKE and itsinput files for SCCsis 10 characters.

The codes use a hierarchical system in which the definition of the code gets increasingly more specific as
you move from left to right. It isimportant to understand the hierarchy of the codes, because you can take
advantage of the hierarchy in building cross-reference files for assigning emissions processing factorsto
inventory emission sources. In the diagrams below, level 1 isthe least specific and level 4 isthe most
specific.

The code structure for the 8-digit point-source codesiis:

'A BB CCC DD
" \ \

Level1 Level2 Level3 Level4

An exampl e point-source activity and corresponding SCC can be taken directly from SMOKE's SCC de-
scription file (SCCDESC): “External Combustion Bailers; Electric Generation; Lignite; Spreader Stoker”
is represented by 10100306. Below we have mapped the levels of this description with the levels of the
SCC:

L 1 1 01 L 003 L 06 !
External l - Lignite \
Combustion ngeec;’;rtlifi)n nggigf r
Boilers

Similarly, the code structure for the 10-digit area- and maobile-source codesiis:

'AA BB CCC DDD
Y ! \ \

Level1 Level2 Level3 Level4

For more information on SCCs, please refer to http://www.epa.gov/ttn/chief/codes/. An SCC Readmefile
is provided on that page that further explains the codes.
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2.3.6. Standard Industrial Classification codes

2.3.6.

2.3.7.

SMOKE treats SCCsas character strings, though in practice the valuesin theinventories and cross-reference
files are usually numeric. In Section 2.4, “Cross-referencing and profiles’ [21] on cross-references and
profiles, we explain how these hierarchies are used by SMOKE and how you should use them in preparing
SMOKE input files.

For on-road mobile sources, SCCs are treated somewhat differently than for other source categories. We
explain more about thisin Section 2.8.4.2, “ Specia approach for on-road mobile SCCs’ [41].

Standard Industrial Classification codes

Although SIC codes are being replaced by NAICS codes in building emission inventories at EPA, SIC
codes are still used in emissions processing. These 4-digit codes use a 2-level hierarchy that is recognized
by SMOKE for application of growth, control, and chemical speciation factors. The two code levels are
illustrated below. More information on SIC codesis available at http://www.osha.gov/oshstats/sicser.html.

AA BB
roo

Level1 Level 2

Maximum Achievable Control Technology codes

The following quote explaining MACT codes was taken from EPA's web site
[http://www.epa.gov/ttn/chief/codes/mact.txt] to explain what MACT codes are and why they are used in
some inventories and not others:

To evaluate EPA’s progress in reducing air toxic emissions through the Maximum
Achievable Control Technology (MACT) standards and to identify sources that may be
modeled as part of residual risk assessments, operations within facilities that are subject
to MACT standards are identified in the NTI by 4-digit MACT codes. [ note that the
term NTI (National Toxics Inventory) has since been replaced with NEI and that the
codes are now 6 digits]

A MACT category is one for which emissions limitations have been or are being de-
veloped under section 112(d) of the Clean Air Act (National Emissions Standards for
HazardousAir Pollutants). EPA sets source category, technology based standards through
itsMACT program that sharply reduce emissions of HAPs. EPA'SATW web siteincludes
information on the MACT source categories and the MACT program
(www.epa.gov/ttn/atw/eparules.html). The tagging of data with MACT codes allows
EPA to determine reductions attributable to the MACT program. The NTI associates
MACT codes corresponding to MACT source categories with stationary major and
[section-112] area source data. MACT codes are assigned at the process level or at the
sitelevel in the point source data, e.g., the MACT code for municipal waste combustors
(MWCs) is assigned at the site level whereas the MACT code for petroleum refinery
catalytic cracking is assigned at the process level. MACT codes are also assigned to
source categories in the nonpoint sourcefile.

In SMOKE, MACT codes are treated as 6-character strings, with no internal hierarchy associated with the
number.
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2.3.8. Source types: major and section-112 area sources

2.3.8.

2.3.9.

Source types: major and section-112 area sources

For point and nonpoint toxics inventories, each source can be labeled as*“major” or “section-112 ared’ for
input to SMOKE (the following paragraph explains how the term “area’ can be applied to a point-source
inventory). The Clean Air Act defines major sources as those stationary facilities that emit or have the
potential to emit 10 tons per year or more of any onetoxic air pollutant or 25 tons per year or more of any
combination of toxic air pollutants. section-112 areasourcesinclude facilitiesthat have air toxics emissions
below the major source threshold as defined in section 112 of the Clean Air Act and thus emit less than
10 tons per year of asingle toxics air pollutant or less than 25 tons per year combined of multiple toxics
air pollutants. Another source type exists in principle for nonpoint sources. the “ other” source type; an
example of this source type is wildfires. However, these source types are not labeled differently from the
section-112 area sourcesin the nonpoint toxicsinventories, so the“ other” source type has not been included
in SMOKE to date.

A note about the confusing use of “area’ terminology to describe point sources: The designation of sources
in the point inventories as section-112 area sources has no relationship whatsoever to SMOKE's area
processing category. The point sources that are section-112 area sources are still processed by SMOKE as
point sources using alat-lon location and stack parameters.

Inpractice, al “major” sources should appear only in the point toxicsinventory, but in some cases, “major”
sources have shown up in the nonpoint inventory (specifically in inventory year 1996, in the July 2001
version of that inventory). Thus, the source type designation is provided in both the point and nonpoint
toxics input formats.

The major and section-112 area designations are used when applying MACT-based control factors. These
control factors are assigned based on a source’'s MACT code and may be applied to major sources only,
to section-112 area sources only, or to both types of sources regardless of designation.

Source types: nonroad and onroad mobile sources

The nonroad and onroad mobile source type designations are used when applying MACT-based control
factors. These control factors are assigned based on a source's MACT code.

2.4. Cross-referencing and profiles

The emission inventories described in Section 2.3, “Emission inventories’ [10] can contain hundreds of
thousands or even millions of sources. Collecting specific information for each source about its temporal
allocation, chemical speciation, and spatial allocation is not practical. Therefore, a part of emissions pro-
cessing involves assuming that many sources share the same factors for these major processing steps. For
example, we apply monthly, day-of-week, and hourly temporal factors (called profiles) to convert from
an annual emissions value to an hour-specific emissionsvalue. A limited set of monthly, day-of-week, and
hourly diurnal profiles are available from various studies, and these profiles each have their own unique
profile number (also called profile code or profile ID). Thislimited set of profilesis assigned to the much
more NUMerous inventory sources using an approach called cross-referencing, which isimplemented using
cross-referencefiles.

The cross-reference files assign the profiles based on source characteristics such as country, state, and
county codes and/or SCCs, using the profile numbers to associate source characteristics with the profiles.
Whilethe profile numbers are unique in the profilefiles, they will appear many timesin the cross-reference;
thisis how SMOKE is able to group the sources to treat them in the same manner. This approach is used
for temporal alocation profiles, chemical speciation profiles and the spatial “profiles’, which are called
spatial (or gridding) surrogates.
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2.4. Cross-referencing and profiles

The cross-reference tables are applied to the sources in a stepwise manner, such that the most specific entry
available is always applied. For example, if a cross-reference entry were available that matched a source
by state, county, and SCC, SMOKE would apply that entry instead of a different cross-reference entry that
matched that source only by SCC. The hierarchy that describes how each cross-referencefileis applied to
the inventory is described for each program in Chapter 6, SMOKE Core Programs [225].

Figure 2.1, “ Generic example of how cross-reference files and profiles work together” [22] provides a
generic example of how cross-reference files and profile files work together. In the example, the profile
to be used for most of North Carolinais profile ID 16. Durham and Orange counties, however, are assigned
profile 15, which would be preferentially applied to all sourcesin Durham and Orange counties, instead
of using the general North Carolina profile. South Carolina sources would be assigned profile 17.

Figure 2.1. Generic example of how cross-reference files and profiles work together

Cross-reference file Profiles file
State County ID ID Factors
NC Durham 15 13 0.2,0.3,0.5
NC Orange 15 \ 14 0.4,0.4,0.2
NC All 16 15 0.4,0.3,0.3
sC Al 17 Q 16 0.4, 0.5, 0.1
17 0.4,0.4,0.2

This example does not correspond to a particular processing step (i.e., temporal alocation, chemical spe-
ciation, or spatial alocation), but rather assigns generic “factors’ from profiles 15, 16, and 17 based on
the state and county information in the cross-reference file. (Note that we have used the state and county
names in this example, whereas real cross-reference files would use the country, state, and county codes
according to the file format of the actual cross-referencefiles.)

SMOKE handles cross-references and profile application in a very efficient manner. In reading a cross-
reference file, SMOKE first sorts the cross-reference entries using the same sort criteriaas are used for the
inventory sources (e.g. by country/state/county code, then by SCC, then by remaining source characteristics
if any). Next, the cross-reference entries are grouped according to the “level” of matching of each of the
entries. For example, al entriesthat could match to the inventory using only state and county codes would
be in one group, while entries that could match to the inventory using only SCCs would be in another
group. Once the cross-reference entries are grouped, SM OK E processes each sourcesin the inventory, and
attemptsto find amatching entry in one of the cross-reference groups. The most specific groups are searched
first, and when amatch isfound for a particular source, the other groups are not searched. Thishelpsincrease
efficiency. In addition, because the cross-reference entries are sorted within each group, an efficient
searching algorithm can be used for each individual search. When amatch to one of the cross-reference
groups has been found, SMOKE continues to the next source in the inventory until all sources have been
processed.

Cross-references and profiles are used in the following SMOKE processing steps. These steps and their
associated programs (listed in parentheses) will be described in the sections to come.

* Inventory import (Smkinven)

o cross-references: NHAPEXCLUDE, VMIM X, PSTK, ARTOPNT

« profiles: none (factors are included in the cross-reference files when needed)
e Temporal alocation (Temporal)

» cross-references: ATREF, MTREF, PTREF

e profiles: ATPRO, MTPRO, PTPRO
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2.5. Input and output file types

e Chemical speciation (Spcmat)
o cross-references: GSREF, GSCNV
e profiles: GSPRO
» Spatial allocation (Grdmat)
» cross-references: AGREF, MGREF
» profiles: AGPRO, MGPRO (* Note)
e Growth and controls (Cntlmat)
e cross-references: GCNTL
« profiles: none (factors are included in the cross-reference files)
» Mobile-source speed assignment (M bsetup, Emisfac)
» cross-references. SPDREF
e profiles: SPDPRO
e Mobile-source preprocessing (M bsetup)
* cross-references: MCREF, M\WREF
« profiles: none needed (used for grouping sources)

The hierarchies that each SMOKE program uses to assign cross-reference entries to sources are provided
in Chapter 6, SMOKE Core Programs [225], where the programs are described at length. The file contents
and formats are described in more detail in Chapter 8, SMOKE Input Files [365].

Note: The use of the Environment variable AGPRO (Areaspatial surrogate file)and MGPRO (M obile spatial
surrogate file) have been discontinued. Two new Environment variables have been introduced to SMOKE;
SRGPRO_PATH (spatia surrogate profile file location) and SRGDESC (description file with the specific
list of available surrogates|ocated in SRGPRO_PATH) SeeFigure 6.5, “Grdmat input and output files’ [251].
The surrogate files located in SRGPRO_PATH are refinements of the old [A|[M]GPRO files. They are of
the same format as the old files, however, there now may be one or more surrogate files. Grdmat now
process each surrogate separately. On domains with large cell counts, this approach limits the memory
usage at the expense of dlightly longer run times.

2.5. Input and output file types

Before we describe more about the SMOK E processing, we first need to explain the types of files you will
encounter in this documentation. SMOKE primarily uses two types of file formats: ASCII filesand 1/0
API files. In addition, the output file format for the UAM-based air quality model is a Fortran binary file
format. Chapter 8, SVIOKE Input Files [365], Chapter 9, SMIOKE Intermediate Files [481], and Chapter 10,
SVIOKE Output Files [503] describe al input, intermediate, and output files, including the file format for
each one. Input files arefiles that are read by at least one core SMOKE program (listed in Chapter 6,
SVIOKE Core Programs [225]), but are not written by a core program. Intermediate files are files that are
written by a core program and read by at least one other core program. Output files are files output by a
SMOKE core program but not read by any of them; these files include reports, log files, and the model-
ready filesto beinput to an air quality model. (Exception: one intermediate file [used by a core program]
isalso an output file [used by an AQM]: the STACK GROUPS file, described in Section 9.3.2,
“STACK_GROUPS” [484].) Inthis section, wefurther describethe ASCII and 1/O API files, and then provide
information about the two approaches for formatting the model-ready output files produced by SMOKE
(the CMAQ/Models-3 approach and the UAM-based approach).

SMOKE's input files are primarily ASCI| files, although afew I/O API files are used. The intermediate
filesin SMOKE are primarily 1/0 API files, although there are several important ACSI| filesaswell. The
output files from SMOKE are primarily 1/0 API files and Fortran binary files for model-ready emissions
files, and ASCI| files for reports and logs.
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2.5.1. ASCII files

ASCII files are simply the text files with which most computer users are familiar. The ASCII files input
by SMOKE come in two structures: column-specific and list-directed.

2.5.1.1. Column-specific ASCII files

In column-specific files, the fields in the files must appear in certain columns in the file. Each character
on aline represents a single column. The lines below represent a column-specific ASCII datafile:

TEST 1 2 3

Addi ti onal data

Theletters TEST are in columns 1 through 4 of the file and the numbers 1, 2, and 3 are in columns 6, 8,
and 10 respectively:

123456789012345
TEST 1 2 3

Addi ti onal data

2.5.1.2. List-directed ASCII files

2.5.2.

In list-directed files, the exact positioning of thefields on alineis not important, but the order of the fields
on that lineis crucial. The fields must be delimited (separated) by specia characters called delimiters; in

SMOKE, valid delimiters are spaces, commas, or semicolons. If aparticular field happens to contain any
of these delimiterswithin it, then that field must be surrounded by single or double quotesin theinput file.

/O API files

I/O API files are read and written by the 1/O API library used by SMOKE and other Models-3 programs.
A library isaset of routines that have been created and compiled for use by multiple programs. The I/O
API library, in turn, is built upon yet another library called the NetCDF library. For this reason, 1/0 AP
filesare dso referred to as I/0 APl NetCDF files. More information on both of theselibrariesis available
at the I/O API web site [http://www.baronams.com/products/ioapi/]. Section 12.4, “Compiling SMOKE
for UNIX” [516] containsinstructions for obtaining the I/0 API and NetCDF libraries.

The I/O AP files cannot be viewed with atext editor because they are binary files. These binary files use
less disk space than ASCI| files containing the same data. They also allow much more efficient input and
output of the data, and the 1/O API library provides many quality assurance (QA) features useful for all
input and output (1/0), including I/O for emissions processing.

Thebasic I/OAPI file hasalimitation of 120 variables per file. To overcome this, SMOKE uses awrapper
called the FileSetAPI that creates and manages multiple I/0 API files when more than 120 variables are
needed inasingle /O API dataset in SMOKE. For example, if the SMOK E speciation matrix requires 140
pollutant-to-species variables, SMOKE will open by default two standard 1/0 API files: one with 120
variables and one with 20 variables. Thisresulting “file set” will be treated by other SMOKE programs as
asinglefile, which enables processing of any number of pollutants and speciesin asingle run, despite the
[/O API variable limitation.
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2.5.3. Model-ready files

2.5.3.

Some 1/O API files can be viewed by the Visualization Environment for Rich Data Interpretation
[http://lwww.verdi-tool .org] (VERDI). In SMOKE, any gridded output file from the Smkmerge, Mrggrid,
or Smk2emis programs can be viewed by VERDI.

In some cases, it can be helpful to directly view the contents of the /O API filesin text form. This provides
aquick way to check grid settings, time period, or species names in the model-ready output files. By
viewing the text version of the model-ready output files produced by SMOKE, you can easily confirm that
the correct species have been created or that the emission units are correct. To convert the /O AP filesto
text, one can use acombination of the NetCDF-provided ncdump utility and UNIX commands. Thencdump
utility is created when you compile the NetCDF library, or you can download it from the NetCDF web site
[http://www.unidata.ucar.edu/packages/netcdf/]. The command to convert the files to text format is:

ncdunp <infile> | cut -cl1l-80 > <outfile>

Replace <i nf i | e> in the command above with your input I/O API file name, and <out f i | e> with
your desired ACSII output file name. The output file contains all the applicable data stored in the 1/O API
fileincluding grid information, time period, variable names, etc.

Model-ready files

SMOK E supports two major approaches for formatting its output files that are used as inputsto air quality
models (i.e., model-ready files): the CMAQ/Models-3 approach and the UAM-based approach. The
CMAQ/Moadels-3 approach is used for the CMAQ and MAQSIP models, and the UAM-based approach
is used for the UAM models, REMSAD, and CAMy.

The CMAQ/Models-3 approach uses one required 3-D 1/O AP file that contains the gridded, hourly, spe-
ciated, and vertically distributed emissions. In SMOKE, it is called the EGTS3D _L file. To create the 3-
D model-ready emissions file, SMOKE computes plume rise for some or all point sources. For CMAQ,
two additional optional files can be provided for plume-in-grid (PinG) processing. The first must contain
locations and stack parameters for PinG sources and is called the STACK _GROUPS file. The second must
contain the hourly, speciated emissions for the same PinG sourcesin afile called the PI NGTS_L file. The
MAQSIP model does not support PinG sources.

The UAM-based approach has two required files: (1) a2-D emissions Fortran binary file with all sources
other than point sources and all low-level point sources, and (2) an el evated-point-source Fortran binary
file. The SMOKE program Smk2emis can create the 2-D emissions Fortran binary file (called the

UAM EGTSfile) by convertinga2-D EGTS_L file from an 1/0O API format. To obtain the el evated-point-
source Fortran binary file, the SMOKE program Smkmer ge can create an ASCI| elevated-point-source
file, which can then be converted to the required binary format using the UAM preprocessor Ptsrce
[http://www.remsad.com/ptsrce.htm].

2.6. Modeling parameters

Emissions modeling requires information about the subsequent air quality modeling that will be done. For
example, to produce appropriate model-ready files using SMOKE, you must know which AQM will be
used, the model grid and map projection, the episode dates, and the chemical mechanism to be used. In
this manual, we refer to these settings collectively as “modeling parameters”. In this section, we provide
information on what these modeling parameters are and SMOKE's capabilities to support them.

SMOKE reads in the modeling parameters from both script settings (environment variables) and input
files. In the subsections below, we provide the relevant settings and files that control the modeling para-
meters. More information about how to configure your scripts and files to change these parameters can be
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2.6.1. Map projections and model grids

2.6.1.

found in Section 4.5, “How to use SMOKE" [149]; how the settings affect the programsis described in
Chapter 5, SVIOKE Utility Programs [207] and Chapter 6, SMMVOKE Core Programs [225].

Map projections and model grids

A map projection is the mathematical representation of the spherical surface of the earth on a 2-D plane.
SMOKE supports Lambert conformal, lat-lon, UTM, and polar stereographic map projections. There are
many different settingsthat you may useto define your Lambert conformal, UTM, and polar stereographic
projections, to make these projections match the one being used by your meteorology model and AQM.
(Lat-lon is afixed projection and cannot be changed.)

A model grid is atwo-dimensional region overlaid on amap projection. It is defined by the starting x-y
coordinates, the number of grid cellsin each direction, and the physical size of the grid cells. Figure 2.2,
“Example model grid” [26] shows an example of amodel grid that includes most of the eastern U.S. This
example has 81 grid cellsin the x-direction, 75 grid cells in the y-direction, and each grid cell is 36 by 36
kilometers. Each set of 10 cells by 10 cells (counting from the starting coordinates) is enclosed in black
grid lines.

Figure 2.2. Example model grid
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Themodel gridissetin SMOKE usingthel QAPI _GRI DNAME 1 setting to select agrid and map projection
from among those defined in the GRI DDESC input file. The name of the grid set with thel QAPI _CGRI D-
NAME_1 setting must match a grid name in the GRI DDESCfile to allow SMOKE to obtain the grid and
map projection parameters from the GRI DDESCfile.
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2.6.2. Base year and past/future years

For any modeling effort, the emissions base year and future year are key modeling parameters needed for
performing emissions processing. The base year isusually the year for which theair quality model isbeing
run in order to compare modeling results with observed air quality data. Such comparisons allow modelers
to tune the emissions data and air quality model, to ensure that the AQM is performing adequately during
the modeling episode.

The base year is most often ayear for which an emission inventory is available. Thisisusualy the same
year for which the meteorology model has been run to prepare input to SMOKE and an AQM and for
which air quality observations are available. Of course there are exceptionsto this principle, but generally
that is how one establishes a base year.

Several different files and settings are used to set the base year in SMOKE, each of which should be con-
sistent with each other for ideal results.

» The YEAR setting in the SMOKE Assigns file is the reference point used by the scripts to determine
the base year and set the names of various year-specific input files.

e The episode and run settings (see Section 2.6.3, “Modeling episodes’ [28]) determine the base year
that will be used in the model-ready output files. This base year must match the YEAR setting so that
the correct input files are used.

» Theinput emissionsfiles should ideally contain data for the same base year, and the #Y EAR header
setting in those files should be consistent with the YEAR environment variable in the Assignsfile. If
the yearsin the annual inventory files are not consistent with each other, SMOKE will determine the
year used by the most sources and set that as the base year. If day-specific or hour-specific dataare
used, all yearsin those files must be consistent with the base year of the annual emissions.

» TheMOBILE6input data, if they are being used, should also be consistent with the base year. SMOKE
iscapable of running MOBILE6 with inputsfrom adifferent year, but certain inputs may not be correct.

» Finally, thedatesinthel/O APl meteorology datafrom the Meteorol ogy-Chemistry I nterface Processor
(MCIP) must be consistent with both the base year and the episode and run settings.

The future (or past) year is achosen year in the future (or past) for which amodeler needs to run an air
quality model; for example, to model the future effects of particular emission control strategies. To model
afuture year with SMOKE, you must have either an inventory that has been computed for a future year,
or growth and control factors to project the base-year inventory to the future year. The settings and files
that must be considered are as follows:

» Thesetting FYEARIis set in the run script and is used by the script to automatically assign the name of
the Cntlmat input file GCNTL, which contains the growth factors. FYEAR must be set to the future
year even if afuture-year inventory is not being created because it has already been provided to you.

* If you already have afuture-year inventory and so do not need to use SMOKE to project one from the
base year inventory, then the emissions data year must match the future year, and the #Y EAR header
in theinventory file must match that year aswell. In this case, the SMK_BASEYR_OVERRI DE setting
must al so be used to indicate what the base year is (which will be the same asthe year of the meteorology
data).

» The MOBILES input data, if they are being used, must also include the correct settings for the future
year of interest.

27



2.6.3. Modeling episodes

» Theepisode and run settings, meteorology files, and day- or hour-specific inventories should not match
the future year, but rather should use the base-year episode dates.

2.6.3. Modeling episodes

The modeling episode is the total time period for which you will run SMOKE and your AQM. Unless the
episodeisjust afew dayslong, userstypically set up SMOKE to create emissionsfiles of ashorter duration
than their modeling episode, often creating one-day files for each day of their episode. Though SMOKE
can create asingle file for an entire episode, the file often becomestoo large for some computersto handle
(the limit for 32-hit operating systemsis 2 GB files), so necessity rather than preference dictates that
smaller files (usually one-day files) be created by SMOKE. We use the term “run period” to distinguish
between these shorter durations and the full modeling episode; unless otherwise noted, we will assume
that the run period is one day. For example, atypical SMOKE episode might cover July 1, 1996 through
July 31, 1996. There will be 31 run periods (days) within this episode, the first starting on July 1, 1996
and the last starting on July 31, 1996.

In the SMOKE Assignsfile, there are several settings that you need to change to cause SMOKE to create
emissionsfor the episode of interest. Section 4.5, “How to use SMOKE” [149] provides more guidance on
the particular form and approaches needed for using these settings.

* Theepisode start date (EP1 _ STDATE), episode start time (EPI _STTI ME), episode duration in hours
(EPI _RUNLEN), and the episode number of days (EPI _NDAY) all must be set to cover the modeling
episode. Note that SMOKE can only be run for periods contained within a single calendar year. It
cannot, for example, start in December of 1996 and run through January of 1997. Two separate episodes
would need to be set up in this case, with the first ending on December 31, 1996, and the second
starting on January 1, 1997.

» The start date of the first run period needs to be set using the G_STDATE and ESDATE settings. The
G_STDATE isthe year and Julian day setting used by the SMOKE programs; in our example above,
G_STDATE would be set to 1996183, since July 1 isthe 183rd day of 1996. The ESDATE isthe
Gregorian date used in naming the SMOKE intermediate and output files; for our example, ESDATE
would be 19960701. The SMOKE scriptswill usethe EPl _ NDAY setting to automatically loop through
the number of run periodsin the episode, starting with the first G_ STDATE valuein the Assignsfile.
The G_STDATE and ESDATE settings are changed for each run period.

» Therunperiod start time (G_STTI ME) and duration (G_RUNLEN) must al so be set to indicate the start
time and length of each run period. Both values are provided as a number of hours, usingaHHMMSS
(hours, minutes, seconds) format.

Therun period duration (G_RUNLEN) isusually not the same as the episode duration (EPI _ RUNLEN).
For example, if the episode length is 30 days (720 hours), the run period duration setting could be just
1 day (25 hours), 2 days (49 hours), or three days (73 hours) (the reason for the extra hour in each case
is explained below). In the first case, SMOKE would create thirty 25-hourfiles; in the second case,
fifteen 49-hour files; and in the third case, SMOKE would create ten 73-hour files.

» The NDAYS, MSDATE, and MDAYS settings are used for naming files. The NDAY'S setting should be
set to the number of daysin each run period, and is used by default for naming time-based files. The
NDAYS setting is also used along with the EPI _ NDAY setting to loop through the run periodsin the
episode. The MSDATE and MDAY'S settings can be used for naming the meteorology input files, but are
not being used by the default Assigns file provided with SMOKE.

There are afew key things to remember when you are verifying that you have the correct episode settings:
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2.6.4. Chemica mechanisms

2.6.4.

2.6.5.

e SMOKE cannot process emissions over a calendar-year break. Thus, the longest run that can be done
isfor 365 days, with the episode start date being January 1. If amodeling episode spans multiple years,
then adifferent Assigns file, script, and sets of input files must be created for each year.

*  TheAQMs supported by SMOKE aways need one extra hour in each emissionsinput file due to how
they calculate boundary conditions. Therefore, if you are inputting emissions to run a 24-hour period,
the G_RUNLEN setting should be 250000 for 25 hours.

* TheCMAQ, REMSAD, and CAMy models can accept emissionsfilesfor multiple days, but the UAM
must have 25-hour files only. As stated earlier, however, al of these models are often run using 25-
hour files, with one file for each day of the episode.

» All times are associated with a time zone, including the episode and run period start time settings.
These settings must be consistent with the time zone of the meteorology files. If the meteorology data
were created using MM5, the time zone is most likely Greenwich Mean Time (GMT); therefore, the
EPI _STDATE, EPI _STTI ME, G_STDATE, and G_STTI ME settings would have to be provided in
that same time zone. Whatever time zone is inherent in the meteorology files and these date settings
will aso bethetime zone of the dates and timesin the output emissionsfilesfrom SMOKE. Thisensures
that the dates and times of the emissions and meteorology files are consistent for input to the AQM.

Chemical mechanisms

SMOK E can accommodate avariety of chemical mechanismsfor the modelsit supports. From the emissions
processing perspective, the chemical mechanism isthe mapping of the pollutants provided in the emissions
inventory to the species needed by the AQM of interest. For example, the input files for five chemical
mechanisms for the CMAQ model are available for download from the EPA; these mechanismsare Carbon
Bond 4 (CB4), CB4 with particulates, Regional Acid Deposition Model, 2 (RADM2), RADM?2 with par-
ticulates, and a research version of CB4 with toxics.

In Section 4.5.10, “Use a different speciation mechanism or change speciation inputs’ [176], we provide
the settings needed in the Assignsfile to use a different chemical mechanisms with SMOKE. SMOKE is
not constrained to the files available for download. If you need to process other data (e.g., atracer species)
with SMOKE, they can be added to several input files, including the chemical mechanism file, to be output
tothe AQM. Some additionsto chemical mechanismsare easier than others, and we explain how to determ-
ine whether you can create the files you need for your situation. We also give instructions on how to add
speciesto the chemical mechanism files and how to make sure that the inventory pollutants are mapped
to the correct chemical species.

SMOKE users must know what chemical mechanism will be used in the AQM for which the SMOKE
output emissions are intended. Once that has been determined, the following files must be configured to
be consistent with the inventory being used and the chemical mechanism: theinventory table (I NVTABLE),
speciation profiles (GSPRO), speciation cross-reference (GSREF), and the mobile processesfile (MEPROC)
when creating on-road maobile emissions with MOBILE6 through SMOKE.

Layer structures

SMOKE needs information on layer structures for processing elevated point sources plumerisein the

L aypoint program and creating the ASCI | elevated-point-source file (ELEVTS_L or ELEVTS_S) with
the Smkmer ge program. The way SMOKE obtains the layer information differs depending on whether
you are creating emissions using a CMAQ-based or UAM-based approach (see Section 2.5.3, “Model-
ready files’ [25]). For the CM AQ-based approach, SMOKE determinesthelayer structurefrom the structure
included in the header of the GRI D_CRO_3D meteorology file. For the UAM-based approach, SMOKE
does not really need to know the layer structure, except to output it to the ASCI| elevated-point-source
file. Inthis case, there are many settings obtained by Smkmer ge from environment variable names starting
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2.7. Sparse matrix approach to emissions modeling

with UAM . These appear in the REM SAD run scripts provided with SMOKE and must be set to be con-
sistent with the layer information expected by UAM, CAMy, or REMSAD.

2.7. Sparse matrix approach to emissions model-

Ing

The paradigm for atmospheric emissions models prior to SMOKE was a network of pipesand filters. This
meansthat at any given stagein the processing, an emissionsfileincludes self-contained records describing
each source and all of the attributes acquired from previous processing stages. Each processing stage acts
asalfilter that inputs astream of these fully-defined records, combinesit with datafrom one or more support
files, and produces a new stream of these records. Redundant data are passed down the pipe at the cost of
extral/O, storage, data processing, and program complexity. Using thismethod, all processing isperformed
one record at atime, without necessarily a structure or order to the records.

This old paradigm came about as away to avoid repeatedly searching through datafilesfor needed inform-
ation, which would be very inefficient. It is admirably suited to older computer architectures with very
small available memories and tape-only storage, but is not suitable for current desktop machines or high-
performance computers. SMOKE devel opers demonstrated this when the Emissions Preprocessor System
(EPS) 2.0 wasrun on aCray Y-MP. It ran four times slower on the Cray machine (a much faster computer)
than on adesktop 150 MHz DEC Alphastation 3000/300. This paradigm also fostered a seria approach
to the emissions processing steps, as shown in Figure 2.3, “ Serial approach to emissions processing” [30].

Figure 2.3. Serial approach to emissions processing
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The new paradigm implemented in SMOK E came about from analyses indi cating that emissions computa
tions should be quite adaptabl e to high-performance computing if the paradigm were appropriately changed.
For each SMOKE processing category (i.e., area, biogenic, mobile, and point sources), the following tasks
are performed:

» read emissionsinventory datafiles

» optionally grow emissions from the base year to the (future or past) modeled year (except biogenic
sources)

» transform inventory species into chemical mechanism species defined by an AQM

» optionally apply emissions controls (except for biogenic sources)

» model the temporal distribution of the emissions, including any meteorology effects
» model the spatial distribution of the emissions;

* merge the various source categories of emissionsto form input files for the AQM

» at every step of the processing, perform quality assurance on the input data and the results
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Each processing category has its particular complexities and deviations from the above list; these are de-
scribed in Section 2.8, “Area, biogenic, mobile, and point processing summaries’ [33]. For all categories,
however, most of the needed processing steps are factor-based; they are linear operations that can be rep-
resented as multiplication by matrices. Further, some of the matrices are sparse matrices (i.e., most of their
entries are zeros).

SMOKE isdesigned to take advantage of these facts by formulating emissions modeling in terms of sparse
matrix operations, which can be performed by optimized sparse matrix libraries. Specificaly, theinventory
emissions are arranged as a vector of emissions sorted in a particular order, with associated vectors that
include characteristics about the sources such as the state/county and SCCs. SMOK E then creates matrices
that apply the control, gridding, and speciation factors to the vector of emissions. In many cases, these
matrices are independent from one another, and can therefore be generated in parallel and applied to the
inventory inafinal “merge” step, which combinestheinventory emissionsvector (now an hourly inventory
file) with the control, speciation, and gridding matrices to create model-ready emissions. Figure 2.4,
“Parallel approach to emissions processing” [31] shows how the matrix approach allowsfor amore parallel
approach to emissions processing, in which fewer steps depend on other needed steps.

Note that in Figure 2.4, “ Parallel approach to emissions processing” [31], temporal allocation outputs
hourly emissionsinstead of atemporal matrix. Thisisbecause of some peculiaritieswith temporal modeling
for point sources, which can use hourly emissions asinput data. To be able to overwrite the inventory
emissions with these hourly emissions, the temporal alocation step must output the emissions data. The
matrix approach is used internally in the temporal allocation step.

The growth and controls steps shown in Figure 2.4, “Parallel approach to emissions processing” [31] are
optional. If the inventory is not grown to a future or past year, then the temporal allocation step uses the
original inventory vectorsto calculate the hourly emissions.

Figure 2.4. Parallel approach to emissions processing
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Several benefits can be realized from this more parallel approach. For example, given a single emissions
inventory, temporal modeling is performed only once per inventory and episode (though in practice, this
step is often performed once per episode day). Also, gridding matrices typically need only be calculated
once per inventory and model grid definition, without having to reprocess other steps. As shown in Fig-
ure 2.5, “Processing steps for running an additional grid in SMOKE” [32], SMOKE usually needsto rerun
only the gridding and merge steps to process a different grid for the same inventory. The merge step in the
figurewill read the previoudly created resultsfrom the temporal all ocation, chemical speciation, and control
processing steps.

Figure 2.5. Processing steps for running an additional grid in SMOKE
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In addition, speciation matrices need only be calculated once per inventory and chemical mechanism.
Similar to the gridding example, Figure 2.6, “ Processing stepsfor running an additional chemical mechanism
in SMOKE” [32] shows the SMOKE steps that generally need to be rerun for running an additional
chemical mechanism.

Figure 2.6. Processing steps for running an additional chemical mechanism in SMOKE
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A final example of how this approach is beneficial is processing with a control strategy. Because of
SMOKE's parallel processing, changing a control strategy requires only the control and merge steps to be
processed again (Figure 2.7, “Processing steps for running a control scenario in SMOKE” [32]). In serid
processing, on the other hand, the growth and controls step occurs as the second processing step, which
requiresthat all downstream steps beredone. In Figure 2.7, “ Processing steps for running acontrol scenario
in SMOKE” [32], the speciation, temporal allocation, and gridding steps have already been run, and can
be fed to the merge step without being altered or regenerated.

Figure 2.7. Processing steps for running a control scenario in SMOKE
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Although SMOKE processing generally follows the structure shown in Figure 2.4, “ Parallel approach to
emissions processing” [31], there are some exceptions. In the list below, we summarize these exceptions
and provide references to the sections of this chapter where these exceptions are explained and shown

through diagrams. These exceptions are also described in more detail in Section 2.8.2, “Area-source pro-
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cessing” [34], Section 2.8.3, “Biogenic-source processing” [37], Section 2.8.4, “ Mobile-source processing
using Mobile6” [38], and Section 2.8.6, “Point-source processing” [54].

» On-road mobileprocessingwith MOBI L E6: Oneway of processing on-road mobile-source emissions
isto have SMOKE run the MOBILE6 model based on hourly, gridded meteorology data. To run a
different grid or control strategy using this approach, users usually need to run anumber of additional
processing stepsthat we have not yet discussed. These differencesfrom the standard processing approach
are described in Section 2.8.4, “Mobile-source processing using Mobile6” [38].

» Biogenics processing: Biogenics processing uses different processors than those for anthropogenic
sources. The emissions from biogenic sources are based on land use data and meteorol ogy datainstead
of on actual emission inventories. For more information, please see Section 2.8.3, “ Biogenic-source
processing” [37].

e Toxics processing for different chemical speciation mechanisms: Toxics processing may require
some special processing steps during import of the inventory data when integrating the criteria and
toxicsinventories. This step depends on which chemical speciation approach is going to be used.
Therefore, when changing the toxics speciation mechanism, it is sometimes necessary to rerun the data
import step. See Section 2.9.5, “ Combine toxics and criteriainventories’ [63] for more information.

» Point-source processing for CMAQ or MAQSI P versusUAM, REM SAD, or CAM: Point-source
processing for CMAQ or MAQSI P uses some different programsthan processing for UAM, REM SAD,
or CAMy. In some cases, it may be necessary to rerun several programsin order to run for one model
rather than another. Further details on this additional processing can be found in Section 2.8.6, “ Point-
source processing” [54].

» Adding hour-specific or day-specific point-source data: If you want to add hour-specific or day-
specific point-source data after apoint source run has already been performed, several processing steps
must be rerun. Further details on thisadditional processing can befound in Section 2.8.6, “ Point-source
processing” [54].

2.8. Area, biogenic, mobile, and point processing
summaries

2.8.1. Summary of SMOKE processing categories

Each SMOKE processing category is defined by its source characteristics, which correspond to the iden-
tifiers used in creating the emission inventory (e.g., state/county FIPS code and SCC). The processing
categories also have source attributes, which are the other useful datain the emission inventories that
SMOKE uses; exampl es are point-source flue gas exit height and temperature. Source characteristics define
the sources as area, biogenic, mobile, or point sources and also distinguish one source in the inventory
from another. Source attributes are additional data about the source that do not contribute to the source’s
uniqueness in SMOKE. We have previously described in Section 2.3.1, “Inventory datatypes’ [11] the
datatypes and the data attributes that are contained in the inventories that SMOKE uses. In the subsections
bel ow, we summarize the source characteristics of area, biogenics, mobile, and point sources. Please refer
to Table 2.1, “Inventory source categories and SMOKE processing capabilities and categories’ [13] for
more information about how SMOKE processing categories map to the inventory source categories.

In SMOKE, each processing category is defined by source characteristics as follows:

» Areasourcesaredefined by (1) country, state, and county codes, (2) SCCs, and (3) optionally, grid
cell.
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» Biogenic sour ces are defined differently depending on the type of processing you are using. They can
be defined either by (1) country, state, and county codes and (2) land use code, or by (1) grid cell and
(2) land use code.

» Mobile sources are defined by (1) country, state, and county codes, (2) SCCs, and optionally (3) link
codes.

» Point sour ces are defined by (1) country, state, and county codes, (2) plant/facility codes, and (3)
characteristics 1 through 5, one of which must be the SCC.

2.8.2. Area-source processing

In SMOKE, there are two major processing routes that you can take for area sources: the typical route and
the pregridded data route. (Recall that by “area sources’ in SMOKE we mean stationary area/nonpoint
sources and nonroad maobile sources.)

2.8.2.1. Typical route

Thetypical routeinvolves processing dataidentified by country/state/county codesand SCCs. The processing
steps vary depending on whether you are doing base-case processing or future- or past-year processing.
The stepsfor base-year processing are shown in Figure 2.8, “ Base case area-source processing steps’ [34].
In Figure 2.4, “Parallel approach to emissions processing” [31], we also included the major intermediate
vectors and matrices; please refer to that diagram for those details. The inventory import step reads the
raw emissions data, screens them, processes them, and converts the raw data to the SMOKE intermediate
inventory file (inventory vectorsin Figure 2.4, “Parallel approach to emissions processing” [31]). The
emissionsin the inventory file are subdivided to hourly emissions during temporal allocation; assigned
chemical speciation factors during speciation, and assigned spatial allocation factors during gridding. The
merge step combines the hourly emissions, speciation matrix, and gridding matrix to create model-ready
emissions.

Figure 2.8. Base case area-source processing steps
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In Figure 2.9, “Future- or past-year growth and optional control area-processing steps’ [35], we show the
area-source processing steps for future- or past-year processing. This processing issimilar to the base-year
processing flow, except the growth and controls step is added to create the growth matrix and optionally
one or more control matrices. The grow inventory step applies the growth matrix to convert the base-year
inventory to afuture or past year. Also, the control matrix can optionally be used in the merge step to apply
control factorsto the future- or past-year emissions. The steps shown with dotted lines represent steps that
can be reused from the base-year processing because they do not depend on any of the new steps.




2.8.2. Area-source processing

Figure 2.9. Future- or past-year growth and optional control area-processing steps
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Finally, inventory controls aswell as growth can be applied at the front end of processing if such ascheme
is needed (Figure 2.10, “Alternative future- or past-year growth and control area-processing steps’ [36]).
This method permits up to 80 growth and/or control matrices to be applied to an inventory, whereas the
method shown in Figure 2.9, “ Future- or past-year growth and optional control area-processing steps’ [35]
alows only one control matrix in the merge step, although any number of growth matrices on the front
end. The processing scheme shown in Figure 2.10, “Alternative future- or past-year growth and control
area-processing steps’ [36] can therefore be useful when mixing and matching many control strategies for
simulations.
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Figure 2.10. Alternative future- or past-year growth and control area-processing steps
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In sections later in this chapter, we describe the SMOKE programs that are needed for each of these pro-
cessing steps and additional details about what activities are accomplished during each step. These sections
are

e Section 2.9, “Inventory import” [60]

e Section 2.10, “Tempora processing” [74]

e Section 2.11, “Chemical speciation processing” [80]

e Section 2.12, “Spatial processing” [84]

e Section 2.13, “Growth processing” [88]

e Section 2.14, “Control processing” [91]

e Section 2.19, “Creating model-ready emissions’ [109]
e Section 2.20, “Quality assurance” [110]

2.8.2.2. Pregridded data route

The second processing approach for area sources involves using pregridded data. As indicated in Sec-
tion 2.8.1, “Summary of SMOKE processing categories’ [33], area sources can be specified by grid cell
instead of by country/state/county code and SCC. This optional approach to modeling area sources requires
the inventory emissions data to be gridded prior to inventory import. The gridded area sources do not have
country/state/county codes or SCCs, and can be provided viaan I/O API time-independent gridded data
file. The flow diagramsthat describe thistype of processing areidentical to thosein Figure 2.8, “Base case
area-source processing steps’ [34], Figure 2.9, “ Future- or past-year growth and optional control area-
processing steps’ [35], and Figure 2.10, “Alternative future- or past-year growth and control area-processing
steps’ [36]. Although the gridding step is quite trivial when the grid cell numbers are already specified,
the gridding step must still be run to create a gridding matrix required for the merge step.
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The disadvantage of using pregridded emissions for area-source processing is that there are no coun-
try/state/county codes and SCCsto usein the cross-referencing of any processing step. Therefore, temporal
profiles, speciation profiles, growth factors, and control factors must be applied uniformly across the
model grid by pollutant.

Biogenic-source processing

SMOKE biogenic emissions modeling can be accomplished with two different approaches to the science
used. Thefirst is the Biogenic Emissions Inventory System, version 2 (BEIS2) approach, which uses an
adaptation of the BEIS2 model that fits within the data flows of SMOKE and works with the meteorol ogy
and AQM s used with Models-3. The second approach uses version 3.09 or version 3.14 of BEIS. For either
approach, the processing schemeisthe same (Figure 2.11, “ Biogeni c-source processing steps and interme-
diatefiles’ [37]). The raw land use inventory data are imported and output as normalized emissions. Met-
eorology adjustments are then applied to the normalized emissionsto create hourly model-ready emissions
estimates.

Figure 2.11. Biogenic-source processing steps and intermediate files
Land Use Normalized Meteorology Model-ready
Import Emissions Adjustments Emissions

( Program ) | File | Shows inﬂt:r output

For BEIS2 processing, the land use import can start with either the county-total land use data or gridded
land use data. In both cases, the land use import step produces the same gridded normalized emissions
output file (BGRD), which contains gridded time-independent emissions for groups of land use biomass
data. The emissions are computed using emission factors from either a summer or winter emission factor
lookup table, which are specific to BEIS2. BEIS2 processing uses the BELDZ2 land use categories. It is
also possible to use the BELD3 land use datain BEIS2 processing by applying the Beld3to2 SMOKE
utility described in Section 5.3, “Beld3to2” [209]. M eteorol ogy adjustments and asingle chemical speciation
profile are applied to these normalized emissions to calculate model-ready emissions.

For BEIS3 processing, the land use import can start only with gridded BEL D3 land use data and uses
BEIS3 summer and winter emission factors. In Section 2.18, “ Biogenic processing” [108], we provide addi-
tional details about the SMOKE programs used for BEIS2 and BEIS3 processing and their capabilities.

For both BEIS2 and BEIS3, avariation can be run on the processing steps shownin Figure 2.11, “Biogenic-
source processing steps and intermediate files’ [37] (see Figure 2.12, “ Biogenic-source processing steps
and intermediate files using both winter and summer emission factors’ [38]). In this variation, some grid
cells use summer emission factors and some use winter emission factors. Thisisuseful during the changes
of seasons. Based on guidance from EPA, the summer emissions factors should be used for time periods
after the last frost of the spring until the first frost of the fall, and winter emission factors should be used
at other times of the year. To make such assignments by grid cell, the SMOKE utility M etscan analyzes
the meteorology data for the entire year (or the period of interest) to establish which days each grid cell
should use winter and summer emission factors. M etscan creates awinter/summer switch file that indicates
the appropriate season for each grid cell for each day. More information on M etscan is available in Sec-
tion 5.11, “Metscan” [217]. The results of the meteorology analysis can then be used in the Figure 2.12,
“ Biogenic-source processing steps and intermediate files using both winter and summer emission
factors’ [38] processing approach, in which both the summer and winter normalized emissionsare provided
to the meteorol ogy adjustments step, along with the winter/summer switch file. The resulting model-ready
emissions data have used the winter emission factorsfor all grid cells of the domain that have experienced
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the first freeze date of the year but not the last (within acalendar year, thisis the time periods January
through March and November through December in many regions), and the summer emission factors for
all grid cells between the last and first freeze dates.

Figure 2.12. Biogenic-source processing steps and intermediate files using both winter
and summer emission factors
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In Section 2.18, “Biogenic processing” [108] we describe the SMOKE programs that are needed for each
of these processing typesfor both BEIS2 and BEI S3 processing, and additional details about what activities
are accomplished during each step.

Mobile-source processing using Mobile6

SMOKE providestwo ways of processing mobile sources using Mobile6. (Recall that by “mobile sources”
in SMOK E we mean on-road mobile sources.) The first approach is to compute mobile emissions values
prior to running SMOKE and provide them to SMOKE as input; we call this the precomputed-emissions
approach. The second approach is to provide SMOKE with VMT data, meteorology data, and MOBILE6G
inputs, and have SMOKE compute the mobile emissions based on these data; thisis called theVMT ap-
proach. These approaches are not mutually exclusive, soit ispossibleto provide both precomputed emissions
and VMT datato SMOKE and have the system compute only some of the emissions using MOBILES.
Both processing approaches can produce criteria, particulate, and toxics emissions results.

The precomputed-emissions approach is quite similar to the processing method for area sources. In fact,
Figure 2.8, “Base case area-source processing steps’ [34], Figure 2.9, “Future- or past-year growth and
optiona control area-processing steps’ [35], and Figure 2.10, “Alternative future- or past-year growth and
control area-processing steps’ [36] from Section 2.8.2, “Area-source processing” [34] show exactly the
processing steps needed for processing mobile sources using SMOKE and the precomputed-emissions
approach. As in base-case processing for area sources, emissions in the inventory file are subdivided to
hourly emissions during temporal allocation, assigned chemical speciation factors during speciation, and
assigned spatid allocation factors during gridding. The merge step combinesthe hourly emissions, speciation
matrix, and gridding matrix to create model-ready emissions. For future- or past-year processing, the growth
and controls step is added to create the growth and control matrices, whilethe grow inventory step converts
the inventory from the base year to afuture or past year. The control matrix can be optionally used in the
merge step to apply control factorsto the future- or past-year emissions. Notethat, unliketheVMT approach,
in the precomputed-emissions approach SMOKE will not model the variationsin emissions caused by
temperature, humidity, or other meteorological settings.
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TheVMT approach is much different from the precomputed-emissions approach. Figure 2.13, “Base case
mobile VMT approach processing steps’ [39] summarizesthe VMT approach. First, VMT data (both link
and county-total) by road class and vehicletypeareinput to SMOKE. The chemical speciation step computes
the chemical speciation factors for each county, road class, vehicle type, emissions process (e.g., exhaust
start, exhaust running, evaporative, hot soak, diurnal), and pollutant and stores the necessary factors for
thistransformation. The gridding step allocates the link sourcesto grid cells and uses spatia surrogatesto
allocate county-total emissionsto grid cells, storing the factors needed for these allocations. The gridding
step also creates “ ungridding” factors which are used to create county-based meteorology datain the met-
eorology processing step.

Before the meteorology processing, aMOBILEG setup program is run which uses inventory and grid in-
formation to create inputs for the meteorology processing step. The meteorology processing step uses in-
formation from the MOBILES setup step and the “ungridding” factors created by the gridding step to
compute county-specific hourly temperatures, barometric pressures, and humidity values, which are fed
tothe MOBILESG.2 driver to compute hour-specific emission factors. The temporal allocation step combines
the VMT and emission factors and makes other temporal adjustments to obtain hour-specific emissions
for each emissions process. Finaly, the merge step combines the hourly emissions, spatial allocation
factors, and chemical speciation factors to calculate model-ready emissions.

Figure 2.13. Base case mobile VMT approach processing steps
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In addition to base-case processing, theVMT approach can a so be used for future- or past-year processing
and for control cases. Figure 2.14, “Future- or past-year growth and control mobile-source processing
steps’ [40] summarizes the steps needed for such processing. In addition to the stepsin Figure 2.13, “Base
case mobile VMT approach processing steps’ [39], the grow inventory step is used to grow theVMT data
tothefutureyear. Inthe MOBILES driver step, the system can use MOBILES.2 entriesthat contain settings
for the future/past year, as well as control settings such as those related to inspection and maintenance
programs.
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Figure 2.14. Future- or past-year growth and control mobile-source processing steps
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In sectionslater in this chapter, we describe the SMOKE programsthat are needed for each of the processing
stepsjust described for mobile sources, and additional details about what activities are accomplished during
each step. These sections are:

» Section 2.9, “Inventory import” [60]

» Section 2.10, “Temporal processing” [74]

» Section 2.11, “Chemical speciation processing” [80]

» Section 2.12, “Spatial processing” [84]

» Section 2.13, “Growth processing” [88]

» Section 2.14, “Control processing” [91]

» Section 2.16, “On-road mobile-source processing with MOBILEG" [98]
» Section 2.19, “Creating model-ready emissions’ [109]

» Section 2.20, “Quality assurance” [110]

Processing mobile sources involves anumber of conceptsthat are unigque to mobile sources. Theseinclude
thelink optional source characteristic, aspecial approach for on-road mobile SCCs, special codes used for
road classes and facility types, road typesin MOBILE6, SMOKE and MOBILESG vehicle types, emissions
processes, MOBILE6 emission factors, reference counties, and the use of gridded meteorology data. The
following subsections explain these topics in more detail.

2.8.4.1. Links

Mobile sources have an optional source characteristic known aslink sources. For SMOKE purposes, links
are straight road segmentswithin acounty and are defined by starting and ending lat-lon or UTM coordinates.
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Curved roads must be broken into several straight segments to approximate the curved shape. A Geograph-
ical Information Systems (GIS) program and atravel demand model are typically used to perform link-
source input preparation; these activities are not integrated into SMOKE. The link coordinates must be
provided as input datato SMOKE if you want to use link data. This approach provides the advantage of
improved spatial allocation for model-ready emissions, because theVMT and therefore emissions are as-
signed directly to grid cells using the coordinates, rather than relying on spatial surrogates.

In SMOKE, links are identified by 15-character a phanumeric link 1Ds, which must be unique for each
combination of FIPS code and SCC. SMOKE containsits own line-grid intersection routine to allocate the
link emissions into each grid cell. The links are allocated to the cells by the fraction of length of each
segment within each grid cell; this allocation is performed by the Grdmat program, which assumes that
VMT or emissions data are uniformly distributed over the link.

2.8.4.2. Special approach for on-road mobile SCCs

SMOKE handles SCCs differently for on-road mobile sources compared with all other source categories.
SMOKE programs assume that on-road mobile SCCs have the following form:

22 VWW X RRR.
¥ v v N

Identifies Vehicle yUnused Road class
mobile sources code code

The Smkinven program populates SMOKE's internal fields for vehicle type (vehicle code) and road type
by extracting them from the SCC and converting the 3-digit road class to the 2-digit road type (using the
mapping provided in the MCODES file). During cross-referencing for any mobile-source processing step,
SMOKE builds internal SCCs of the form:

10000 RR.VVVV
¥ v N

Unused Roadway  Vehicle code
type

These internal SCCs are created by SMOKE for both the inventory file and the cross-referencefile.

Therefore, any information included inthe unused “X” portion of theinventory SCC will beignored during
the cross-referencing. If you refer to the on-road mobile cross-referencing hierarchies provided with each
program that uses cross-referencing in Chapter 6, SMOKE Core Programs [225], the vehicle type and road
type are a part of the hierarchy, but the inventory SCC codeis not. The internal SCCs are used so that the
correct hierarchy can be used (in which the vehicle type is a more specific descriptor). See Section 2.3.5,
“Source Classification Codes’ [19] for adescription of the“left to right” hierarchy of the parts of an SCC.

In some cases, SMOKE errors and warnings that appear when processing on-road mobile sources will
contain the internal SCC instead of the source’s inventory SCC. The information provided in this section
can help you determine which sourceis actually a concern.

Although the“ X" portion of theinventory SCC is not used as part of the cross-referencing assignmentsin
SMOKE, it isimportant that any SCC that appears in the cross-reference file also appear in the inventory
in exactly the same way. Thisis because SMOKE filters the cross-reference files before using them by
comparing the SCC in the cross-reference file to the complete list of SCCsin the inventory. This compar-
ison considers the “ X" portion of the SCC, and if the SCC that you want to useisin the cross-reference
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with adifferent “X” than what isin the inventory, the cross-reference record will be dropped and will not
be applied to the sources.

2.8.4.3. Road classes and facility types

The Aerometric Information Retrieval System (AIRS) AMS road class code is the same as the last three

digitsin the 10-digit SCC expected by SMOKE. Within SMOKE, the road classis stored as the two-digit
combination of the areatype code and facility type code. Descriptions of the road classes and their associated
numeric codes are as given in Table 2.2, “AMS road class and corresponding area and facility type” [42].

Table 2.2. AMS road class and corresponding area and facility type

Name AIRSAMS Areatype | Facility type
road class code code
code
Rural Interstate 110 0 1
Rural Principal Arterial 130 0 2
Rural Minor Arteria 150 0 6
Rural Major Collector 170 0 7
Rural Minor Collector 190 0 8
Rural Local 210 0 9
Urban Interstate 230 1 1
Urban Freeway 250 1 2
Urban Principal Arteria 270 1 4
Urban Minor Arterial 290 1 6
Urban Collector 310 1 7
Urban Local 330 1 9

2.8.4.3.1. Road types in MOBILEG

MOBILEG6 can model five different road types: freeway, arterial, local, freeway ramp, and none (used for
emission processes that are not road dependent, such as exhaust start and hot soak). Table 2.3, *Road class
and corresponding MOBILEG road type” [43] indicates how the 12 road classeslisted in Table 2.2, “AMS
road class and corresponding area and facility type” [42] are mapped to the five MOBILES types. Local
roads can be modeled using either (1) MOBILEG's|ocal road type, which applies an average speed of 12.9
mph, or (2) the arterial road type and the average speed given in the mobile-source inventory.
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Table 2.3. Road class and corresponding MOBILESG6 road type

Name

MOBILEG6 Road Type

Rural Interstate

freeway, freeway ramp

Rural Principal Arterial arterial

Rural Minor Arteria arterial

Rural Major Collector arterial

Rural Minor Collector arterial

Rural Local local or arterid

Urban Interstate freeway, freeway ramp
Urban Freeway freeway, freeway ramp
Urban Principal Arteria arterial

Urban Minor Arterial arterial

Urban Collector arterial

Urban Local local or arteria

Note that SMOKE assumesthat a portion of theVMT data supplied for interstates and freeways are attrib-
utable to freeway ramps. Therefore, SMOKE computes a composite emission factor from the freeway and
freeway ramp emission factors from MOBILE6 and maps the composite to the interstates and freeways.

2.8.4.4. Vehicle types

Thevehicletypesused in SMOKE’s on-road mobile source processing are described in Table 2.4, “Vehicle
type codes and descriptions’ [43]. The codes (e.g., 0100) should be used in the cross-reference files.

Table 2.4. Vehicle type codes and descriptions

Code Description
0100 LDGV: Light Duty Gasoline Vehicles
0102 LDGT1: Light Duty Gasoline Trucks 1
0104 LDGT2: Light Duty Gasoline Trucks 2
0107 HDGV: Heavy Duty Gasoline Vehicles
3000 LDDV: Light Duty Diesel Vehicles
3006 LDDT: Light Duty Diesal Trucks
3007 HDDV: Heavy Duty Diesel Vehicles
0108 MC: Motorcycles

2.8.4.4.1. Vehicle types in MOBILEG6

MOBILESG produces emission factorsfor atotal of 28 vehicle types. For SMOKE to assign these emission
factors to the mobile sources, the emission factors must be aggregated to the eight vehicle typeslisted in
Table 2.4, “Vehicle type codes and descriptions’ [43]. To perform this aggregation, the emission factors
for each MOBILEG6 vehicle type are weighted by the percentage of VMT assigned to that vehicle type
(using thedefault MOBILE6 values or values assigned by theVM T FRACTIONS command), then summed
over the vehicletypesto create emission factorsfor the eight SMOKE vehicletypes. Table 2.5,“MOBILE6
vehicle type and corresponding SMOKE vehicle type” [44] lists the MOBILES vehicle types and the cor-
responding SMOKE vehicle types.
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Table 2.5. MOBILES6 vehicle type and corresponding SMOKE vehicle type

M OBILES6 Vehicle Types SMOKE Vehicle
Type

LDGV: Light Duty Gasoline Vehicles (Passenger Cars) LDGV
LDGT1: Light Duty Gasoline Trucks 1 (0-6,000 Ibs. GVWR, 0-3,750 |bs. LVW) |LDGT1
LDGT2: Light Duty Gasoline Trucks 2 (0-6,000 Ibs. GVWR, 3,751-5,750 |bs. LVW) |LDGT1

LDGT3: Light Duty Gasoline Trucks 3 (6,001-8,500 Ibs. GVWR, 0-5,750 Ibs. LDGT2
ALVW)

LDGT4: Light Duty Gasoline Trucks4 (6,001-8,500 Ibs. GVWR, >5,751 1bs. ALVW) |LDGT2
HDGV 2b: Class 2b Heavy Duty Gasoline Vehicles (8,501-10,000 |bs. GVWR) HDGV
HDGV 3: Class 3 Heavy Duty Gasoline Vehicles (10,001-14,000 Ibs. GVWR) HDGV
HDGV4: Class 4 Heavy Duty Gasoline Vehicles (14,001-16,000 Ibs. GVWR) HDGV
HDGV5: Class 5 Heavy Duty Gasoline Vehicles (16,001-19,500 Ibs. GVWR) HDGV
HDGV6: Class 6 Heavy Duty Gasoline Vehicles (19,501-26,000 Ibs. GVWR) HDGV
HDGV?7: Class 7 Heavy Duty Gasoline Vehicles (26,001-33,000 Ibs. GVWR) HDGV
HDGV8a: Class 8a Heavy Duty Gasoline Vehicles (33,001-60,000 Ibs. GVWR) |HDGV

HDGV8h: Class 8b Heavy Duty Gasoline Vehicles (>60,000 Ibs. GVWR) HDGV
HDGB: Gasoline Buses (School, Transit, and Urban) HDGV
LDDV: Light Duty Diesel Vehicles (Passenger Cars) LDDV
LDDT12: Light Duty Diesel Trucks 1 and 2 (0-6,000 Ibs. GVWR) LDDT
LDDT34: Light Duty Diesel Trucks 3 and 4 (6,001-8,500 Ibs. GVWR) LDDT
HDDV 2b: Class 2b Heavy Duty Diesel Vehicles (8,501-10,000 Ibs. GVWR) HDDV
HDDV 3: Class 3 Heavy Duty Diesel Vehicles (10,001-14,000 Ibs. GVWR) HDDV
HDDV4: Class 4 Heavy Duty Diesel Vehicles (14,001-16,000 Ibs. GVWR) HDDV
HDDV5: Class 5 Heavy Duty Diesel Vehicles (16,001-19,500 Ibs. GVWR) HDDV
HDDV6: Class 6 Heavy Duty Diesel Vehicles (19,501-26,000 Ibs. GVWR) HDDV
HDDV7: Class 7 Heavy Duty Diesel Vehicles (26,001-33,000 Ibs. GVWR) HDDV
HDDV 8a: Class 8a Heavy Duty Diesel Vehicles (33,001-60,000 Ibs. GVWR) HDDV
HDDV 8b: Class 8b Heavy Duty Diesel Vehicles (>60,000 |bs. GVWR) HDDV
HDDBT: Diesel Transit and Urban Buses HDDV
HDDBS: Diesel School Buses HDDV
MC: Motorcycles (Gasoline) MC

2.8.4.5. Emission processes

SMOKE can useall of the emissions-forming processes modeled in the MOBIL E6 model. These processes
are the following.

* EXR: exhaust running emissions

» EXS: exhaust engine start emissions (trip start)
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e HOT: evaporative hot soak emissions (trip end)

» DNL: evaporative diurna emissions (heat rise)

* RST: evaporative resting loss emissions (leaks and seepage)

e EVR: evaporative running loss emissions

» CRC: evaporative crankcase emissions (blow-by)

* RFL: evaporative refueling emissions (fuel displacement and spillage)
e BRK: particulate matter from brake component wear

* TIR: particulate matter from tire wear

“Emission types’ arethe combinations arising from combining the above emission-forming processeswith
each of the pollutants output by MOBILES, for example, EXR__NOX or EVR__TOG. Each emission type
is associated with emission factors produced by the MOBILE6 emission factor model. SMOKE currently
supports many process-and-pollutant combinations that are output by MOBILES; the list below indicates
which pollutants can be combined with each process. Note that the list below does not include the user-
defined toxics pollutants generated by using the ADDITIONAL HAPS command in SMOKE. Note also
that only one hydrocarbon output can be used at atime (e.g., either VOC or TOG [total organic gases] but
not both). In the examples below, TOG could be replaced with any of the other hydrocarbon pollutants
available from MOBILES: total hydrocarbons (THC), non-methane hydrocarbons (NMHC), VOC, TOG,
or hon-methane organic gases (NMOG).

e EXR: all pollutants except particulates from brake and tire wear

« EXS: CO, NOX, TOG, BENZENE, MTBE, BUTADIENE, FORM, ACETALD, ACROLEIN
* HOT: TOG, BENZENE, MTBE

* DNL: TOG, BENZENE, MTBE

e RST: TOG, BENZENE, MTBE

« EVR: TOG, BENZENE, MTBE

» CRC: TOG

* RFL: TOG, BENZENE, MTBE

* BRK: BRAKEZ25, BRAKEPMC

* TIR TIRE25, TIREPMC

2.8.4.6. MOBILEG6 emission factors

Emission factors are created in SMOKE using MOBILES, for awide variety of emission processes and
pollutants. Some of the MOBILEG input commands implement control strategies (e.g., inspection and
maintenance [I/M] programs, antitampering programs [ATPs], and reformulated gas [RFG]). Other MO-
BILEG6 inputs define other factors contributing to the value of the emissions factors, such as vehicleregis-
trations (which help define the mix of different vehicle types), fuel volatility parameters, speeds, and
temperature. All of these different dependencies make mobile emissions processing more complex than
other types of sources.
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2.8.4.7. Reference counties

When running MOBILESG, each county in the mobile inventory is assigned a reference county using the
MCREF file. All counties with the same reference county will use the same MOBILESG input scenario. The
MOBILES input scenario defines many aspects to be modeled, including I/M programs, ATPs, and fuel
parameters.

For asingle county, SMOKE duplicates the MOBILESG input scenario for all speedsin the inventory. It
then inserts county-specific temperature, barometric pressure, and humidity data (see Section 2.8.4.8, “Use
of gridded meteorology data’ [46]), replaces speed information, and runs MOBILE6. The hourly emission
factors are then matched to the individual sources and stored.

2.8.4.8. Use of gridded meteorology data

SMOKE retainsits performance benefits when processing mobile sources through the use of “ungridded”
county-based meteorology data. SMOKE cal cul ates averaged temperature, humidity, and barometric
pressure data by averaging the individual datain the grid cells intersecting each county, weighted by the
fraction of theVMT inthat county intersecting those grid cells. The ungridding isimplemented by building
an “ungridding matrix”, MUMAT, which must be created by the Grdmat program.

Because the MOBIL E6 emission factors used by SMOKE are significantly influenced by temperature and,
to alesser extent, humidity, the most desirable approach from an accuracy standpoint isto model mobile
emissions using gridded, temporalized datafrom ameteorological model. However, to retain the performance
benefits of source-based SMOKE processing, SMOKE has been designed to “ungrid” the meteorology
datato get county-based data. For processing of all kinds, SMOKE expects data from one of the gridded,
hourly meteorology files MET_CRO 2D or MET_CRO_3D. The MET_CRO_2Dfileisused for ground,
1.5-meter, or 10-meter temperature data. The MET_CRO_3D datafileis used for ambient temperature,
barometric pressure, and water vapor mixing ratio data. These data can be used to cal cul ate absolute and
relative humidity data needed for MOBILE6. For on-road mobile processing, the surface temperature from
the MET_CRO_2Dfileisusually used along with the pressure and mixing ratio datafromthe MET_CRO 3D
file; these files must be combined into a single file using the M etcombine utility (see Section 5.10,
“Metcombine” [216]).

MOBILES has the ability to use 24-hour temperature profiles, 24-hour relative humidity data, and daily
barometric pressure data. SMOKE uses the gridded meteorology data to create these profiles for each
county in the inventory. To save processing time, SMOKE can create spatially or temporally averaged 24-
hour temperature and humidity profiles, resulting in fewer MOBILES runs.

» Spatial averaging: For each reference county, SMOKE can either create separate temperature and
humidity profiles for each inventory county, or it can create one profile by averaging datafrom all
counties sharing the reference county. Note that al counties sharing the same reference county are
usually within the same state, so this kind of spatial averaging would not result in averaging counties
from different states.

» Temporal averaging: Using thistype of averaging, SMOKE can create a 24-hour temperature and
humidity profile for each day of the episode (no averaging), or atemperature and humidity profile for
each week or month in the episode. Finally, SMOKE can create one temperature and humidity profile
for the entire episode, averaging over al days within the episode.

Options for spatial and temporal averaging of meteorology data are independent by county, and are set in
the MWREF settingsfile.
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2.8.5. Mobile-source processing using MOVES

The SMOKE-MOVES Integration tool prepares the meteorological datafor use by MOVES and SMOKE,
convertsthe MOV ES | ookup tablesinto the format needed by SMOKE, and processes the MOV ES |ookup
tables (SMOKE formated) through the SMOKE modeling system to generate average/real-time hourly
gridded meteorology data.

The approach for running MOV ES for SMOKE relies on the concept of representative reference counties
and reference fuel months, that are coveredin Section 2.8.5.1, “ Reference Counties’ [48] and Section 2.8.5.2,
“Reference Fuel month” [49]. The concept of reference county refers to running MOVES for asingle
county, which is the reference county, to represent itself and other counties that share the same MOVES
input parameters and thus have the same emission rates for any given speed, temperature and humidity. A
reference fuel month similarly refersto arepresentative fuel month's MOV ES run that containsthe temper-
atures that occur in neighboring months as well as the reference month. The mapping of calendar months
to areference month should be assigned on the basis of shared fuel parameters, becauseit istheinteraction
of fuel and temperature that is important. For example, an average-hourly temperature of 70°F may occur
in some hour of any day in each of four months. May, June, July and August. If those four months share
the samefuel properties (i.e. summer fuel) then an emission factor will be determined for just the reference
month, reducing by afactor of four the number of calculations that MOV ES needs to perform.

Unlike MOBILE6, MOVES differentiates between on-roadway emission processes and off-network
emission processes. Figure 2.15, “MOVES mobile onroad processing steps’ [47] summarizesthe approach
used by MOV ES for on-roadway mobile sources. The on-roadway emission process includes county-total
VMT and average speed inventory asinput. The on-roadway emission process does not require the meteor-
ology processing step since MOV ES reads real meteorology data from MCIP files. The off-network
emission processes use the county-total vehicle population by vehicletypeasinput. Figure 2.16, “MOVES
mobile off-network processing steps’ [48] summarizes the approach used by MOVES for off-network
mobile sources.

Figure 2.15. MOVES mobile onroad processing steps
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Figure 2.16. MOVES mobile off-network processing steps
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In sectionslater in this chapter, we describe the SMOKE programsthat are needed for each of the processing
steps just described for MOV ES processed mobile sources, and additional details about what activities are
accomplished during each step. These sections are:

e Section 2.9, “Inventory import” [60]

e Section 2.10, “Temporal processing” [74]

e Section 2.11, “Chemical speciation processing” [80]

e Section 2.12, “ Spatial processing” [84]

e Section 2.17, “Mobile-source processing with MOVES’ [103]
e Section 2.19, “Creating model-ready emissions’ [109]

Processing mobile sourcesinvolves anumber of concepts that are unigque to mobile sources. Theseinclude
aspecial classification of road typesin MOVES, SMOKE and MOV ES vehicle types, emissions processes,
MOVES emission factors, reference counties, reference fuel months, and meteorol ogical processing using
M et4moves. The following subsections and section 2.17 explain these topics in more detail.

2.8.5.1. Reference Counties

The approach for running MOVES for SMOKE relies on the concept of reference counties. These are
counties that are used during the creation and use of emission rates to represent a set of similar counties
(i.e., inventory counties) called a county group. The purpose of the reference county isto reduce the com-
putational burden of running MOV ES on every county in your modeling domain. By using areference
county, the user generates key emission rates for the single county in MOV ES and then utilizes these
factorsto estimate emissions for all counties in the county group through SMOKE. The reference county
ismodeled at arange of speeds and temperatures to produce emission rate lookup tables (grams/mile or
grams/vehicle/hour, depending on mobile emission process). The variablesthat are assumed to be constant
across the county group members (and the reference county) are fuel parameters, fleet age distribution and
inspection/maintenance (I/M) programs. The variables that can vary within the county group are vehicle
milestraveled (VMT), source type vehicle population, roadway speed, and grid cell temperatures. Determ-
ining the reference counties and their respective county groupsis a key aspect of utilizing the SMOKE-
MOVEStooal. Itisideal for the user to create each county group based on the similarity between the county
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2.8.5. Mobile-source processing using MOVES

characteristics (e.g., urban and rural) and the meteorological conditions (e.g., temperature and relative
humidity). The user should avoid grouping counties that have significantly different meteorological condi-
tions.

2.8.5.2. Reference Fuel month

The concept of afuel month is used to indicate when a particular set of fuel properties should be used in
aMOVES simulation. Similar to the reference county, the fuel month reduces the computational time of
MOVES by using a single month to represent a set of months. To determine the fuel month and which
monthsit correspondsto, the user should review the State-provided fuel supply datainthe MOV ES database
for each reference county. If the fuel supply data change throughout the year, then group the months by
fuel parameters. For example, if the grams/mile exhaust emission ratesin January areidentical to February's
rates for a given reference county, then use a single fuel month to represent January and February. In other
words, only one of the months needs to be modeled through MOVES.

2.8.5.3. Meteorological Data Processing

The meteorological data preprocessor program M etdmoves prepares spatially and temporally averaged
temperatures and relative humidity data to set up the meteorological input conditions for MOVES and
SMOKE using the Meteorology-Chemistry Interface Processor (MCIP) output files.

M etdmoves must be run after M CI P and before SMOKE and MOVES.
The following are the major processing steps that M etdmoves performs:

» Read the reference county cross-reference file MCXREF that contains alist of reference counties and
the county groups that map to those reference counties.

» Read the surrogate description file SRGDESC and alist of associated spatial surrogate(s) chosen for
usein selecting grid cells.

» Determinealist of grid cells for each county. Only the selected grid cells are used to estimate the
min/max temperatures, 24-hour temperature profiles, and RH over the user-specified modeling period.

e Set the dates of the modeling episode in local time using the flags STDATE and ENDATE

» Determinethe averaging method AVERAG NG _METHOD chosen by the user to create 24-hour temper-
ature profiles (i.e., MONTHLY).

» Determine the fuel month for the reference county using the MFMREF input file.

* Read the country/state/county COSTCY file to define the time zones for county groups.
* Read the meteorology data that have been processed by M CIP.

e Calculate the min/max temperatures hourly and over the modeling period.

» Calculate average RH for the specified hour range over the modeling period. The default hour range
isfrom 6 AM to 6 PM local time).

*  Oncemin/max temperatures and averaged RH are estimated for all reference countiesand all inventory
counties in the county groups, estimate diurnal 24-hour temperature profiles for use by the MOVES
driver script. Theresult is anormalized 24-hour shape profile over the user-specified period or fuel
month.
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2.8.5.4. MOVES Emission Processes

When the MOVES mode runs as apart of the SMOKE-MOVES integration tool, it runsfor al emissions
processes (or modes), including on-road and off-network emissions processes, for the selected pollutants.
Off-network emission processes (e.g., parked engine-off, engine starts, and idling, and fuel vapor venting)
in MOV ES are hour-dependent due to vehicle activity assumptions built into the MOV ES model; the
emission rate depends on both hour of the day and temperature. On-roadway emission processes (e.g.,
running exhaust, crankcase running exhaust, brake wear, tire wear, and on-road evaporative), on the other
hand, do not depend on hour. In MOV ES, these emi ssion processes are categorized into three major groups:

» RatePerDistance (RPD) - The emission rate of on-roadway vehicles(i.e., driving) from MOVES. The
rate is expressed in grams/mile traveled.

» RatePerVehicle (RPV) - The emission rate of vehicles off-network (e.g., idling, starts, refueling,
parked) from MOVES. Therate is given in grams/vehicle/hour.

» RatePerProfile (RPP) - The emission rate of vehicles off-network specificaly, the evaporation from
parked vehicles (vapor-venting emissions) from MOVES. Therateis expressed in grams/vehicle/hour.

2.8.5.4.1. MOVES Model Look-up Tables

MOVES emission rate tables are organized into three tables(RPD, RPV, RPP), depending on emission
mode or process and whether the vehicle is parked or in motion. The approach to running MOVES for
SMOKE is unique for each emission rate table listed in Table 2.6, “MOVES Organization of Emission
Processes into Emission Rate Tables’ [50]. A complete inventory must use the emission rates from all
three tables.

Table 2.6. MOVES Organization of Emission Processes into Emission Rate Tables

Emission Rate
Lookup Table Units smokeProcl D Emissions Process
RatePerDistance Grams/mile EXR Running Exhaust
(RPD) CXR Crankcase Running Exhaust
TIR Tire Wear
BRK Brake Wear
EVP On-road Evaporative Permeation
EFL On-road Evaporative Fuel Leaks
EFV On-road Evaporative Fuel Vapor Venting
RatePerVehicle Grams/vehicle/hour EXS Start Exhaust
(RPV) CXS Crankcase Start Exhaust
EVP Off-network Evaporative Permeation
EFL Off-network Evaporative Fuel Leaks
CEl Crankcase Extended Idle Exhaust
EXT Extended |dle Exhaust
RatePerProfile Grams/vehicle/hour EVF Off-network Evaporative Fuel Vapor
(RPP) Venting

The Rate Per Distance (RPD) lookup tableis used to provide estimates of on-roadway emissions processes
from mobile sources, using a separate file for each reference county. The on-road running processes that

appear in thistable include running exhaust (EXR), crankcase running exhaust (CXR), brake wear (BRK),
tirewear (TIR), on-road evaporative permeation (EV P), on-road evaporative fuel leaks (EFL), and on-road
evaporative vapor venting (EFV). The units of the emission rates in this table are grams/mile. The lookup
fields for the factors are temperature and average speed. There are 16 set speed bins defined in Table 2.7,
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“MOVES Default Speed Bins’ [51] (i.e., avgSpeedBinlD 1=2.5mph, 2=5mph, 3=10mph, ...16=75mph).
The avgBinSpeed is used for interpolation in the RPD table.

The Rate Per Vehicle (RPV) lookup table is used to provide estimates of off-network emission processes
(parked engine-off, engine starts, and idling), except for the evaporative off-network rts, and idling), except
for the evaporative off-network vapor venting emissions process. A separate file is provided for each ref-
erence county. The off-network emission processes include start exhaust (EXS), crankcase start exhaust
(CXY9), off-network evaporative permeation (EVP), off-network evaporative fuel leaks (EFL), extended
idleexhaust (EXT), and crankcase extended idle exhaust (CEI). Fuel month, temperature, and local hourl D
arethelookup fieldsin thistable, and hours arein thelocal time of the countylD. The units of the emission
rates are grams/vehicle/hour. Note: Although the units are grams/vehicle/hour, the number of vehicles(i.e.,
population) should not be temporally alocated to hoursin SMOKE. Instead, a county total of vehicle
population should be multiplied by emission rates at any given hour. The number of starts per vehicle by
hour is already accounted for in the MOV ES lookup table.

The Rate Per Profile (RPP) table is used only to estimate emissions for off-network fuel vapor venting
(EFV) when the vehicle is parked. This process type includes diurnal (when the vehicle is parked during
the day) and hot soak (immediately after atrip when the vehicle parks) emissionstypes. The process depends
on the rate of rise in temperature and the maximum temperature achieved during the day for the diurnal
emissions type, and on the hourly temperatures for the hot soak emission type. The lookup fields for this
table are reference fuel month and hour of day. Aswith the RPV table, the units of the emission rates are
grams/vehicle/hour. The estimated emissions rates need to be multiplied by the county vehicle population.

The reference county |ookup tables contain 24-hour emission rates per hour per vehicle using areference-
county temperature profile with different minimum and maximum temperatures. The average day county
emissions are determined by interpolating between the minimum and maximum temperaturesfor the county
listed in the M et4moves output file for SMOKE.

Table 2.7. MOVES Default Speed Bins

avgSpeedBinld avgBinSpeed AvgSpeedBinDesc

25 speed < 2.5mph
2 5 2.5mph < speed < 7.5mph
3 10 7.5mph < speed < 12.5mph
4 15 12.5mph < speed < 17.5mph
5 20 17.5mph < speed < 22.5mph
6 25 22.5mph < speed < 27.5mph
7 30 27.5mph < speed < 32.5mph
8 35 32.5mph < speed < 37.5mph
9 40 37.5mph < speed < 42.5mph
10 45 42.5mph < speed < 47.5mph
11 50 47.5mph < speed < 52.5mph
12 55 52.5mph < speed < 57.5mph
13 60 57.5mph < speed < 62.5mph
14 65 62.5mph < speed < 67.5mph
15 70 67.5mph < speed < 72.5mph
16 75 72.5mph < speed
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Thefollowing Table 2.8, “MOVES List of Pollutants associated with emissions processes Snoke-
Procl Ds” [53] gives the available MOVES pollutants and associates them with emission processes
(smokeProcl Ds) from the MOVES model. The information is used to create the MEPROC input file that
contains the list of MOVES emission processes and associated pollutants for Spcmat.
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Table 2.8. MOVES List of Pollutants associated with emissions processes SnokePr ocl Ds

SMOKE
Name

smokeProcl Ds

EXR

EXS

CXR

CXS

CEl

EXT

EVP

EFV

EFL

BRK

TIR

RFV

RFS

THC

NMHC

NMOG

TOG

vOC

X | X[ X ]| X| X

X | X[ X | X | X

X | X[ X ]| X| X

X | X[ X ]| X| X

X | X[ X | X | X

Cco

NOX

NH3

NO

NO2

SO2

PM100M

PM10EC

PM10S0O4

X | X | X[ X|X]|X|[X|[X]|X]|X|X|[X]|X]|X

XX X[ X[ X[X[X|[X|[X[X|[X|[X]|X]|[X

XX | X[ X|X]|X|[X|[X]|X]|X|X|[X]|X]|X

XX | X[ X|X]|X|[X[X]|X]|X|X|[X]|X]|X

X | X | X[ X|X]|X|X|[X]|X]|X|X|X]|X]|X

XX | X[ X|X]|X|[X|[X]|X]|X|X|[X]|X]|X

PM10BRAKE

PM10TIRE

PM250M

PM25EC

PSO4

PNO3

NH4

PMFINE

PMC

X | X | X[ X| X]| X | X

X | X | X | X| X| X | X

X | X | X[ X| X| X | X

X | X | X | X | X| X | X

X | X | X | X| X| X | X

X | X | X | X| X]| X | X

PM25BRAKE

PM25TIRE

CH4

N20

Atmos. CO2

CO2 Equival-
ent

X | X | X | X

X | X | X | X

x

BENZENE

Ethanol

MTBE

NAPHTH

X | X | X | X

X | X | X | X

X | X | X | X

X | X | X[ X

X | X | X | X

BUTADIE

FORMALD

X | X | X| X| X]| X

X | X | X| X| X]| X

X | X | X | X| X]| X

X | X | X | X| X]| X

X | X | X[ X| X]| X

X | X | X| X| X]| X
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SMOKE smokeProcl Ds

Name EXR|EXS|CXR|CXS| CEl |EXT |EVP|EFV |EFL |BRK| TIR |RFV | RFS
ACETALD X X X X X X
ACROLEI X X X X X X

2.8.6. Point-source processing

Point-source emissions processing in SMOKE focuses on converting annual, daily, or hourly emissions
to hourly, gridded model-ready emissions of the chemical species used by an AQM. Recall that by “point
sources’ in SMOKE we mean point sources in the usual sense plus wildfires with/without precomputed
plumes. SMOKE processing may be performed either with or without growth and control of emissions.
SMOKE can process both criteriaand toxics inventories for point sources and combine consistent criteria
and toxicsinventoriesin onerun (asexplained in more detail in Section 2.9.5, “Combinetoxicsand criteria
inventories’ [63]).

Point-source processing can be performed using a CM AQ-based approach or a UAM-based approach, as
previously described in Section 2.5.3, “Model-ready files’ [25]. The processing stepsfor CMAQ base-year
processing are shown in Figure 2.17, “Base case point-source processing steps for the CMAQ-based ap-
proach” [54]. In Figure 2.4, “Parallel approach to emissions processing” [31], we also included the major
intermediate vectors and matrices; please refer to that diagram for those details.

Figure 2.17. Base case point-source processing steps for the CMAQ-based approach
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Theinventory import step reads the raw emissions data, screens them, processes them, and converts the
datato the SMOKE intermediate inventory file (inventory vectorsin Figure 2.4, “ Parallel approach to
emissions processing” [31]). The import can optionally include day-specific and hour-specific data. The
emissionsin the inventory file are subdivided to hourly emissions during temporal allocation; assigned
chemical speciation factors during speciation, and assigned spatial allocation factors during gridding. The
plume-rise computation estimates vertical plume rise of emissions sources and computes the fraction of
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emissions from the sources to go into the model layers. The results of these steps are combined in amerge
step, which creates model-ready filesfor CMAQ or MAQSIP.

Users may optionally choose to select specific sources to be elevated sources and/or PinG sources. If this
approach is taken, the selection process can depend on daily-total emissions summed from the Tempor al
output files. Hence, Figure 2.17, “Base case point-source processing steps for the CMAQ-based ap-
proach” [54] shows that the el evated-source selection may optionally depend on the output from the
Temporal program. If elevated-source selection is being included, the plume-rise computation uses that
information to skip the point sources that have not been selected as elevated. Thus, plumeriseis only
computed for the elevated sources. The elevated-source selection also providesits results to the merge
step, which iswhere the special PinG datafilesfor CMAQ are created in addition to the 3-D model-ready
file.

Figure 2.18, “Base case point-source processing steps for the UAM-based approach” [55] describes base-
case processing for the UAM-based approach. For this type of modeling, the elevated-source selection
step isrequired, and the plume rise computation is not performed. Otherwise, the major processing steps
are the same as for the CMAQ-based approach.

Figure 2.18. Base case point-source processing steps for the UAM-based approach
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In Figure 2.19, “Future- or past-year growth and control point-source processing steps for the CMAQ-
based approach” [56], we show the point-source CMAQ-based processing steps for future- or past-year
processing. This processing is similar to the base-year processing flow, except the growth and controls
step in added to cal culate the growth and control matrices. The grow inventory step is added to convert
the inventory from the base year to a future or past year. The control matrix can optionally be merged to
apply control factorsto the future- or past-year emissions. The steps shown with dotted lines represent
steps that can be reused from the base-year processing because they do not necessarily depend on any of
the new steps. However, if the elevated-source selection isto be performed based on the grown emissions,
then the elevated-source selection and plume rise computation steps would need to be redone. Note that
usually the same elevated-source list is used in both the base- and future-year modeling.
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Figure 2.19. Future- or past-year growth and control point-source processing steps for
the CMAQ-based approach
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Growth and control can also be used for UAM-based processing (Figure 2.20, “Future- or past-year growth
and control point-source processing steps for the UAM-based approach” [57]). Aswith the other figures,
the dotted lines indicate steps that may be reused from the base-case processing. If the elevated-source
sel ection depends on the grown emissions then you will need to regenerate the el evated-sourcelist, though
it isthe usual practice in modeling to use the same elevated-source list in both the base- and future-year
modeling. This alows the air quality modeling results to be more comparable.
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Figure 2.20. Future- or past-year growth and control point-source processing steps for
the UAM-based approach
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Aswith area sources, you may apply many growth and control matrices at the front end of processing. The
area-source diagram for this approach was provided as Figure 2.10, “Alternative future- or past-year growth
and control area-processing steps’ [36], and the point-source approach is quite similar, with the addition
of the elevated-source selection and plume rise computation steps.

In sectionslater in this chapter, we describe the SMOKE programs that are needed for each of the processing
steps just discussed and additional details about what activities are accomplished during each step. These
sections are;

» Section 2.9, “Inventory import” [60]

» Section 2.10, “Temporal processing” [74]

» Section 2.11, “Chemical speciation processing” [80]

» Section 2.12, “ Spatial processing” [84]

» Section 2.13, “Growth processing” [88]

» Section 2.14, “Control processing” [91]

» Section 2.15, “Elevated-source processing” [95]

» Section 2.19, “Creating model-ready emissions’ [109]
» Section 2.20, “Quality assurance” [110]

Point-source processing includes a number of additional featuresthat are not applicable for other SMOKE
source categories:

Flexible source definitions

Stack parameters

Day- and hour-specific emissions

Different approaches for elevated sources for different AQMs, including the use of PinG sources
Elevated-source selection

Wild and prescribed fires point sources

ok wdE
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2.8.6.1. Flexible source definitions

Depending on the input format of the point-source emissions (e.g., IDA, EMS-95, SMOKE ORL), the set
of characteristics that are used to uniquely identify a point source can be different. For example, the IDA-
formatted inventories define a point source using a country, state, and county code, an SCC, a plant iden-
tifier, astack number, a point identifier, and a segment number. The Emissions Modeling System, 95

(EM S-95), however, identifies a source using a FIPS state/county code, aplant code, astack code, adevice
code, and a process code. To better support the formats and be adaptable if new formats are created in the
future, SMOKE uses a flexible definition of point sources. This definition consists of the following source
characteristics to uniquely define the sources:

» Country, state, and county code
e Plant ID (15 characters or less)
e Characteristics 1 through 5 (each 15 characters or less)

Depending on the input format, SMOKE assigns different variables from the input format to the parts of
the SMOKE point-source definition. For example, for EMS-95 input format, the SMOKE plant ID comes
from the EMS-95 facility ID. The assignments for the remaining characteristics are as follows:

IDA format and SMOKE ORL format:

e Char 1: Point ID

e Char 2: Stack ID

e Char 3: Segment ID
e Char 4: SCC

e Char 5: unused

EMS-95 format:

e Char 1: Stack ID

e Char 2: DeviceID
e Char 3: Process|D
e Char 4: unused

e Char 5: unused

The meaning of these source characteristics for agiven inventory type needs to be considered when cross-
reference files are created, if cross-reference entries other than state/county and SCC-specific entries are
provided.

2.8.6.1.1. Point definition header row in cross-reference files

Asjust described, SMOKE uses aflexible definition of point sources. Thisdefinition may or may not include
the SCC (athough SCC is aways at least a source attribute). Cross-reference files for point sources can
contain source-specific records, and they usually use the SCC to perform the needed assignments during
emissions processing. For the files to be self-describing, they use a header that indicates the number of
characteristicsin addition to the plant | D that are being used in the cross-reference file. This number needs
to be consistent with the number of point-source characteristics used in the inventory files. In addition, the
header indicates which, if any, of the point-source characteristics is the SCC. This header starts with the
characters /POINT DEFN/, and the files that use it describe it as part of the file format definition in
Chapter 8, SVIOKE Input Files [365].
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2.8.6.2. Stack parameters

Several of the source attributes for point sources are stack parameters - specificaly, the stack height, stack
diameter, and the stack flue gas exit temperature, velocity, and flow rate. SMOKE can use hourly data for
the stack flue gas exit temperature, velocity, and flow rate when using the CM AQ-based approach to
modeling with SMOKE computing hourly plume rise. The hourly stack parameters cannot be used when
modeling using a UAM-based el evated-point-source approach.

During the Smkinven program’s import of the stack parameters from the annual or average-day inventory
file (i.e., not the hourly stack parameters), SMOKE needsto read or assign stack parameters for all point
sources. Section 2.9.9, “Fill in and check point-source stack parameters’ [69] explainsin greater detail
what the Smkinven program does with stack parameters. The hourly stack parameters are read in without
modification or adjustment.

2.8.6.3. Day-specific and hour-specific emissions

Emissionsfrom point sources are sometimes available as day- or hour-specific values. Smkinven canimport
the day- and hour-specific data, and it can also convert the hour-specific data to hour-specific temporal
profiles. When these data are available, the Temporal program overrides the annual or daily emissions
with the most specific data available. If day-specific data are available, Temporal uses them to overwrite
the annual or average-day emissions during the time periods that these data are available. If hour-specific
data are available, Temporal uses them to overwrite the annual, average-day emissions, or day-specific
emissions data.

2.8.6.4. Different approaches for elevated sources for different AQMs

Asintroduced in Section 2.5.3, “Model-ready files’ [25], there are two different major approaches for
creating emissions inputs to AQMs: the CMAQ-based approach and the UAM-based approach. The two
approaches differ only on how point sources are being treated. In the CMAQ-based approach, SMOKE
calculatesthe plumerise using an algorithm based on a Briggs plumerise formulation. SMOK E then includes
the vertical distribution of the point-source emissions in the 3-D model-ready file for CMAQ or MAQSIP.
For the CMAQ model only, SMOKE can also create two special PinG files: one to identify the sources,
their locations, and their stack parameters, and the other to provide the hour-specific emissions for just
these sources. In the UAM-based approach, SMOKE creates a special elevated-point-source file that both
identifies the elevated and PinG sources and includes the hourly emissions values for those sources.

PinG sources arethose sourcesthat will betreated in greater detail by the AQM. In simpleterms, theAQMs
preprocess the chemistry of the plume emissions before those emissions are provided to the AQM grid
cellsand layers. The intent of the PinG approach isto provide more accurate modeling at and around very
large point sources.

Section 2.15, “Elevated-source processing” [95] describesin greater detail the steps taken by SMOKE in
the layer fraction processing using a Briggs formulation and the elevated and PinG source selection.

2.8.6.5.Wild and prescribed fires point sources

You may also either provide either precomputed point-source plumeriseto SMOKE or internally compute
plume rise using acres burned and fuel loading of fires with both the CMAQ-based and UAM-based ap-
proachesto modeling point sources. Precomputed plumerise point sources are called explicit plume sources.
This capability was implemented for modeling wildfire sources as point sourcesin SMOKE using plume
rise computed with a different approach from the Briggs-based approach used for stack-based plumes
(Section 4.5.18, “Plume Rise Calculation for Fires’ [198]). Theinput datafor this approach arethefraction
of emissionsin layer 1, the bottom of the plume, and the top of the plume. SMOKE distributesthe emissions
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acrossthelayers by weighting the emissions by the pressure difference in each layer over thetotal pressure
difference between the top and bottom of the plume.

For the UAM-based modeling approach, the file format does not readily allow you to provide precomputed
plumerise; in fact, the entire premise of the format isthat the AQM will compute the plumerise. To enable
you to provide precomputed rise for the UAM-based modeling approach, the Smkmer ge program creates
an ASCII elevated-point-source file with an imaginary stack for each layer of each source (e.g., each
wildfire). The stack parameters of the imaginary stack are set to values that will ensure a zero plumerise
will be computed for the stack, and the x-y location of the stacks are the same for al imaginary stacks
representing the same source. The emissions associated with the imaginary stacks are provided based on
the emissionsvaluesthat areto be entered in each layer for the source. The emissionsfor layer 1 arewritten
in the point-source file to the imaginary stack associated with layer 1, and the same is done for al of the
other layers. SMOKE uses a zero value for the imaginary stack when the emissions from a given source
are not in alayer for an hour or when the source stops (e.g., once awildfire ends). While not particularly
elegant, this approach permits providing precomputed plume riseto the UAM-based model swithout having
to change those models.

2.9. Inventory import

Theimporting of emission inventory and related dataiis the first processing step needed for any emissions
processing effort. The Smkinven program imports data for anthropogenic sources, the Rawbio program
imports BEIS2 land use data for biogenic sources, and the Nor mbeis3 program imports BEIS3 land use
data for biogenic sources. In this section, we focus on the import of the anthropogenic inventories using
Smkinven. The biogenic import is further described in Section 2.18, “Biogenic processing” [108].

Smkinven performs many types of activities during import of the anthropogenic inventories. Though the
primary purpose isreading the datafrom ASCI| formats and outputting and I/0 APl SMOKE intermediate
inventory, there are many other actions that need to be performed duringthe inventory import stage of
processing. These actions are the following:

1. Check that the formats of the input files are correct and consistent, and ensure that all data can be
read properly.

2. Assign pollutant names to datainput by code numbers.
3. Sdect pollutants from the input files to keep for further SMOKE processing.

4.  When multiplefilesare provided, combineall annual and/or average-day datainto aconsistent invent-
ory. Thisincludes checking for duplicates and possibly aborting, depending on program options set
by the user.

5. Combinetoxicsand criteriainventories, and eliminate duplicate mass using either an integrate or no-
integrate approach.

6. Sort the inventory records into the order expected by other SMOKE programs.
7. Aggregate or disaggregate toxics emissions data as specified by user inputs.

8. Assign point-source locations to area sources, when available.

9. Fill inand check point-source stack parameters.

10. Convert stack locations from UTM to lat-lon.

11. Optionally ensure that lat-lon coordinates are in the Western Hemisphere.
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12.

13.

14.

15.

16.

17.

18.

Convert units of emissions and activities to the units used in the SMOKE intermediate inventory.
Set the weekday averaging approach.

Assign country codes, years, and time zones.

Handle inventories that have data for multiple years.

Set the base year.

Report results of import including pollutant totals for toxics data and other information needed for
quality assurance.

Import day-specific and hour-specific data, if available, and ensure that records in these files match
inventory records provided in the annual or average-day inputs.

In the following subsections, we describe what SMOKE does for each of these activities.

2.9.1. Check the correctness and consistency of input file

formats

Smkinven can read the following ASCI| formats for annual and average-day inventory data:

Inventory Data Analyzer format: The IDA format is the SMOKE input format that is most similar
to the NEI “flat file” format. EPA typically preparesthe IDA format for officially released versions of
the NEI. Thereisadifferent IDA format for each source category: area (including nonroad mobile),
point, and on-road mobile.

SMOKE ORL format: This set of input formats is used for inputting point, nonpoint, on-road, and
nonroad HAP emissionsinventories, also called toxics emission inventories. Thereisadifferent SMOKE
ORL format for nonpoint, point, nonroad mobile, and on-road mobile sources.

EMS-95 format: These are input formats used for EM S-95. They are provided to allow EMS-95 users
to input their datato SMOKE. There are different formats for area(including nonroad mobile), point,
and on-road mobile sources. The EM S-95 formats must be used in conjunction with the list format
(below).

List format: Thisisthe input format used to provide multiple files of the previous three typesto
Smkinven in asingle run. Thisformat is simply an ASCI| file that contains alist of other files.

Gridded 1/0 API format: Thisformat isagridded I/O API file for allowing the import of pregridded
data. This approach is described more in Section 2.8.2.2, “Pregridded data route” [36].

Smkinven ensuresthat all file formats provided to SMOKE are correct and include the required datafields.
The formats and their required fields are provided in Chapter 8, SMOKE Input Files [365].

Smkinven also ensuresthat thefileslisted in list format input files do not include incompatibl e file formats.
Usually, only onefile format can be used for one Smkinven run. The major exception to thisrule is that
Smkinven can import the IDA and SMOKE ORL formatsin the same run. The only other minor exception
to theinput ruleisthat the EM S-95 point-source format actually includes five separate formats, which can
be input at the same time, when users follow the instructions about the order of these files provided in
Section 8.2.8, “PTI NV: Point source annual or average day emissions’ [403].
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2.9.2. Assign pollutant names to data input by code num-

bers

2.9.3.

The SMOKE ORL formats use code numbers (usually Chemical Abstracts Service [CAS] numbers) to
distinguish which chemical compound or inventory pollutant is provided on each line of thefile. Smkinven
matches these numbers with the CAS numbers from an inventory table (I NVTABLE) file, described in
Section 8.10.3, “I NVTABLE: Inventory table” [471]. The CAS number does not necessarily have to be a
valid CAS number; it can be any number aslong as there is a match between the numbersin the SMOKE
ORL file and the inventory table. The inventory table provides the inventory data names, such as the pol-
Iutant namesthat SM OK E usesin the remaining processing steps. Note that the SMOK E inventory pollutants
may not beidentical to the pollutantsin the inventory fed to SM OK E because of the aggregati on/disaggreg-
ation that is performed by Smkinven (see Section 2.9.7, “Aggregate or disaggregate toxicsemissions’ [68]
for more information).

For toxics processing, if multipleinventory data names apply for the same CA S number, the Factor column
of I NVTABLE will contain the split factor used by Smkinven to disaggregate the emissionsfrom that CAS
number to multiple inventory data values. If multiple CAS numbers apply for the same pollutant name,
then Smkinven will sum these emissions, but will not report duplicate records unless there are indeed du-
plicatesin the inventory file. Thisis described more fully in Section 2.9.7, “Aggregate or disaggregate
toxics emissions’ [68]. Duplicate reporting is described more in Section 2.9.4, “Check for duplicate re-
cords’ [62].

The use of the inventory data name as the unique pollutant identifier in SMOKE differs from the approach
of EMS-HAR, inwhich the SAROAD codeisthe uniqueidentifier for the pollutantsto be modeled. Because
we anticipated that some toxics pollutantsthat do not have unique SAROAD codes (e.g., divalent particul ate
mercury) would need to be modeled explicitly, we did not want to take this approach. If we had, the user

would have been required to create fake and unique SAROAD codes to be able to model these emissions
explicitly.

Select pollutants from the input files for further

SMOKE processing

2.9.4.

In version 1.5 and higher of SMOKE, users can specify the valid data (pollutants and activities) using the
inventory tablediscussed in Section 8.10.3, “1 NVTABLE: Inventory table” [471], asdescribed in Section 2.9.2,
“Assign pollutant names to data input by code numbers’ [62]. Smkinven will read only those entries that
havea“Y” (for “Yes") in the Keep column of the inventory table. If apollutant hasan “N” (for “No”) in
the Keep column, it will not be output to the SMOKE intermediatefiles, but will beincluded in theinventory
reports that Smkinven creates. If the pollutant is not listed at all in the inventory table, it will be dropped
aswell; Smkinven will also write awarning message and will not include the pollutant in any reporting.
Itisagood work practice for usersto put all pollutants in the input inventory in the inventory table even
if it the pollutant will not be used for the AQM. Use of the | NVTABLE filereplacesthe use of the SI POLS
and ACTVNANS files from previous versions of SMOKE.

Check for duplicate records

In Section 2.9.1, “Check the correctness and consistency of input file formats’ [61], we explained that
Smkinven ensures that the input files are correct and that the same format is used. In addition, Smkinven
checks for duplicate records across the entire set of inventory input files. A duplicate record is one that
has the same source characteristics (defined in Section 2.8.1, “ Summary of SMOKE processing categor-
ies’ [33]) and pollutants as another record in the inventory. Smkinven provides an option that allows you
to instruct Smkinven whether duplicates should cause a warning message or an error. In some cases, you
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2.9.5.

may not expect duplicatesin your inventory, in which case you can have Smkinven abort after reporting
all duplicates. In other cases, you can instruct Smkinven to sum the emissions across all duplicate records.
See Section 6.16, “ Smkinven” [283] for more information on the different approaches.

Combine toxics and criteria inventories

For point, nonpoint, on-road mobile, and nonroad-mobile sources, the toxicsinventory contains emissions
for VOC pollutants that are provided as explicit chemical compounds (for example, benzene). These same
VOC emissions are also included as an aggregated VOC value in the criteria emissions inventory. To use
these inventories together, Smkinven provides the necessary options to ensure that double counting of
VOC emissions will not occur. These two options are the “integrate” and “ no-integrate” options.

The"integrate” option involves subtracting toxic VOC emissions from the criteriaVOC emissionsto avoid
double counting of VOC when the emissions are speciated. With this option the user must ensure that the
sourcesin thetoxicsand criteriainventories match up one-to-one, so that Smkinven can properly compute
the emissions.

Note that in any discussion of the toxics inventory we have assumed that all emissions are annual total
emissions, because the toxicsinventory that is currently available does not include average-day emissions.
We have also assumed that the inventory contains VOC emissions, but the same approach can be used to
process TOG emissions.

Only two chemical mechanisms support combining toxics and criteriainventories, and both are for the
CMAQ model. Thefirst isthe “current-CB4” mechanism, which can refer to either the released version
of CMAQ with CB4, or to an unreleased version that includes mercury. The second chemical mechanism
isthe “toxics-CB4” mechanism, which refers to a different unreleased version of CMAQ that includes
toxics species that have been integrated into the chemical mechanism; these “explicit” toxics species are
formaldehyde, acetaldehyde, acrolein, and 1,3-butadiene. This CMAQ version aso includes benzene as a
separate species, but the benzene chemistry has not been integrated with the chemical mechanism. The
datafiles for these chemical mechanisms are available for download; see Section 3.4, “ Test case data
files’ [132] for more information.

During import of both toxics and criteria emission inventories, SMOKE matches the area/nonpoint, on-
road mobile, and nonroad mobile emission inventories by country/state/county code and SCC. SMOKE
also matchesthetoxics and criteriarecords for the point sources, provided that the point sourcesin the two
inventories use identical fields for their source characteristics. You are required to ensure that the source
characteristics for all source categories match between the two inventories for any sources that you wish
to have matched. Once they are matched, SMOKE will have both a criteriaVOC emissions value and
toxics emission values for individual VOC chemical compounds.

SMOKE can optionally compute a NONHAPVOC value by subtracting the sum of toxics VOC from the
criteriaVOC value. This same approach can be used to create aNONHAPTOG valueif the inventory or
MOBILE6 (when processing on-road mobile emissions using VMT data) uses a TOG value instead of a
VOC vaue. (We will not mention NONHAPTOG again, but it could be used to replace NONHAPVOC
throughout this section).

The case of computing NONHAPVOC is called the “integrate” case because it involves integration of the
VOC mass between the criteriaand toxicsinventories. Likewise, the case of not computing NONHAPVOC
is called the “no-integrate”’ case. The example SMOKE input files are set up to integrate on-road mobile

and nonroad mobile sources except for some SCCs; thisis explained in Section 4.2.1, “nctox case” [139].

With the “integrate” approach, the NONHAPVOC mass and the toxics VOC mass are independent from
one another and will not double count emissions. The cal culation must be performed for each source, and
Smkinven will set the criteriaVOC value to zero when it computes the NONHAPVOC value. Smkinven
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determines which pollutants should be subtracted from VOC using the “VOC or TOG” column in thein-
ventory table (I NVTABLE) file.

2.9.5.1. Affect of NONHAPVOC on chemical speciation

Chemical speciation in SMOKE is greatly affected by the calculation of NONHAPVOC. Although we
have not yet discussed much about chemical speciation, we provide information here about what happens
in Smkinven and what happensin the chemical speciation step for the various possible cases of combining
criteriaand toxicsinventories. Thisisintended to provide you with a complete picture of what happensto
the emissions and sources when Smkinven imports both criteria and toxics inventories.

Since the chemical speciation step involves converting the inventory pollutants to the model species, the
input files to this step must include the NONHAPVYOC pollutant and revised conversion factors that have
been adjusted for the reduced massin NONHAPVOC instead of VOC. The GSREF file is the chemical
speciation cross-reference file and the GSPROfile is the chemical speciation profilesfile. A key concern
with the NONHAPVOC approach is ensuring that the definition of NONHAPVOC isthe samefor the data
import step and the chemical speciation step. To address this concern, the speciation step compares a
header in the GSPROfile with the | NVTABLE settings for defining NONHAPVOC. Thisis explained in
greater detail in Section 2.11, “Chemical speciation processing” [80].

There are some situations in which users cannot or do not want to compute NONHAPVOC from the
emission inventories and hence would want to use the “no-integrate” approach. These situations are as
follows:

e Therearenotoxicsrecordsthat match the criteriarecords. In other words, the county/SCC combination
present in the criteriainventory is not present in the toxicsinventory. In this case, NONHAPVOC
should not be calculated, and the emissions should be left asVOC.

» A particular SCC does not have the toxics mass provided with enough detail to properly compute
NONHAPVOC. For instance, the “commercial marine, residual” SCCsfor “port emissions’ and “un-
derway emissions’ cannot be integrated because they contain the “grouped” pollutant 16-PAH (PAH
stands for polynuclear aromatic hydrocarbons, and 16 refers to the “sum of 16" approach), only part
of whichisVOC. Thereis no way to know how much of 16-PAH isVOC, and subtracting all 16-PAH
emissionswould reduce the emissionstoo much. Consequently, we would want to exclude these SCCs
from having NONHAPVOC computed, and |leave the emissions as VOC. The available toxics data
should still be used to supply emissions to the toxics model species of formaldehyde, acetal dehyde,
acrolein, and 1,3-butadiene.

* A particular state or county has provided toxics emissions data for one or more SCCs, and those data
either are incomplete (not all toxics provided) or were created using a method that is not known to be
consistent with the method used to create the VOC inventory. In this case, the state, county, and SCC
combinations of state-provided data should be excluded from being integrated. The available toxics
data should still be used to supply emissionsto the toxics model species of formal dehyde, acetaldehyde,
acrolein, and 1,3-butadiene.

To accommodate these situations, SMOKE includes a method that permits users to exclude sources from
the NONHAPVOC calculation (the “no-integrate” approach). The NHAPEXCL UDE file, described in Sec-
tion 8.10.6, “NHAPEXCLUDE: NonHAP VOC calculation inclusionsg/exclusionsfile” [474], is used to tell
Smkinven which sources to exclude. Users can specify sources using a cross-reference approach that lists
states, counties, SCCs, and combinations of these to prevent Smkinven from computing NONHAPVOC

for agiven source.

For handling the NONHAPVOC situations, SMOKE accounts for four cases: (1) current-CB4, integrate;
(2) current-CB4, no-integrate; (3) toxics-CB4, integrate; and (4) toxics-CB4, no-integrate. For both of the
CB4 mechnisms, both the integrate and no-integrate cases can be used for different sourcesin the same
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Smkinven run and inventory. The following sections describe how the toxics and criteriainventories can
be combined in these four cases, and the additional key SMOKE processing steps needed in each case.

2.9.5.1.1. Current-CB4, integrate

The current-CB4, integrate case applies when the user believes that substituting toxics VOC mass for part
of the VOC mass, mapping the toxics to the model species, and speciating the non-HAP remainder of the
VOC will improve the emission estimates. This case can be used when all of thefollowing conditions apply:

e VOC and HAP estimates were made on a consistent basis for the given emission source (e.g., same
activity data and modeling approach). For state-provided data, we generally do not know whether the
approach used was consistent; therefore, this case would not usually be applicable to state-provided
data.

» The emissions source has all of the gaseous HAP estimates that are expected.

» If the source emits PAHS, the emissions of the PAH components are reported individually (i.e., not as
aPAH group).

Note that these criteriawill always be true when SMOKE is driving MOBILESG for on-road mobile pro-
cessing, because all of the appropriate VOC HAPs can be computed when running MOBILESG. There will
therefore not be any question about where the data came from or whether they are consistent. For more
information on using MOBILES, please refer to Section 2.8.4, “Mobile-source processing using Mo-
bile6” [38].

When the three above conditions are met for a given source, then the following processing stepswill occur
in Smkinven and other SMOKE programs:

1. Smkinven will compute NONHAPVOC, except when usingVMT only for on-road mobile processing.

2. For on-road mobile sources with VMT data, SMOKE will run MOBILES6 to create NONHAPVOC
and the individual gaseous toxics that come out of MOBILES. For this case, the MOBILES6.2 input
files must include the following specific pollutants using the ADDITIONAL HAPS command:
ethylbenzene, hexane, toluene, xylene, styrene, 2,2,4-trimethylpentane (iso octane), propional dehyde,
and 13 of the 16 “16-PAHS’ (all except benzo(a)pyrene, pyrene, and fluoranthene).

3. SMOKE will use the GSPROfile to map toxics pollutants to standard CB4 species.

4. For the CMAQ version of CB4 that includes mercury, SMOKE will use the GSPROfile to map the
toxics mercury pollutants to the mercury species needed by CMAQ.

5. SMOKE will use the GSPROfile to also map NONHAPVOC to standard CB4 species.

6. SMOKE will usethe GSREF file to assign all pollutants to the appropriate current-CB4 profiles.

2.9.5.1.2. Current-CB4, no-integrate

For the current-CB4, no-integrate mechanism, if one or more of the three criterialisted in Section 2.9.5.1.1,
“Current-CB4, integrate” [65] are not met for agiven source, then “no-integrate” appliesand the following
processing steps will occur in Smkinven and other SMOKE programs:

1. Smkinven will not compute NONHAPVOC; VOC will remain in the inventory for that source, and
the NONHAPVOC value will be zero.

2. SMOKE will use the GSPROfile entries to map VOC to the standard CB4 species (same as current
approach for ozone modeling using CB4).
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3. SMOKE will zero out the toxics VOC pollutants.

4. For the CMAQ version of CB4 that includes mercury, SMOKE will use the GSPROfile to map the
toxics mercury pollutants to the mercury species needed by CMAQ.

2.9.5.1.3. Toxics-CB4, integrate

The toxics-CB4, integrate case handles the situation in which the user wants to use the toxics inventory
for modeling toxics pollutant speciesin CMAQ); these species could either be explicitly part of the chem-
ical mechanism (e.g., formaldehyde), or simply added on as amodel species but not part of the chemistry
(e.g., benzene). In these cases, the non-toxics part of the VOC mass s retained as NONHAPVOC and
mapped to the toxics-CB4 species. The toxicsVOC mass is mapped to either (1) the explicit toxics species
that are a part of the chemistry (formaldehyde, acetaldehyde, acrolein, and 1,3-butadiene), or (2) to other
toxics species (e.g., benzene), and/or (3) to altered CB4 species whose definitions have been altered to
account for the four new mechanism species. If the VOC mass is mapped to the explicit toxics species,
then it is not mapped to anything else, whereasif it is mapped to other toxics species, it can also be mapped
to altered CB4 species. Also, please note that werefer to “altered CB4 species’ to include all CB4 species,
even if some of these did not actually require any adjustments because of the explicit toxics species.

The toxics-CB4, integrate case can be used when all of the following conditions apply:

* VOC and HAP estimates were made on a consistent basis for the given emission source (e.g., same
activity data and modeling approach). For state-provided data, we generally do not know whether the
approach used was consistent; therefore, this case would not usually be applicable to state-provided
data.

» The emissions source has all of the gaseous HAP estimates that are expected.

» If the source emits PAHSs, the emissions of the PAH components are reported individually (i.e., not as
aPAH group).

Note that these criteriawill aways be true when SMOKE is driving MOBILES for on-road mobile pro-
cessing, because all of the appropriate VOC HAPs can be computed when running MOBILES. There will
therefore not be any question about where the data came from or whether they are consistent. For more
information on using MOBILES, please refer to Section 2.8.4, “Mobile-source processing using Mo-
bile6” [38].

When the three conditions just listed are met for a given source, then the following processing steps will
occur in Smkinven and other SMOKE programs:

1.  Smkinven will compute NONHAPVOC, except when usingVMT only for on-road mobile processing.

2. For on-road mobile sources with VMT data, SMOKE will run MOBILES6 to create NONHAPVOC
and the individual gaseous toxics that come out of MOBILES. For this case, the MOBILES.2 input
files must include the following specific pollutants using the ADDITIONAL HAPS command:
ethylbenzene, hexane, toluene, xylene, styrene, 2,2,4-trimethylpentane (iso octane), propional dehyde,
and 13 of the 16 “16-PAHS’ (all except benzo(a)pyrene, pyrene, and fluoranthene).

3. SMOKE will use the GSPROfile to map toxics pollutants to:
« Toxics-CB4 explicit species for formaldehyde, acetaldehyde, acrolein, and 1,3-butadiene
» Toxics-CB4 species for benzene

» Toxics-CB4 VOC species that have been modified from the standard CB4 definitions to account
for explicit formaldehyde, acetaldehyde, acrolein, and 1,3-butadiene
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SMOKE will also usethe GSPROfileto map NONHAPVYOC to VOC speciesthat have been modified
from the standard CB4 definitions to account for explicit formaldehyde, acetaldehyde, acrolein, and
1,3-butadiene.

4. SMOKE will use the GSREF fileto assign all pollutants to the appropriate toxics-CB4 profiles based
on the pollutant and SCC combinations. State/county/SCC combinations are also valid in SMOKE,
although the available data do not have that additional detail.

2.9.5.1.4. Toxics-CB4, no-integrate

2.9.6.

For the toxics-CB4 mechanism, if one or more of the three criterialisted in Section 2.9.5.1.3, “Toxics-
CB4, integrate” [66] are not met for agiven source, then “ no-integrate” appliesand thefollowing processing
steps will occur in Smkinven and other SMOKE programs:

1. SMOKE will not compute NONHAPVOC, VOC will remain in the inventory for that source, and the
NONHAPVOC value will be zero.

2. SMOKE will drop toxics emissions for toxics VOC pollutants if they are not part of the chemical
mechanism or if they are not model species. Note that formaldehyde, acetaldehyde, 1,3-butadiene,
and acrolein will not be dropped because they are part of the chemical mechanism.

3. SMOKE will rename the emissions by appending a“_NOI” (for no-integrate) to the pollutant name
if the toxics pollutant is amodel species but not part of the chemical mechanism (e.g., benzene).

4. SMOKE will use the GSPROfile to map toxics pollutants to toxics-CB4 explicit species for formal-
dehyde, acetaldehyde, acrolein, and 1,3-butadiene.

5. SMOKEwill use“_NOI” entriesin the GSREF and GSPROfilesto map these pollutantsto thetoxics-
CB4 model species (e.g., benzene).

6. SMOKE will use the GSPROfile entries to map VOC to toxics-CB4 species that have been modified
from the standard CB4 definitions to account for explicit formaldehyde, acetaldehyde, acrolein, and
1,3-butadiene.

Note that in this case, if formaldehyde, acetaldehyde, acrolein, or 1,3-butadiene happen to be left out of
the toxics inventory, then the overall mass of the VOC emissions will be reduced, because the VOC mass
is being converted through the GSPROfile to adjusted CB4 species that are without mass for these com-
pounds.

Sort the inventory

When Smkinven reads an inventory, it also puts its sources into a special sorted order prior to outputting
the SMOKE intermediate inventory files. All programs that read Smkinven outputs, which includes most
of the SMOKE programs, expect this order. The order is determined by sorting the source characteristics
listedin Section 2.8.1, “ Summary of SMOKE processing categories’ [33] in ascending order. For example,
area sources will be sorted in order of increasing country/state/county code, and within a single coun-
try/state/county code will be sorted in order of increasing SCC. In Figure 2.21, “Combining and sorting
ASCII inputsto created sorted I/O API outputs’ [68], we show how the sorted order may be completely
different from the order of the files and records provided to Smkinven. The figure shows the unsorted
ASCII input files at |eft (provided to Smkinven by logical files ARI NV, MBI NV, or PTI NV) and how the
records can be rearranged by Smkinven to create the sorted I/O API output files (output from Smkinven
as AREA, MOBL, or PNTS). Each record in this diagram represents a complete inventory record with all
source characteristics, source attributes, and emissions.
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2.9.7.

Figure 2.21. Combining and sorting ASCII inputs to created sorted I/O API outputs

Unsorted ASCII inputs Sorted intermediate inventory
File 1 1 File 3, Record 2
Record 1 2 File 1, Record 3
Rec| File 2 3 File 3, Record 3
Rec R 4 File 2, Record 2

ecord 1 .

A |:|'> 5 File 2, Record 1

ey 6 File 1, Record 1
File 3 7 File 1, Record 2
Record 1 8 File 3, Record 1
Record 2 9 File 2, Record 3
Record 3 ‘
Record 4 L SMOKE source

number

Having this sorted order isimportant because the programs that depend on Smkinven outputs also store
their outputsin the same order. However, these other programs (such as Tempor al for temporal allocation,
Spcmat for chemical speciation, and Grdmat for spatial allocation) store their records using the record
numbersto match their outputs with the Smkinven outputs. This means that the source characteristics that
are stored in the Smkinven outputs are not also included in the outputs from Temporal, Spcmat, Grdmat
and other programs; these programs rely on the sorted order in the Smkinven outputs not changing. This
approach allows minimal redundant data storage, this reducing disk space needs.

Asexplained previously, the records output from Smkinven are vectors of emissionsand source character-
istics that make up the SMOKE intermediate inventory files. Each record number in the file identifies an
element of the vector. The outputsfrom Tempor al are a so vectors of hourly emissions. The record number
in each hourly vector will match the record number in the intermediate inventory files. The outputs from
Spcmat are amatrix of speciation factors, in which the record numbers (rows of the matrix) will match
therecord numbers of the intermediate inventory files. The columns of the matrix are each valid pollutant-
to-speciestransformations. The outputs from Grdmat are a sparse matrix, but again the rows of the matrix
match the rows of the intermediate inventory file. Therefore, assignment of factorsis a simple matter of
selecting the same record number from the Smkinven output files; thisisin fact one part of the vector-
meatrix multiplication used by SMOKE.

It isimportant to remember this sorted-order approach when you have run an inventory through all of the
programs once, and then want to change your inventory and re-import the data with Smkinven. For the
re-importing and subsequent rerun, if any source characteristics in the inventory change, or if any sources
are added or removed, then the number and/or order of the output sourcesin the new Smkinven outputs
will bedifferent. This meansthat the outputs from all processing stepsthat depend on the Smkinven outputs
will need to bererun.

Aggregate or disaggregate toxics emissions

Smkinven also supports aggregation and disaggregation of toxics inventory pollutants to match the input
needs for AQMs. There are two components of this aggregation and disaggregation. The first involves
what to do during inventory import to resolve discrepancies between the inventory content and what data
are most useful for further processing through SMOKE; this topic is addressed in this subsection. The
second issue is conversion of the toxicsinventory to the species needed by the AQM, which is handled by
the Spcmat program in SMOKE, as described in Section 2.11, “ Chemical speciation processing” [80].
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Smkinven uses the inventory table (I NVTABLE) file to determine what aggregation and disaggregation
are needed. The | NVTABLE file can have both multiple pollutant names per CAS number and multiple
CAS numbers per pollutant name. In the first case, Smkinven disaggregates the emissions to two or more
pollutants using the number provided in the “Factor” column of the | NVTABLE file. In the second case,
Smkinven combines the separate records in the inventory into the same pollutant. Depending on the rela-
tionship between the “Keep” column, the“ Pollutant Name,” and the* CAS Number” in the inventory table
file, the reader routines ensure that they will keep emissions only for pollutants (not CAS numbers) with
a“Y” inthe“Keep” column. Smkinven can also tell the difference between two CAS numbers that are
being aggregated for the same source and aduplicate record (two records for the same source with emissions
for the same pollutant).

2.9.8. Assign point-source locations to area sources

2.9.9.

Some area/nonpoint and nonroad mobile sources can be assigned point-source locations instead of being
assigned spatial surrogates. At thistime, the only allowable cases of this are for toxics processing for
nonroad mobile and stationary area/nonpoint sources related to airport emissions processes. Smkinven
has the capability to make such assignmentsfor any area source from both thetoxicsand criteriainventories;
the example file that comes with SMOKE for this purpose (the ARTOPNT file) only contains entries for
the airport emissions processes. Section 3.4, “Test case datafiles’ [132] provides more information about
the example ARTOPNT file provided with SMOKE.

Because airport |ocation dataare readily available, thisfeature gives usersthe ability to model airport-rel ated
area-source emissionsat airport locations, as opposed to spatially allocating themto grid cellsusing spatial
surrogates. Although spatial surrogates could be (and have been) devel oped to reproduce the same or
similar results as the point-source assignments for models such as CMAQ, other modelsthat SMOKE may
eventually support (namely | SCST 3) require that point-source inputsinclude the location coordinates. The
area-to-point assignment feature in SMOKE will support such a need. Note that for large airports and a
small grid, one may want to have the airport emissions gridded using surrogate data since the airport can
be large enough to encompass multiple grid cells. Thus, the user should decide whether and when to use
this area-to-point feature as opposed to gridding using an airport surrogate.

In SMOKE version 1.5 and higher, SMOKE can assign an area source to one or more locationsin acounty.
For example, when multiple airports are in a county, SMOKE adds sources to the inventory and splitsthe
county-total emissions among the locations based on afactor provided in the ARTOPNT file. All sources
remain with the area-source inventory in which they started; they are not moved to a point-source inventory.
Any areasourcesthat are assigned point locations are spatially allocated using those locations, as described
in Section 2.12, “ Spatial processing” [84]. Sourcesthat are not assigned point-source locations are allocated
in the standard way using spatial surrogates.

Fill in and check point-source stack parameters

An additional action taken by the Smkinven program for point sources only isto check stack parameters
and fill them in with valid valuesiif they are missing. Smkinven performs the following steps on stack
parameters from the annual or average-day inventory files, but not the hour-specific stack parametersfile.

» If the stack parameters are zero, Smkinven treats them as missing values and writes the warning mes-
sages.

» If the exit velocity is missing or zero and the exit flow is not, or if the VELOC RECALC optionisY
in the run script, Smkinven automatically calculates the exit velocity using the formula:

velocity = flow / (Tt* diameter?/4)
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2.9.10. Convert coordinates from UTM to lat-lon

» If thestack parametersare not missing or zero, Smkinven ensuresthat their values are within the allowed
ranges. The range for each stack parameter is as follows:
e Height: 0.5to 2100 meters
« Diameter: 0.01 to 100 meters
« Exit temperature: 260 to 2000 K
« Exit velocity: 0.0001 to 500 m/s

When a stack parameter falls outside of its associated range, Smkinven sets it to the top or bottom of
the range, depending on whether it is higher than the upper end of the range or lower than the lower
end. Notethat azero valueisnot treated as an out-of-range parameter, but istreated asamissing value.

* If thestack parametersare missing or zero, Smkinven usesthe PSTK fileto assign new stack parameters
using country/state/county and SCC assignments. The example PSTK file is described in Section 3.4,
“Test case datafiles’ [132].

2.9.10. Convert coordinates from UTM to lat-lon

The SMOKE ORL and EM S-95 point-source formats permit stack coordinates to be provided in UTM or
lat-lon coordinates, and the SMOKE intermediate inventory stores the coordinates as lat-lon values.
Smkinven convertsthe UTM coordinates to lat-lon coordinates using the 1/0 API routine UTM2LL
[http://www.cep.unc.edu/empd/EDSS/ioapi/LL2UTM.html]. Lat-lon coordinates must be provided in
decimal degrees, while UTM coordinates must be provided in meters.

2.9.11. Optionally ensure that lat-lon coordinates are in
the Western Hemisphere

For any lat-lon coordinates input to Smkinven (point-source locations, link coordinates, and area-to-point
coordinates), SMOKE can optionally ensure that the longitude values are in the Western Hemisphere. In
some cases, the data prepared for input to SMOKE do not contain the negative sign on the longitude value
that indicates the Western Hemisphere. If the modeling domain isin the Western Hemisphere, then Smk-
inven will convert all positive longitudes to negative ones when the WEST_ HSPHERE optionissettoY.

2.9.12. Convert units of emissions and activities

Different input formats in SMOKE have different emissions units. The SMOKE intermediate inventory
file stores all annual emissions values from the IDA and SMOKE ORL format in tons/year. These two
formats al so support average-day emissions values, which are stored separately in the SMOK E intermediate
inventory in tons/day. The average-weekday emissions values input from EMS-95 format are also stored
in tons/year, but SMOKE sets an internal variable called TPFLAG so that later SMOKE processing steps
can properly treat the computed “annual” value as an average-day value. The annual VMT data are stored
as miles/year. In all cases, Smkinven converts the units of the input emissions to the units used in the
SMOKE intermediate inventory. When this conversion involves a day-to-year conversion, Smkinven
considers leap years by using 366 instead of 365 days in the year. See Section 8.2, “Inventory Files’ [378]
for information about the units required for each inventory format.

When emissions are provided as average-day values from the IDA or SMOKE ORL formats and these
emissions are then used in later processing steps, SMOKE does not further adjust the emissions using the
monthly profiles. SMOKE assumes that the average-day emissions from these two formats have been ad-
justed to a specific month aready. In addition, when Smkinven is configured using the FI LL_ ANNUAL
option to fill in missing annual values using average-day values, Smkinven sets the TPFLAG internal
variableto indicate that monthly adjustments should not be applied and that the “annual” emissions should
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2.9.13. Set the weekday averaging approach

just be divided by the number of days of the year before being used. Smkinven makes this setting on a
source-by-source basis.

2.9.13. Set the weekday averaging approach

There are two approaches for processing weekly temporal profiles. weekly normalization and weekday
normalization. Although the actual normalization happens during temporal alocation, Smkinven setsthe
approach to use for each source. In the weekly approach, the Temporal program normalizes the weekly
temporal profiles over every day of the week. This approach is appropriate for annual-total inventories or
average-day inventories. Weekday normalization normalizes over just the weekdays (i.e., Monday through
Friday) in the profile, or if the profile indicates no emissions on weekdays, then over just the weekend
days in the profile. This approach is appropriate only for average-weekday inventories. Section 2.10,
“Temporal processing” [74] describes the two forms of weekly profile normalization in more detail.

The default normalization setting for IDA and SMOKE ORL formatsin Smkinven isweekly normalization.
The default normalization setting for EM S-95 inventories is weekday normalization. The default settings
can be changed using the WKDAY_NORMAL | ZE option in the SMOKE run scripts. When this option is set
toY, the sources will be set to instruct Temporal to use weekday normalization, and when this option is
set to N, the sourceswill be set to cause weekly normalization. Smkinven givesawarning when an approach
isbeing used that isinconsistent with the expected approach for the inventory format being used.

2.9.14. Assign country codes, years, and time zones

For all source categories, Smkinven assigns country codes, years, and time zones to inventory files that
do not contain thisinformation in the inventory records.

Since most inventory formats do not include a column for country or year, the country code and year must
be provided in header fieldsin the inventory. because most inventory formats do not include a column for
country or year. Users can provide data for up to 10 countries using as many separate files, or separate
headerswithinasinglefile, asneeded. Theinventory fileformatslisted in Section 8.2, “ Inventory Files’ [378]
provide afurther description of these country-setting headers and the valid country codes.

Users can also provide multipleinventory yearsin asingle Smkinven run. Thisis necessary in some cases
when an inventory for one region (e.g., Canada or Mexico) is unavailable for the same year asthe majority
of theinventory region (e.g., the U.S.). Smkinven storesthe inventory year as part of the source attributes.

In addition to country codes and years, Smkinven assigns atime zone to each source based on the county
associated with the source. Smkinven uses the COSTCY file to get thisinformation. It matches the county
code from the inventory to the county codein thisfile. If acounty codeincluded in theinventory ismissing
from thisfile, or if the time zoneis not provided in the COSTCY file, Smkinven uses the SMK_DE-
FAULT_TZONE setting to obtain a default time zone for sourcesin such a county. In some cases, the time
zone set in the COSTCY fileis an approximation, since counties that are bisected by two time zones have
only the predominant zone represented in thisfile.

2.9.15. Handle inventories that have data for multiple years

In some cases, inventories may use data from multiple years; this can occur when inventory data are not
available for the modeling year of interest, but data from another year are available. SMOKE can handle
this case. Unless growth factors are available to grow the available data to the desired year, the SMOKE
intermediate inventory may include data from two years. Usually, using data from a nearby year is
preferable to not performing the modeling at all.
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2.9.16. Set the base year

Smkinven imports al data and then sets the inventory base year in the file as the year that has the most
datavalues. The year of theinventoriesis set using the #Y EAR header for IDA and SMOKE ORL inputs,
or the/INVYEAR/ packet for EMS-95 input files (see Section 8.2, “ Inventory Files’ [378] for moreinform-
ation on this header and packet). Usually, the year of the datais the same for al sources, so you will know
what Smkinven will assumeisthe baseyear. However, if multipleinventory yearsare provided, Smkinven
will set it using the year that is associated with the largest number of sources.

If you provide afuture-year inventory to SMOKE, you must override the base-year setting obtained from
the values given by the #Y EAR header or the /INVY EAR/ packet. Thisis accomplished with the
SMK_BASEYR OVERRI DE setting. Thisis necessary so that later SMOKE steps will be able to verify
that the episode year is consistent with the base year.

2.9.17. Report results of import step

The Smkinven program writes several reports to help you determine what it has done.

1. A summary by CAS number of the emissionsin tons/year. This includes the number of inventory re-
cords; whether all, some, or none of the pollutants associated with that CAS code are kept; and the
CAS description. This report iswritten to a special report file (REPI NVEN).

2. A summary of emissionsby CAS number and pollutant before and after the application of disaggreg-
ation factors based on the inventory table. This report shows, for instance, how chromium emissions
get split out into different pollutants. The report is written to the REPI NVENffile.

3. Alisting of thefirst 10 nonheader records in each inventory file. Thisinformation is written to the
program log file.

4. For areato-point conversions (from Section 2.9.8, “Assign point-source locationsto areasources’ [69]),
alist of the SCCsthat were converted, and the section number of the ARTOPNT input file used to
assign the point locations. Thisinformation is written to the program log file.

5. For area-to-point conversions, alist of any SCCsincluded in the ARTOPNT input file that do not also
appear in the inventory. This report iswritten to the REPI NVEN file.

6. For area-to-point conversions, a summary of emissions totals by SCC and pollutant before and after
thefactorsare applied, and thetotal number of country/state/county codes affected. A separate summary
isprovided that reports emissions by state, SCC, and pollutant, but otherwise hasthe same information.
These reports are written to the REPI NVEN file.

7. For area-to-point conversions, asummary by SCC of the number of country/state/county codes being
assigned area-to-point factors, and the number not being assigned those factors. Thisreport iswritten
to the REPI NVEN(ile.

8. For import of CEM data, asummary of ORIS IDs and boiler IDs from the CEM data that have been
matched to the inventory. SMOKE allows for multiple plant descriptions and country/state/county
codesfor asingle ORISID that may beidentical intheir characteristics but different boiler IDS. They
are treated as separate sources by matching boiler IDs. This report iswritten to the REPI NVEN file.

More information about these reports can be found in Section 10.5.1, “REPI NVEN' [507].
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2.9.18. Import day-specific and hour-specific data

Another function of Smkinven that only applies to point sourcesisimporting day- and hour-specific data.
It can read two input ASCII formats:

 CEM dataformat: The CEM dataformat provides standard local time hourly emissions by ORIS
identification code and boiler number. It was devel oped in conjunction with the Market Trading Division
of EPA, and that division now provides thisASCII file format when the data are released. The CEM
format is useable only with IDA-formatted annual and average-day inventories.

 EMS95format: The EMS-95 hour-specific format can beinput to SMOKE using either the EMS-95
average-day format or the IDA format for annual and average-day inventories. This format has also
been adapted to provide SMOKE with day-specific instead of hour-specific data.

In addition to reading the files, Smkinven ensures that the records listed in day- and hour-specific files
match records provided in the annual inventory inputs. Thisis necessary because SMOKE buildsitslist
of al point sources based on the annual and/or average-day inventory files, and these are the only sources
that will be listed in the SMOKE intermediate inventory file. Smkinven requires that the year associated
with the date of the day-specific and hour-specific emissionsis the same as the base year. Smkinven gen-
erates an error message when it cannot match a day- or hour-specific source with an inventory source.
Please refer to Section 6.16, “Smkinven” [283] for moreinformation about how Smkinven can be used to
import these data.

Smkinven also can process the hourly CEM datain a more sophisticated way. Hourly heat input from the
CEM data are used to allocate annual emissons to hourly emission data. First of al, the utility program
CEM Scan must be run before Smkinven, see more information at (Section 5.5, “CEM Scan” [211]).

2.9.19. Processing hour-specific CEM data

Smkinven can alocate annual emissionsto hourly data using the hourly heat input from the standard local
time CEM data. Smkinven must match the ORIS/boiler combinations that appear in the standard local
time CEM data to sources in the annual emissions inventory. Smkinven will first skip any ORIS/boiler
combinationsin theinput CEM datathat do not appear inthe summary list (CEMSUM created by CEM Scan;
it isimportant that users ensure that their input CEM data and CEM summary file remain consistent.
Smkinven will also skip any CEM ORIS IDs that are not in the inventory and also any ORIS and boiler
combinations that are not in the inventory. Note that the inventory may contain sources with valid ORIS
IDsbut blank boiler codes; none of these sourceswill be matched to the CEM data. Theformat of the CEM
hour-specific datais shown in Table 8.45, “CEM Format for individual hour-specific datafiles’ [402].

Data Check : Before calculating the hourly emissions, Smkinven first checksif the hourly NOx emissions
fromthe CEM dataare zero or null. If so, all emissions and the hourly flow ratesfor the sources that match
the ORI S/boiler combination are set to zero. Similarly, if the hourly heat input, grossload, and steam load
values are zero or null, al output values will be set to zero. In this case awarning will be written to the
Smkinven log file.

Special handling is needed when processing SO, and NO, emissions. If the summed annual CEM SO, and
NO, emissions for a particular ORI S/boiler combination are zero or null, Smkinven will calculate hourly
emissions based on the SO, and NO, emissions in the annual inventory rather than using the hourly CEM
data. If the summed annual SO, and NO,emissions are valid but a particular hour is missing the hourly
SO, and NO, emissions, Smkinven will set the hourly SO, and NO, emissionsto zero and writeawarning
tothelog file.

Calculation: When calculating hourly emissions, Smkinven must use data from the annual inventory. If
any of the matching inventory sources are missing the annual emissions value, the program will exit with
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2.10

an error. Smkinven will start with the hourly emissns from the CEM data and then disaggregate the
emissions to the matching inventory sources like so:

Hourly NOx emissions for sourcei = (annual NOx emissions for source i / summed annual NOx emissions
for all matching sources) * hourly CEM NOXx emissions * pounds to tons conversion

If the summed annual emissionsfor al matching sourcesiszero, the hourly CEM emissionswill be distrib-
uted evenly to the matching inventory sources. For all other pollutants, the hourly emissions are calcul ated
as,

Hourly emissions for sourcei = annual factor * annual emissions for sourcei
The annual factor in the above calculation will preferentialy be:
Annual factor = hourly heat input for ORIS/boiler / annual summed heat input for ORI S/boiler

If heat input data are not available, Smkinven will fallback to steam load followed by grossload. The heat
input values do not need to be disaggregated to the matching inventory sources because the same disag-
gregation factor would be used for both the hourly heat input and summed heat input.

Used to calculate hourly flow rates from hourly heat input when reading CEM data. If
FLOW RATE_FACTORIs set to zero or unset, then Smkinven will not calculate hourly flow rates.

Hourly flow rate (m3/s) = [FLOW RATE_FACTOR (ft3/MMBTU) * hourly heat input (MMBTU/hr) *
0.02831 m¥ft] / 3600 g/hr

Smkinven then needs to assign the ORI S/boiler-level hourly flow rate to the matching inventory sources.
To do this, it sums the flow rate for sources with the same stack. Smkinven uses the plant ID and stack
ID to determine which sources feed into the same stack. Script setting information is available at Sec-
tion 6.16.3.2, “Input Environment Variables’ [288].

NOTE: It is not recommended to run Smkinven for an entire year's worth of CEM data since the memory
requirements are large. Instead, users should process only the CEM datafor their episode of interest. This
may require multiple runs of Smkinven to break up large episodes.

Temporal processing

The temporal allocation of emission inventory data always occurs after the inventory import processing
previously described in Section 2.9, “Inventory import” [60]. The Temporal program processes data for
anthropogenic sources, while the Tmpbio program all ocates biogenic emissions. In this section, we focus
on the temporal allocation of the anthropogenic inventories using Tempor al. The biogenic processing is
further described in Section 2.18, “Biogenic processing” [108].

The primary purpose of the Temporal program isto create an intermediate hourly emissions file (ATMP,
MI'MP, or PTMP). It also creates a supplementary intermediate file that indicates which monthly, weekly
(day-of-week), and diurnal (hourly) profiles were assigned to each source (ATSUP, MTSUP, or PTSUP).
Since the Tempor al dynamically create names for the output files, two new environment variables

[ Al M P] TMPNAME and [ Al M P] TSUPNANME are used to set the directory and file prefix for naming
the output files[ Al M P] TMP and [ A] M P] TSUP. The files are named using the starting date of each
time period.For example, if ATMPNAME is set to /data/ntmp.nctox., then the ATMP file for a given time
period will be put in the data directory and named ntmp.nctox.[start date].ncf.

Thetemporal processing operation appliesfactors based on the source characteristicsto the emissions data
from the SMOKE inventory files. These factors can include monthly, weekly, and diurnal temporal profiles.
The resulting emissions data vectors (not a matrix) contain hourly emissions for the inventory species.
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SMOK E assumes an hourly time step (Even though thetime step isan input setting to SMOKE, it currently
cannot be changed.). Most of the calculations are implemented as sparse-matrix algebra based upon tem-
poral cross-references and profiles, augmented by the substitution of values from day- and hour-specific
emissions data sets. For mobile sources, hourly emissions values also depend on meteorology (e.g., the
temperature dependence of evaporative emissions).

Figure 2.22, “ Transformation of inventory datato hourly data” [75] shows how datafrom the intermediate
inventory are stored in the hourly file. The arrow represents the temporal processing steps which convert

the annual, average-day, or day- and hour-specific datato hourly data. After the temporal processing, the
hourly emissions are stored in the intermediate hourly file, by hour and source number. The emissions are
stored in the same order as the sources in the sorted intermediate inventory file.

Figure 2.22. Transformation of inventory data to hourly data
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Temporal processing also addresses the following issues that need to be considered during emissions pro-

cessing:

1. Using annual or average-day data when both are available in the inventory
2. Applying monthly, weekly, and diurna profiles

3. Using day- and hour-specific emissions

4. Time zone adjustments

5. Holiday processing

6. Special stepsfor MOBILEG processing

75



2.10.1. Using annual or average-day data

7. Monday-weekday-Saturday-Sunday (MWSS) processing
8. Processing non-sequential dates
9. Creating the intermediate files

In the subsections bel ow, we address each of these issues in the same order as the list above.

2.10.1. Using annual or average-day data

When using the IDA or SMOKE ORL inventory format, you may choose to use either the annual or the
average-day emissions values when running the Temporal program. The default isto use the annual data.
To apply average-day datainstead, the SMK_AVEDAY setting is used (this setting is relevant only for IDA
or SMOKE ORL inventories). These emissions are then used in the merge-processing step, resulting in
model-ready emissionsthat depend on the datatype selected. If part of your inventory isavailable asaverage-
day data and part is available as annual data, you have used Smkinven to fill in annual values based on
the average-day values. The Temporal program is then run using annual values. Temporal ensures that
for those sources for which “annual” values were created, only day-of-week and hourly adjustments (not
monthly profiles) are applied. Temporal assumes that any average-day data provided has aready been
adjusted for a specific month, and therefore does not apply the monthly profiles to them.

2.10.2. Applying monthly, weekly, and diurnal profiles

The Temporal program usesacross-referencefile and atemporal profilesfileto assign thetemporal profiles
to the inventory sources. The cross-reference file can assign the profiles using a hierarchy that is based on
the source characteristics. A detailed list of valid assignmentsis given in Section 6.19, “ Temporal” [312]
with the detailed description of the Temporal program. The cross-reference assigns a monthly, weekly,
and diurnal profile to each source, and can aso assign default profiles to sources that don’t have more
specific matchesin the cross-referencefile. When default assignments are made by the Tempor al program,
you can optionally choose to have warnings given for al of these assignments, using the REPORT _ DE-
FAULTS option.

The temporal profiles file has different sections that contain the monthly, weekly, and diurnal profiles.
Additionally, you may provide different weekend (Saturday, Sunday) and weekday (M onday through Friday)
diurnal profiles, or you may provide a different set of diurnal profiles for each day of the week.

When using multiple diurnal profiles, a given source must use adiurnal profile with the same profile code
for each day. For example, if a source uses diurnal profile 1 for Monday, it will also use profile 1 for
Tuesday, but Monday’s profile 1 can be different than Tuesday’s profile 1.

For weekly profiles, Temporal evaluates the TPFLAG setting (set by Smkinven as explained in Sec-
tion 2.9.13, “ Set the weekday averaging approach” [71]) and uses the weekly-normalized weekly profiles
or weekday-normalized weekly profiles, depending on the setting.

One limitation of using monthly, weekly, and diurnal profilesis that there is no week-to-week variation
within amonth. For example, all Tuesdaysin amonth use the same emissions profile (unless one happens
to be aholiday, see Section 2.10.5, “Holiday processing” [77]). This limitation can be overcome by using
day-specific emissions data (only for point sources).

2.10.3. Using day- and hour-specific emissions

SMOKE uses the most specific data available for any given source. For point sources, Tempor al will read
in the day-specific and hour-specific emissions and use these instead of the annual or average-day emissions
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that have been adjusted to hourly values. If both day-specific and hour-specific data are available for the
same source, Tempor al will use the hour-specific data. The settings that control the use of these emissions
are HOUR_SPECI FI C_YNand DAY_SPECI FI C_YN.

2.10.4.Time zone adjustments

You can use the QUTZONE setting to control the output time zone that defines the hours in the output files.
The one constraint on this setting isthat it must be consistent with the time zone of the meteorology files.
Thesefiles are used only when processing on-road mobile sources with MOBILES6 (optional), processing
elevated point sources for the CMAQ-based approach (required), or processing biogenic emissions with
SMOKE BEIS2 or BEIS3 (required). The time zones must be consistent among all source categories pro-
cessed, so if one source category depends on the meteorology file, then all source categories must be pro-
cessed with the same OUTZONE setting.

Temporal compares the OQUTZONE value with the time zone of the source, which was set in Smkinven
(see Section 2.9.14, “Assign country codes, years, and time zones® [71]) based on the county. Additionally,
it assesses and accounts for whether the date being processed falls within the range of Daylight Savings
Time, and whether the county of the source uses Daylight Savings Time. Tempor al usesthe COSTCY file
to determine which counties use Daylight Savings Time and which do not; for example, the state of Arizona
does not use it. Using these pieces of information, Tempor al interprets the diurnal profiles assuming that
they arelocal profilesin order to map the correct adjustment to the correct output hour in the output time
zone. Temporal also uses the time zone of the source and the output time zone to determine the correct
hour for switching from one month to the next and from one day of the week to the next.

Table 2.9, “Example OUTZONE settings and their associated time zones’ [77] listsasampling of QUTZONE
settings and the time zones that they represent. Note that SMOK E expects OUTZONE to be set as apositive
number for time zones in the Western Hemisphere, although standard notation would list these as negative
values. For example, Eastern Standard Timeislisted in thistable as-5:00 hours from GMT, but OUTZONE
for EST in SMOKE is 5. One result of thisimplementation is that SMOKE does not work perfectly for
time zones east of GMT.

Table 2.9. Example OUTZONE settings and their associated time zones

QUTZONE GMT Time zone Description
0 +0:00 GMT Greenwich Mean Time (also known as Zulu time)
4 -4:00 AST Atlantic Standard Time
5 -5:00 EST Eastern Standard Time
6 -6:00 CsT Central Standard Time
7 -7:00 MST Mountain Standard Time
8 -8:00 PST Pacific Standard Time
9 -9:00 YST Yukon Standard Time
10 -10:00 HST Hawaiian Standard Time
10 -10:00 CAT Central Alaska Time
11 -11:00 NT Nome Time

2.10.5. Holiday processing

Holidaysthat fall on weekdays can have different activity patternsthan regular weekdays because commer-
cial and commuting activitiesare dtered. Temporal usesthe HOLI DAYS fileto identify which user-defined
dates should be processed as holidays and to determine which day of the week (Saturday or Sunday) to
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2.10.6. Special steps for MOBILES processing

use to model the holiday. Usually, holidays are modeled asif they were a Sunday; this attempts to account
for things like plants being closed and traffic patterns being different. Of course, you can also set up spe-
cific temporal profile inputs for a specific holiday and model that day separately, but thisis not automated
in SMOKE. Users therefore simply pick Saturday or Sunday as an alternative date treatment in the hope

that it will somewhat better represent the emissions than using a weekday.

Holidays processing happens automatically if you are running the Temporal program for every day of
your episode. If you are using the M onday-weekday-Saturday-Sunday approach described in Section 2.10.7,
“Monday, weekday, Saturday, Sunday processing” [78], then additional scripting steps must be taken to
ensure that the holidays are modeled properly. In particular, for inventories that span multiple time zones
and/or when the output time zone is not the same as at |east one time zone in the inventory, the scripts
must be configured to model the holiday and the next day, so that the final hours in the holiday that are
west of the output time zone will be included in the next day’sfile.

2.10.6. Special steps for MOBILEG6 processing

On-road mabile processing using MOBIL E6 requiresanumber of additiona stepsinthe Temporal program.
First, Temporal must determine which hours of emission factors are needed. Since emission factors are
stored by local time, Temporal determines which hours are needed based on start and end time and output
time zone. The earliest time needed will be the start time in the time zone farthest from the output time
zone. If thistimeis before 6:00 am. local time, then Tempor al needs the previous day’s emission factors
aswell because the emission factor files start at 6:00 am. (based on the MOBILEG convention). The latest
time needed isthe end timein the time zone closest to the output time zone; if thistimeisbefore 6:00 am.
local time, then thelast day is not needed because the previous day’s emission factor filewill cover through
5:00 am.

Temporal also uses the ungridding matrix (MUMAT) from the Grdmat program to identify sources that
are outside of the grid. This is needed because the meteorology data used for computing emission factors
depend on the grid, so emission factors are available only for those sources that are inside the grid.

Temporal must determine the correct names of the emission factorsthat it will use. To do this, it first
reads the emission processes file (VEPROC) and creates alist of valid emission factor names. Thisfile
describes the correct process-pollutant combinations that are available from MOBILES for the pollutants
of interest. Not all pollutants requested exist for all processes, so it isimportant for Temporal to know
from thisfile what emission factors must be read. Tempor al also checksthe inventory table (I NVTABLE)
fileto determine whether NONHAPVOC was cal cul ated. Thisallows Tempor al to know whether it should
also expect and use emission factors for NONHAPVOC.

Tempor al also must open and use the emission factor files, which arelisted in atext file called the MEFLI ST
file. It checks to see which days each file covers and makes sure that all hours needed are covered. There
can be emission factor filesthat use different temporal averaging for the meteorology data: episode average,
monthly average, weekly average, and day-specific. If the correct time period of dataisavailable, Temporal
reads the emission factors for each source from the appropriate file, because different sources can use dif-
ferent temporal averaging approaches. Finally, Tempor al multipliesthe correct hourly emission factor for
each source by that source’'sVMT to compute the hourly emissions by process and pollutant.

2.10.7. Monday, weekday, Saturday, Sunday processing

The temporal variation of the daysin aweek is the same from week to week within a month because
SMOKE usesweekly profiles. Also, it iscommon that the weekly profiles do not vary on Monday through
Friday. Consequently, it is often desirable for long (e.g., annual) simulations to use a Monday-weekday-
Saturday-Sunday (MWSS) approach. With this approach, SMOKE computes emissionsfor arepresentative
Monday, weekday, Saturday, and Sunday within each month. The representative days cannot be the first
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day of the month (to prevent effects from the previous month from being included in the emissions data),
aholiday (as set in the HOLI DAYS file), or the day after the holiday. Monday is distinguished from other
weekdays because in multi-time zone casesin the Western Hemispherewith OUTZONE set to O (i.e. GMT),
afew late-night Sunday hours are included in the hours at the start of the Monday file. In addition, one
must specifically process the holidays and the day after holidays as separate runs for all holidays set by
the HOLI DAYS file. During merging of emissions, the Monday, weekday, Saturday, and Sunday files are
reused to create model-ready emissions for every day and hour needed. The holiday and day-after filesare
used for the holiday and day-after dates only.

Thisapproach relies heavily on scripting to select dates for each month’s representative days and to ensure
that the days that are run are consistent with the datesin the HOLI DAYS file. Scripting is also responsible
for ensuring that the correct files are merged together by Smkmer ge to create the model-ready files for
all days of the episode. These scripting issues are described in more detail in Chapter 4, Using SMOKE
Scripts[139].

There are some situations in which you cannot use the MWSS approach. In particular, on-road processing
with MOBILE6 must be run for all days of the episode, although some steps can be sped up by using the
meteorology averaging approach. Additionally, biogenic emissions processing obtains all of its temporal
variation from the meteorology data, and therefore must berun for all days. Fortunately, biogenic emissions
processing is very fast compared to processing for other source categories.

2.10.8. Processing Non-sequential Dates

Previously, Temporal processed a single continuous time period during each execution of the program
producing one output file. Typically, only representative Monday, weekday, Saturday and Sunday, plus
any holidays are processed for a single month. This type of processing can require complex scripting and
Temporal would need to be run several times. See Section 4.5.13.3, “ Changing the episode”’ [190], Sec-
tion 4.5.13.4, “ Changing the dates, times, and duration of model-ready SMOKE emissionsfiles’ [191] and
Section 4.5.13.5, “ Setting non-sequential processing dates’ [192].

SMOKE now provides the capability for optionally setting non-sequential date processing during asingle
execution of Temporal using anew input file PROCDATES to indicate alist of dates which Temporal
should process. The format for PROCDATES is described in Section 8.3.4, “PROCDATES: Procdates date

list” [420]. The format alows for blank lines, comment lines (any lines that start with a pound sign, and
trailing comments (any characters after an exclamation point).

G_TSTEP will be used to set the time step for all time periods. The output data for each time period will
be written to an endividua file.

An example of PROCDATES file is shown below. In this case, we are processing the first day of each
month in 2005. Twelve output files will be produced. Each file will contain 25 time steps.

e #First day of each month

+ 20050101 0 250000 ! January
e 20050201 0 250000 ! February
¢ 20050301 0 250000 ! March

» 20050401 0 250000 ! April

e 20050501 0 250000 ! May

+ 20050601 0 250000 ! June
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e 20050701 0 250000 ! July

+ 20050801 0 250000 ! August

e 20050901 0 250000 ! September
e 20051001 0 250000 ! October

e 20051101 0 250000 ! November
e 20051201 0 250000 ! December

Temporal procduces two output files[ Al M P] TMP and [ A] M P] TSUP. Since Temporal will need to
dynamically create names for the output files, we will use two new environment variables

[ Al M P] TMPNAME and [ A M P] TSUPNANME to set the directory and file prefix used to name the output
files. The files will be named using the starting date of each time period. For example, if ATMPNANME is
set to /data/ntmp.nctox., (note the period at the end of thefile string) the ATMP file for agiven time period
will be put in the STATI C directory and named "ntmp.nctox.<start date>.ncf".

2.10.9. Creating the intermediate files

2.11

Finally, the Temporal program must output intermediate files. The hourly emissions are written to the
ATMP, MTMP, and PTIVP I/O AP files. Unlike the other major SMOKE intermediatefiles (e.g., the matrices),
the actual emissions (not just factors) are written to thisfile. Thisis because day-specific and hour-specific
emissions can be impossible to convert into factors since the annual inventory emissions for the day- or
hour-specific sources could be zero and factors would not be able to change that.

If Temporal has more than 120 variables to output (the limit for the number of variablesin an I/O AP
file), Temporal opensasmany files (using the FileSetAPI wrapper) as are needed to store the data. SMOKE
also estimates how large the output files will be using 120 variables per file and automatically lowers the
number of variables that will be put in each 1/0 API output file to ensure that the files use less than 2 GB
of disk space. In addition, Tempor al writes the supplementary files ATSUP, MI'SUP, or PTSUP, which
contain the temporal profiles assigned to each source. The structures of the SMOKE intermediate files
output by Temporal are provided in Section 9.17, “Temporal” [500].

Chemical speciation processing

An emission inventory is built and reported for avariety of pollutants, such as CO, NO,, VOC, PMq, and
SO,. However, AQM chemical mechanisms (e.g., CB4) contain asimplified set of equations that use
“model species’ to represent atmospheric chemistry. Therefore, emissions processing requires speciation
profilesto convert the emissions in terms of pollutant values to the species used in the photochemical
mechanism. The purpose of the chemical speciation processing program Spcmat is to produce matrices
that contain the factorsfor converting theinput emissions pollutantsto the model speciesused inthe AQM.
These speciesinclude organics, PM species, and toxics species.

The speciation matrices that Spcmat creates are used transform column vectors of inventory-pollutant
emissionsinto column vectors of model-species emissions. As shown in Figure 2.23, “Relationship of in-
ventory sources to speciation matrix” [81], the speciation matrix consists of columns for each required
pollutant-to-species transformation and includes an entry for each source. The entries are the factors needed
to convert the inventory pollutantsinto the model species. Note that speciation matrices depend only upon
the chemical mechanism and the inventory, and they are therefore independent of the other factor-based
operations for emissions processing.
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Figure 2.23. Relationship of inventory sources to speciation matrix

Intermediate inventory file Speciation matrix
Src Emissions COto CO NOXto NO NOXtoNO2 VOC to ALD2
1 10.0 1.0 0.9 0.1 0.04
2 15.0 1.0 0.9 0.1 0.05
3 10.0 1.0 0.9 0.1 0.05
4 20.0 1.0 0.9 0.1 0.04
5 15.0 1.0 0.9 0.1 0.04
6 10.0 1.0 0.9 0.1 0.04
7 15.0 1.0 0.9 0.1 0.05
8 10.0 1.0 0.9 0.1 0.04
| 9 200 | 1.0 0.9 0.1 0.05

Chemical speciation processing addresses the following issues during emissions processing:
1. Splitting inventory pollutants into chemical species

2. Pollutant-to-pollutant conversions

3. Checking the consistency of the speciation profiles with the inventory

4. Setting the order of the output species

5. Creating speciation intermediate files

In the subsections bel ow, we provide additional detail about each of these steps, in the order in which they
are listed above.

2.11.1. Splitting inventory pollutants into chemical species

SMOKE supports run-time, user-selected inventory pollutants and chemical mechanisms. Before running
the chemical speciation step, the only relevant information that SMOKE has is information about the in-
ventory pollutants. After Spcmat runs, SMOKE then has the instructions for supporting a specific chem-
ical mechanism, and through the speci ation matrices, SMOKE will be ableto generate model-ready emissions
for the specific chemical mechanism set by the user. The inventory pollutants relate to the chemical
mechani sm because certain pollutants are needed to create certain species, but the pollutants do not dictate
the chemical mechanism. Asa SMOKE user, you must be aware of what pollutants are required to generate
the model species needed by a chemical mechanism, so that all needed model species are created.

Aswe just mentioned, SMOKE learns of the species being created for a given run through the Spcmat
program. The chemical speciation profilesinput file (GSPRO) is the data file that controls the chemical
species SMOKE will create. It contains the chemical speciation profile code, the pollutant-to-speciesrela
tionships, and both mole-based and mass-based conversion factors. The format and contents of thisfile
are described in detail in Section 8.5.2, “ GSPRO: Speciation profile file” [425]. Several GSPROfilesto
support many chemical mechanisms are availablefor download; see Section 3.4, “ Test case datafiles’ [132]
for more information. How to select an existing chemical mechanism or specify a new one, and how to
ensure that the GSPROfile is consistent with other input files, are described in Section 4.5.10, “Use a dif-
ferent speciation mechanism or change speciation inputs’ [176].

Spcmat uses a cross-reference file to assign the chemical speciation profiles to the inventory sources and
pollutants. The cross-reference file can assign the profiles using a hierarchy that is based on the source

characteristics; adetailed list of valid assignmentsisgivenin Section 6.18, “ Spcmat” [307]. All assignments
are pollutant-specific, such that each pollutant for asource can (and often should) use adifferent speciation
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profile. The cross-reference file can also assign a default profile, and some pollutants that have only one
way of being speciated (e.g., mapping the CO pollutant to the CO species) receive adefault profile for
every source. When Spcmat makes default assignments, you can optionally choose to have warnings given
for all of these assignments using the REPORT _DEFAULTS option. Spcmat will also produce a warning
about any inventory pollutants that are not assigned a speciation profile, because thiswill result in the
emissions for that pollutant being dropped by SMOKE.

Spcmat creates two speciation matrices during each run: a mole-based matrix and a mass-based matrix.
The speciation profile file (GSPRO) has different factors for mass- and mole-based conversions. It is not
trivia to convert between mass- and mole-based factors for some chemical mechanismslike CB4, which
use aggregates of chemical compounds or parts of compounds to define the model species. One cannot
simply use amolecular weight to convert accurately, because the molecular weight of the chemical species
is different for every speciation profile. This is because different proportions of chemical compounds are
present in each speciation profile, so even though the species are the same, their molecular weights are
different from profile to profile. Thisiswhy SMOKE has the two speciation matrices. The mole-based
matrices are used to create the model-ready files, and the mass-based matrices are used only to create the
reports that require tons, kilograms, grams, or other mass units. One peculiarity of the mole-based matrix
isthat particul ate species emissions cannot be expressed in moles, so the units are still gramsin the mole-
based matrices for particul ate species.

Chemical speciation has both similarities and differences from the aggregation and disaggregation that is
performed during inventory import (see Section 2.9.7, “Aggregate or disaggregate toxics emissions’ [68]).
Itissimilar inthat it involves separating one data value into more than one data val ue. For example, invent-
ory disaggregation can split Mercury & Compounds (CA S=199) into elemental mercury, divalent gaseous
mercury, and divalent particulate mercury during inventory import of nonroad mobile sources. Similarly,
NO, can be split into nitrogen oxide (NO) and nitrogen dioxide (NO,) during chemical speciation. Aggreg-
ationisalso similar to speciation because it can map multiple pollutants or parts of pollutantsinto the same
chemical compound, just as speciation can map parts of the different pollutants (e.g.,, HGSUM and HG)
to the same model species (e.g., HG). On the other hand, the two concepts are different for three reasons.
First, the pollutants aggregated and disaggregated by Smkinven are still considered by SMOKE to be
pollutants, not species, to passto later processing steps. Second, chemical speciation allows multiple split
factors to be used for the same pollutant-to-species conversion, whereas inventory aggregation/disaggreg-
ation uses just one factor across the whole inventory for each pollutant-to-pollutant conversion. Third,
chemical speciation also converts the units of the pollutants (tons) to the units of the species (moles for
gaseous species and grams for particul ate species).

Speciation profiles do not necessarily conserve mass. For example, it is possible to input 100 tons of VOC
into the Spcmat program and have it output factors that will produce 70 tons of VOC-based species or
110 tons of VOC-based species. The reduced mass occurs when some of the pollutant’s mass does not
map to chemically reactive speciesin the inventory. In some cases, the nonreactive (NR) speciesisincluded
in the speciation profiles so that the speciation profilesdo sumto 1. Increased mass happens because some
compounds that are part of VOC may have chemical reactivity associated with two model species. Since
this one part of the VOC is mapped to two model species, its mass appears to be double-counted when
summing the model-species mass. Thisis merely an artifact of how the model species are defined and
implemented in the AQM, and the AQM is responsible for accounting for such issuesin its chemical
mechanism.

2.11.2. Pollutant-to-pollutant conversions

In some cases, the pollutant available in the inventory is not the same as the pollutant for which speciation
profiles have been devel oped. At thistime, the only known case of this situation is when the inventory is
collected for VOC (or for reactive organic gases [ROG]) but the speciation profiles are available for TOG.
For this situation, VOC-to-TOG factors have been devel oped that Spcmat assignsto the inventory sources
based on the sources’ SCCs. The factors are input using the GSCNV file, which can support multiple pol-
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[utant-to-pollutant conversions in the same file. The example SMOKE GSCNV file has sections for ROG-
to-TOG andVOC-to-TOG,; it isdescribed further in Section 3.4, “ Test case datafiles’ [132] and Section 8.5.1,
“GSCNV: Pollutant-to-pollutant conversion file” [424].

2.11.3. Checking the consistency of the speciation profiles
with the inventory table

The Spcmat program checksto be sure that the two definitions of the NONHAPVYOC pollutant - one from
the speciation profiles (GSPRO) file and the other from theinventory table (I NVTABLE) file - are consistent.
When you are modeling with both criteria and toxics inventories and using toxics VOC (i.e., “integrating”
toxics VOC), you must ensure that the definition of toxics VOC used in the | NVTABLE file is consistent
with the definition in the GSPROfile. Spcmat cannot assure that these files are consistent with each other,
but does ensure that the information provided by the user is consistent; it is up to you to make sure that
the information provided is correct and consistent with what is actually in the files.

These files need to be consistent because the same pollutants that SMOKE subtracts out of the VOC to
create NONHAPVOC must also be removed when the speciation profiles are being computed. Thisassures
that there will be no double-counting of mass when calculating model species from both toxics VOC and
from the criteriaaggregated VOC va ue. The GSPROfile format includes aheader that allowsyou to define
the toxics VOC that were removed when creating the NONHAPVOC speciation profiles. Thisisintended
to help you ensure that the NONHAPVOC definition in the GSPROfile is consistent with the inventory
table file. One important detail of how thisisimplemented isthat Spcmat will not include inventory pol-
lutants that are not actually in the inventory in the consistency check, even if the pollutant islisted in the
NONHAPVOC definition in the GSPROfile.

2.11.4. Setting the order of the output species

The Spcmat program controls the order of the speciesin the output files. The order does not matter to any
of the AQM s that SMOKE supports, so there is not very much user control of the order. Spcmat arranges
the output speciesfirst by the order in which their associated pollutants appear in the inventory table (I N-
VTABLE) file, and next in aphabetical order. For example, if an inventory included CO, NO,, and VOC,
the CO species from the CO pollutant would be first, followed by the NO and NO, species for NO,. After
that, al of the VOC species would be output in alphabetical order (e.g.,, ALD2, ETH, FORM, ISOP, NR,
OLE, PAR, TOL, XYL). If two pollutants create the same species, the first pollutant in the | NVTABLE
file with which the species is associated will determine its output order.

2.11.5. Creating speciation intermediate files

Thelast task for the chemical speciation processing is creating the speciation intermediate files. The Spemat
program creates a mole-based speciation matrix (ASMAT_L, MSMAT L, or PSVMAT L) and a mass-based
speciation matrix (ASMAT _S, MSMAT _S, or PSMAT _S), as previously mentioned. These matrices can
have any number of pollutant-to-species conversions; the Spcmat program will open multiple speciation
matrix output filesif the number of pollutant-to-species conversionsis greater than 120 (the limit for the
number of variablesin an 1/O API file). Spcmat opens and writes as many files with 120 variables (using
the FileSetAPI wrapper) as are needed to store the data. In addition, the Spcmat program writes a supple-
mentary speciation file (ASSUP, M5SUP, or PSSUP) that contains the speciation profile assignments for
each source. The structures of the SMOKE intermediate files output by Spcmat are provided in Section 9.16,
“Spcmat” [499].
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2.12. Spatial processing

The spatial processing operation, or gridding, combines the grid specification for the air-quality modeling
domain with source locations from the SMOKE inventory file. The resulting gridding matrix is a sparse
matrix that describesin which grid cells the emissions for each source occur within the modeling domain.
The gridding matrix is applied to the inventory emissions to transform source-based inventory emissions
to gridded emissions.

The SMOKE Grdmat program creates the gridding matrix for area, mobile, and point sources. Thegridding
step is different depending on the type of source being processed.

» For area sources, county-total emissions are spread among the cells intersecting the county through
the use of gridding surrogates.

» For maobile sources, the data can be provided by county (as areasourcesare), or the data.can be provided
asline sources (“links”). County-based mobile emissions are apportioned with gridding surrogates,
preferably with surrogates based on the different road types for which the mobile emissions are provided.
The line-source emissions are apportioned depending on the length of thelink in each cell. For on-road
mobile sources, Grdmat also computes an ungridding matrix, which is needed for processing using
MOBILES.

» For point sources, emissions are apportioned to the grid cell intersecting the point.

Asshown in Figure 2.24, “ Relationship between inventory and gridding matrix” [84], the gridding matrix
contains the SMOKE source | Ds that intersect each grid cell, and the source-to-cell factors for each. The
gridding matrix is a sparse matrix because each source intersects only a small number of cellsrelative to
thetotal number of cellsin the domain, and the storage format shown in the figure reflects a sparse storage
format. In the example in Figure 2.24, “ Relationship between inventory and gridding matrix” [84], source
1intersects cells 1 and 2, with 10% of the emissionsin cell 1 and 30% of the emissionsin cell 2. There-
mainder of the source's emissions (60%) are either outside the grid or in other cells not shown in this ex-
ample. Source 2 is completely inside the domain; 40% of itsemissionsarein cell 1, 30% arein cell 2, and
30% arein cell 4. If this were a point-source speciation matrix, there would be only one cell associated
with each source because each point source existsin only one cell.

Figure 2.24. Relationship between inventory and gridding matrix

Intermediate inventory file Gridding matrix
Src Emissions CellID Src Factor
1 10.0 1 1 0.1
2 15.0 1 2 0.4
3 10.0 1 3 0.2
4 20.0 2 4 0.1
5 15.0 2 1 0.3
6 10.0 3 2 0.3
7 15.0 4 6 05
8 10.0 4 2 0.3
9 20.0 4 7 0.3

Note that the gridding matrix depends only upon the source locations, the grid definition, and in some
cases gridding surrogates and cross-references. It is therefore independent of the other steps of emissions
processing.




2.12.1. Defining the gridded region to output from SMOKE

Spatial processing addresses the following issues during emissions processing:
1. Defining the gridded region to output from SMOKE

2. Assigning sourcesto grid cells

3. Computing an ungridding matrix for on-road mobile sources

4. Creating the spatial alocation intermediate files

2.12.1. Defining the gridded region to output from SMOKE

The grid for which the spatial allocation step outputs the gridding and ungridding matrices depends upon
the | OAPI _GRI DNAME_1 environment variable setting and the GRI DDESC input file. The file contains
all of the settings needed by the I/0 API to define each grid (together, these settings are called agrid
definition), and it contains many such grid definitions. The | OAPI _GRI DNAME_1 setting selectsthe
specific grid to use during a specific run, and it must match the grid name provided in the GRI DDESCfile.
The settings used by the 1/O API to define a grid are documented as part of the I/O APl web site
[http://www.cep.unc.edu/empd/ED SS/ioapi/GRIDS.html].

There isanother file format, called the G_GRI DPATH file, that can be provided to Grdmat instead of the
GRI DDESC file. However, the G_GRI DPATH format allows only one grid per file. It isincluded as an
acceptable input to SMOKE to allow SMOKE to be backwardly compatible with previous versions. All
new users are advised to use asingle GRI DDESC file to store all of their modeling grids, instead of using
multiple G_GRI DDPATH files, one for each grid. The | QAPI _GRI DNAME_ 1 setting is not used by
Grdmat when the G_GRI DPATH format is used.

The gridded region selected at run time does not need to cover all of the countiesin the inventory. If the
gridded region is smaller than the inventory, this processing step will still include the counties or parts of
counties that do not overlap the grid. This allows users who are performing emissions processing using
nested grids to import the inventory once and apply gridding matrices for each grid to the sameinventory,
creating gridded emissions for all nested grids without having to adjust the inventory files. The downside
of this approach is that SMOKE does not give awarning if acounty that isin the inventory isnot in the
spatial surrogates, or if alat-lon coordinate isnot insidethe grid. It assumesthat these sources areintended
to be dropped and proceeds without comment. Thus, you must ensure that your surrogate files contain the
countiesin your inventory that areinside the grid and that your lat-lon coordinatesfor point and link sources
are correct.

2.12.2. Assigning sources to grid cells

SMOKE takes a different approach to assigning sourcesto grid cells for each SMOKE source category
and some special cases. In the following subsections, we describe the concepts of spatial allocation of (1)
area/nonpoint, nonroad, mobile, and on-road mobile nonlink sources; (2) area-to-point sources; (3) preg-
ridded area sources, (4) on-road mobile link sources, and (5) point sources.

2.12.2.1. Spatial allocation of area/nonpoint, nonroad mobile, and on-
road mobile nonlink sources

The area/nonpoint, nonroad mobile, and on-road mobile nonlink sourcesall have emissionsin theinventory
with county-total values. To spatially allocate these emissions, factors must be assigned to each source to
distribute the county-total emissions across the grid cells that intersect the county. This is accomplished
using a cross-referencing approach that assigns a spatial surrogate to each source in the inventory.
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2.12.2. Assigning sourcesto grid cells

The spatial surrogatesfiles, located in SRGPRO_PATH contain factors for allocating emissions from a
county-total to a gridded value, and there are usually many sets of factors available for each county. The
datain thisfile are used to estimate the spatial distribution of county-total emissions inside the county.
These sets of factors are calculated from other data that are available at afiner resolution than the county
data, such as census tracks. Examples of commonly available surrogates are population, housing, urban
area, rural area, agriculture, water, railroads, major highways, airports, ports, and forest. To ensure correct
emissions processing, it is essential that all counties within the inventory and domain be included in the
spatial surrogatesfile. If any counties inside the domain are left out of the file, then SMOKE will not be
ableto detect this; instead, it will act as though the county is outside of the domain and drop the emissions.

The general case of cross-referencing and profiles was described in Section 2.4, “ Cross-referencing and
profiles’ [21]. During spatial allocation with the Grdmat program, the spatial cross-referencefile (AGREF
or MGREF) assigns spatial surrogates for area/nonpoint, nonroad mobile, and on-road mobile nonlink
sources. The spatial cross-reference file associates SCCswith aspatial surrogate code, whichisan arbitrary
positive integer code that also appears in the spatial surrogates file along with the spatial surrogate data.
It isimportant to ensure (if possible) that the spatial surrogate codes assigned to each SCC are actually
available in the surrogate file for all countiesin the inventory with that SCC. For example, if the water
surrogate is assigned to motorboat sourcesin a given county, the spatial surrogate file should have values
for the water surrogate in that county. If thisis not the case, SMOKE will be forced to use a“fallback”
surrogate, defined with the SMK_DEFAULT _SRG D environment variabl e setting, which assignsasurrogate
that is defined for every county in the domain. SMK_DEFAULT_SRG Dis mandatory and must be set to
the population surrogate code listed in the SRGDESCfile. The population surrogate in this case servestwo
purposes; 1) It defines all the FIPS codes contained within the gridded domain which reduces 1/0 in the
gridding process and 2) this fallback approach prevents the emissions for that county and source category
from being dropped from the emissions processing. Grdmat produces warnings in the log file whenever
thefallback surrogateisused. If thefallback surrogate al so causesthe emissionsto go to zero, an additional
warning that indicates the emissions are being dropped is also written to the Grdmat log file. It isto the
the users discretion to use the fallback described in purpose 2. Thisis set by the SMK_USE_FALLBACK
environment variable either set as[Y/N].

The surrogate codes are defined, described and areference to the spatial surrogate fileslisted in the surrogate
description file SRGDESC which is likewise set as the environment variable SRGDESC. Because the sur-
rogate codes are arbitrarily assigned, you need to make sure that the spatial cross-reference is developed
in conjunction with the spatial surrogates so that the surrogate codes used in each are consistent. It is not
generally wise to devel op surrogates without a cross-reference, unless the surrogate codes used in the sur-
rogates file are set to the same values that are in a spatial cross-reference file that is already available. In
other words, the surrogate codes in SRGDESC, AMGREF and AMGPRO should be in aggrement.

Figure 2.25, “ Spatial allocation of county-total emissions’ [87] illustrates spatial allocation of all county-
based emissions sources. The box at the left represents a grid with a single county, shaded in gray to rep-
resent an emissions valuein that county. The arrow represents the spatial allocation steps. The box at right
showsthat all grid cellsthat intersect the county have emissions contributed by the county. Cellsthat intersect
more of the county are shown in darker colors, simulating the effect of using area surrogates. The darker
cells could also represent cells in which alarge city causes the population surrogate to concentrate the
emissionsin those cells, while the surrounding regions within the county have lower emissions.
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2.12.2. Assigning sourcesto grid cells

Figure 2.25. Spatial allocation of county-total emissions
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2.12.2.2. Spatial allocation of area-to-point sources

In some cases, the inventory import processing (by the Smkinven program) will have assigned point loca-
tions to some of the county-based inventory sources such as airports. Spatial allocation for these sources

ignores the assigned surrogate, sets the surrogate assignment to 0, and uses the point-source locations and
assigned fractions to determine the cells and associated magnitudes of the emissions from the county-total
source.

2.12.2.3. Spatial allocation of pregridded sources

When pregridded data are provided to SMOKE, the spatial allocation step must still be run. In this case,
Grdmat just maps the pregridded emissions to the correct cells and outputs a simple gridding matrix that
isused in later processing steps to maintain the pregridded nature of the inventory.

2.12.2.4. Spatial allocation of on-road mobile link sources

On-road mobile link sources are straight line segments within a county that have emissions and/or VMT
data associated with them aswell as the latitudes and longitudes of the starting and ending positions of the
link. SMOKE determines the fraction of each link within each grid cell, and then assigns the emissions or
VMT from thelink to those grid cells that the link intersects, by weighting the emissions according to the
length of the link within agrid cell divided by the total length of the link.

As shown in Figure 2.26, “ Spatial allocation of on-road mobile link sources’ [87], three link sourcesin
the left-hand diagram are joined at their ends to represent aroad cutting through the county. As shown in
the figure, link sources do not bisect county boundaries (new link sources would be used to continue the
road into an adjoining county). The three portions of the link have different VMT values, as represented
by thethree different shades of gray that highlight thelink. The arrow represents the spatial alocation step.
In the right-hand diagram, the cells that intersect the link sources are shaded, with darker shading used in
cellsin which the link intersects the cell more and the link has higher VMT.

Figure 2.26. Spatial allocation of on-road mobile link sources
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2.12.3. Computing an ungridding matrix for on-road mobile
sources

2.12.2.5. Spatial allocation of point sources

Spatial alocation of point sourcesin Grdmat is very straightforward. The Grdmat program simply de-
termines which cell the lat-lon coordinates are in and assigns all emissions from that sourceto asingle
grid cell. Except for (1) plume-in-grid sources for all models and (2) el evated sources for UAM-based
models (both addressed in Section 2.15, “Elevated-source processing” [95], this means that the AQMs do
not have information about where in the grid cell the point sourceis located.

2.12.3. Computing an ungridding matrix for on-road mobile
sources

For on-road mobile sources when using MOBILES, the gridded meteorology data must be converted to
county-specific datato facilitate the very large number of MOBILEG runsthat will ultimately be performed.
Thisis done in SMOKE by computing a weighted-average value for each county, with the weighting cal-
culation being done using the VMT data. Each weighting factor istheVMT in the grid cell divided by the
total county VMT, resulting in afactor for each grid cell that intersects the county. These factors are stored
inthe“ungridding” matrix created during spatial allocation by the Grdmat program when running on-road
mobile sourcesin SMOKE. Figure 2.27, “ Representation of ungridding” [88] shows how the spatially
varied meteorology data at |eft would be averaged using the averaging weights to calculate a value for
each county inthe domain. The handling of meteorology datafor MOBILE6 by SMOKE isfurther described
in Section 2.16, “On-road mobile-source processing with MOBILE6G" [98].

Figure 2.27. Representation of ungridding
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2.12.4. Creating the spatial allocation intermediate files

2.13.

Thelast task for the spatial allocation processing is creating the gridding intermediate files. The Grdmat
program creates agridding matrix (AGVAT, MAGVIAT, or PGVAT) and for on-road mobile sources an ungrid-
ding matrix (MJUMAT). These matrices contain all of the factors needed to calculate gridded emissionsfrom
a source-based inventory. In addition, the Grdmat program writes a supplementary output file (AGSUP
or MGSUP) that contains the spatial surrogates assigned for each source, indicates whether the assignment
wasaprimary or afallback, and identifies area-to-point sources. The structures of the SMOKE intermediate
files output by Grdmat are provided in Section 9.5, “Grdmat” [485].

Growth processing

Growth processing creates emission data sets for years other than ayear for which an emissionsinventory
isavailable. For example, if an inventory is available for 1996, but the modeling effort involves predicting
ozone levelsin 2007, then the emissions inventory must be grown to the year 2007. Previous versions of
this document used the term “ projection” for this function; in this version, however, “ projection” refersto
both growth of emissions (which is covered in this subsection) and control of emissions (addressed in
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2.13. Growth processing

Section 2.14, “ Control processing” [91]). The Cntlmat program performs both growth and control functions.
For growth processing, Cntlmat creates a growth matrix that contains the growth factors for each source
and pollutant in theinventory. The Grwinven program then combines the growth matrix with the emission
inventory to create a grown emission inventory.

If no new sources are being added when moving from the inventory year to the future year, then Grwinven
can be used with the base case inventory and the growth matrix based onit. If new sources must be added,
then the data structuring step (performed by Smkinven) must be rerun for the new number of sources,
followed by running Cntlmat to create the growth matrix; then Grwinven applies the matrix to the new
inventory file. Alternatively, users may elect to prepare a future-year inventory outside of SMOKE and
import it directly with Smkinven, which skips the Cntlmat and Grwinven steps.

Figure 2.28, “ Relationship between inventory sources and growth matrix” [89] shows the relationship
between the inventory and the growth matrix created by Cntlmat, which consists of columns for each
pollutant being grown from one year to another. The entries in the matrix are the growth factors needed
to grow the inventory to afuture or past year; note that these entries can be greater than, equal to, or less
than 1 depending on if the emissions should increase, stay the same, or decrease after the inventory is
grown. If the growth factors are the same for every pollutant in the inventory, then only one column, called
“pfac”, isincluded in the growth matrix, rather than using duplicate columns for every pollutant. The
growth matrix depends only upon the growth factors and the inventory, so it is therefore independent of
other factor-based operations for emissions processing; however, growth of the inventory (using the
Grwinven program) must occur before the temporal allocation step when creating model -ready emissions
using inventories grown with SMOKE.

Figure 2.28. Relationship between inventory sources and growth matrix

Intermediate inventory file Growth matrix
Src Emissions CO NOX VOC PM2.5
1 10.0 11 08 2.2 1.0
2 15.0 12 07 1.9 1.0
3 10.0 12 05 1.8 1.0
4 20.0 11 08 1.5 1.0
5 15.0 1.4 0.9 2.0 1.0
6 10.0 1.3 1.0 1.4 1.0
7 15.0 1.3 07 1.6 1.0
8 10.0 1.5 0.8 2.1 1.0

9 20.0 1.0 06 1.8 1.0

Grwinven combines the intermediate inventory files with one or more growth matrices to create a new
intermediate inventory file with the same structure asthe original file but with afuture (or past) year stored
in the header of thisfile.

In growth processing, the Cntlmat program addresses the following emissions processing needs when
creating the growth matrix:

1. Assigning growth factors

2. Reporting on the factors assigned to each source in the inventory

3. Creating the growth matrix

The Grwinven program addresses the remaining needs to create a grown inventory:

4.  Applying the growth matrix
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2.13.1. Assigning growth factors

5. Creating agrown inventory file

Each of theissuesin the list above is addressed in the following subsections, in the order in which they
appear in thelist.

2.13.1. Assigning growth factors

The Cntlmat program assigns growth factors using a cross-reference approach similar to the approaches
used for chemical speciation and gridding. Cntlmat reads the information about the growth factors from
the /PROJECTION/ packet in the control input file (GCNTL). As described in detail in Section 6.2,
“Cntlmat” [228], GCNTL can assign growth factors by state/county FIPS code, SCC, SIC, MACT, pollutant,
and various combinations of these. The most specific entry is selected by Cntimat based on the hierarchy
described in Section 6.2, “Cntlmat” [228]. Sincethe/PROJECTION/ packet includes both the cross-refer-
encing information and the growth factors, there is no need for a profile file (like those used for chemical
speciation). The growth factors may include both positive growth (factors greater than 1) or negative growth
(factorslessthan 1) or no growth (factors equal to 1).

The /REACTIVITY/ packet can also be used to grow emissions to a future or past year, but a different
approach is used that includes a“ phase-in” period and other differences. We describe this packet in Sec-
tion 2.14, “Control processing” [91].

2.13.2. Reporting on the factors assigned to each source
in the inventory

In addition to actually applying the growth factors, the growth processing reports the factors that were
applied to each source. Cntlmat writes areport that includes the source characteristics and the factor from
the /PROJECTION/ packet assigned to the source. For example, the area-source report would include the
state, county, and SCCs along with the factor assigned to the source. Only those sources that have growth
factorsapplied areincluded in the report. Thisreport permitsyou to verify that the assignments you intended
were in fact made by the program. The report is called the APRQJ REP, MPRQOJ REP, or PPRQJ REP file
for SMOKE area, mobile, and point sources, respectively.

2.13.3. Creating the growth matrix

The growth matrix created by Cntlmat containsthe growth factorsfor each source and pollutant. If pollutant-
specific growth factors are used, the growth matrix contains one column for each pollutant that is grown.
The names of the columns are the same as the names of the pollutants from the SMOKE inventory file, so
that the Grwinven program knows which column to apply to which inventory pollutant. If the growth
factors are applied uniformly to al pollutantsin the inventory, then Cntlmat does not output a separate
but identical factor for each pollutant. Instead, it writes only one column in the matrix, with the name
“pfac”.

2.13.4. Applying the growth matrix

The Grwinven program applies the growth factors to the inventory pollutants by simply multiplying the
growth matricesfor the pollutantswith the annual and average-day emission values. It readsin the SMOKE
intermediate inventory file and up to 80 growth matrices, then applies the growth factors from all growth
matrices to the appropriate pollutants. If a growth matrix has the “pfac” variable, Grwinven applies the
factorsto all pollutantsin the inventory; if instead the matrix has pollutant-specific entries, the factors are
applied by matching the pollutants between the matrix and the inventory.
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2.13.5. Creating agrown inventory file

Asisfurther described in Section 2.14, “Control processing” [91], Grwinven can a so apply the control
matrix at the same time it applies the growth matrix, and the total number of growth and control matrices
that can be applied in onerunis80. The Grwinven program’sgrowth processing features cannot be applied
toaSMOKE intermediatefilethat Grwinven has created, because of the/FY EAR/ header element described
in the next section.

2.13.5. Creating a grown inventory file

2.14

After applying the growth factorsto the SMOKE intermediate inventory file, the Grwinven program writes
anew SMOKE intermediate inventory file that contains the new, grown emissions. Grwinven only writes
the 1/0 API part of the inventory and not the ASCII part, because the ASCII part that contains the
state/county codes, SCCs, and other character strings does not change between the base and future or past
year. All of the sourcesin the base and grown inventory files are the same; the differenceisin their emissions
values.

Grwinven adds aheader element to the I/O API part of the inventory file that indicates the file was created
using Grwinven and a growth matrix. The header element is/FY EAR/, which is followed by the date of
the future year (for example, /FY EAR/ 2018). Other programs (such as Tempor al) will recognize the
/FYEAR/ header element and alter its messages to indicate that a future year is being processed.

Grwinven can aso output the IDA inventory format (in addition to I/O API format), which isalso a
SMOKE input format. Thisis possible only for inventories imported in EMS-95, IDA, or the nonroad
SMOKE ORL format. Because the point and nonpoint toxics inventories contain additional fieldsthat are
not supported by the IDA format, Grwinven cannot output IDA format but output an ORL-formatted
grown and/or controlled inventory when these formats were used to create the SMOKE intermediate in-
ventory file. Currently only ORL nonpoint and point inventory formats are supported.

Control processing

The control processing operation applies control factorsfrom acontrol input file (GCNTL) based on source
characteristicsin the inventory. A control scenario involves changing the values of emissions based on
regulations affecting industrial activities or personal behaviors. The resulting control matrix, created by
the Cntlmat program, takesthe form of the matrix shown in Figure 2.28, “ Relationship between inventory
sources and growth matrix” [89]. The control matrix depends only upon the source characteristicsin the
SMOKE inventory and the set of controls chosen, so control processing can therefore be decoupled from
the rest of the processing steps. The Cntlmat program performs control processing for SMOKE area,
mobile, and point sources; however, much more complex controls for on-road mobile sources can also be
implemented when using MOBILEG6 through SMOKE to cal culate emission factors and apply them to
VMT.

The emissions control factors can be applied in addition to the emissions growth factors (described in
Section 2.13, “ Growth processing” [88]), and the net effect of thisgrowth and control iscalled “projection”.
SMOKE control processing can create two types of control matrices during a given run: amultiplicative
control matrix and a reactivity control matrix.

The Cntlmat program performs the following emissions processing stepsin creating the control matrices:
1. Assigning control factors from six control packets to the sources

2. Creating the multiplicative control matrix

3. Creating the reactivity control matrix

4. Reporting on factors assigned to each source in the inventory
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2.14.1. Assigning control factors from six control packets
to the sources

The Grwinven program addresses the following control processing steps:

5.

6.

Applying the multiplicative control matrices to the inventory

Creating a controlled intermediate inventory file

Finally, the Smkmer ge program can be used to perform the following control processing step:

7.

Applying the multiplicative and/or reactivity control matrices to the inventory to create model-ready
inputs

The next seven subsections explain the concepts involved with these processing steps in more detail.

2.14.1. Assigning control factors from six control packets
to the sources

SMOKE provides six control packets with which users can control emissions:

/MACT/ contains MACT-based assignments for toxics inventories and can be used to apply general
MACT controlsto sources affected by MACT regulations. This packet contributesto the multiplicative
control matrix.

/CONTROL/ contains settings for control efficiency, rule effectiveness, and rule penetration that can
be applied by nearly any combination of source characteristics, even targeting a specific source. This
packet contributes to the multiplicative control matrix. This packet cannot appear in the same input
filewithan /EMS_CONTROL/ packet.

/EMS_CONTROL/ contains settings for control efficiency, rule effectiveness, and rule penetration for
both the base year and afuture year. It also contains a point-source conversion factor and an aggregated
control factor that can override everything else in the packet. This packet contributes to the multiplic-
ative control matrix. This packet cannot appear in the same input file with a/CONTROL/ packet, and
it can be used for point sources only.

/CTG/ contains settingsfor control technology guideline (CTG) controls, MACT controls, and reasonably
available control technology (RACT) controls. It contributes to the multiplicative control matrix.

/ALLOWABLE/ contains county-specific, SIC-specific, SCC-specific controls, caps, and replacement
emissions. It contributes to the multiplicative control matrix.

/IREACTIVITY/ contains settings needed for reactivity-based controls and its use resultsin the reactivity
control matrix.

Section 6.2, “Cntlmat” [228] describesthe Cntlmat program in more detail, including the cross-reference
hierarchy of these packets and how they relate to one another. All packets can be included in asingle
Cntlmat run, with the exception of the/CONTROL/ and /EMS_CONTROL/ packets (either one or the
other of these can be included, but not both). In general, these packets can assign control factors by
state/county FIPS code, SCC, SIC, MACT, pollutant, other plant-specific source characteristics, and various
combinations of these.

2.14.2. Creating the multiplicative control matrix

Cntlmat creates the multiplicative control matrix based on the information contained in the /MACT/,
/CONTROL/,/[EMS CONTROL/, /CTG/, and /ALLOWABLE/ packets. The specific details of how these
packetsinteract and how the control factorsare calculated is described in the Cntlmat section of Section 6.2,
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2.14.3. Creating the reactivity control matrix

“Cntlmat” [228]. Once the control factors have been calculated, Cntlmat writes a multiplicative control
matrix file that contains one column of control factorsfor each pollutant; each row in the matrix represents
asource. The names of the columns are the same as the names of the pollutants from the SMOKE inventory
file, sothat either the Grwinven or the Smkmer ge program knowswhich control column to apply to which
inventory pollutant.

2.14.3. Creating the reactivity control matrix

Reactivity controls have been included in SMOKE to allow users to examine what happens to the air
quality modeling results when the chemical mixture of the emissionsis changed to reduce its 0zone-
forming potential. Examining the effect of reactivity controlsis known as “reactivity assessment”. The
implementation of thistype of control includes permitting users to reset the base-year emissions, reset the
SCC, and reset the chemical speciation profile. The controls can be applied to all sources that match an
SCC or a specific facility or process within afacility.

Several issues areimportant when addressing emissions processing requirementsfor reactivity assessments.
Resactivity assessment involves replacing one compound in the inventory by another compound. Thisre-
placement can impact emission projections, the total magnitude of the inventory pollutants, and the asso-
ciated SCCs. The market penetration of the replacement compound may vary in time and space, which
affectsthefuture-year emissions. Also, the replacement compound may be needed in much greater or much
smaller amounts, thereby affecting the total inventory emissions. Finaly, if adifferent processis required
in order for a source to use the different compound, the SCC for that source may change.

The scale of the reactivity assessment isimportant; it could be local, statewide, or national. A local case
could involve investigating reactivity for one source. A statewide case could be implementing achangein
compound based on reactivity considerations for a State |mplementation Plan (SIP), and thiswould affect
sources acrossthe state. A national case could involve an EPA investigation of theformulation of nationally
distributed consumer products.

In addition, exemptions from controlsfor certain sources must be permitted as part of an emissions control
strategy. These exemptions can occur when a reactivity assessment determines that certain compounds
and/or processes do not significantly affect pollution formation.

To addressthese issues, SMOKE is ableto target changesin aVVOC for specific classes of VOC emissions,
and address the spatial and temporal considerationsimplied by market penetration issues. Furthermore,
when replacement options are being investigated, the correct replacement operations are facilitated by
SMOKE. These operations include selecting sources, changing underlying pollutant emissions, changing
SCCs, correctly projecting future-year emissionsbased in part on market penetration issues, and appropriately
speciating emissions for the new compound.

For asingle run of Cntlmat, reactivity controls can be applied to only one pollutant, typically aVOC

pollutant. Therefore, if you have more than one VOC pollutant in the inventory (e.g., atoxicsVOC and a
particulate pollutant), then separate reactivity matriceswill need to be created for each pollutant that receives
reactivity controls, and these controlswill need to be applied in separate SMOKE runs (see Section 2.14.7,
“Using Smkmer geto apply the multiplicative and/or reactivity control matrices’ [95] for moreinformation).

2.14.4. Reporting on factors assigned to each source in
the inventory

In addition to assigning the control factors, Cntlmat also creates reports detailing the factors applied to
each source. These reports include the source characteristics and the factors assigned to the sources. The
reports are:
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2.14.5. Using Grwinven to apply the multiplicative control
matrices

* ACREP, MCREP, or PCREP: For area and mobile sources, this report includes emissions before and
after all multiplicative controls have been applied by state, county, and SCC. For point sources, the
report includes emissions before and after all multiplicative controls by facility.

*  AREACREP, MREACREP, or PREACREP: For pollutants controlled with reactivity controls (usually
VOC), this report includes source number, base-year emissions, replacement base-year emissions,
projection factor, future-year SCC, future-year speciation profile number, and market penetration rate
of reactivity control. This report is the only reactivity report that can be generated by SMOKE since
the Smkreport program cannot yet import and apply the reactivity matrix to generate reports.

*  ACSUMREP, MCSUMREP, or PCSUMREP: For each source, this report includes the specific multiplic-
ative controls that were applied to each source. It includes the emissions before and after each control,
aswell as the control factor that was applied. The control packet from which each control cameisin-
cluded in the report. The reactivity controls are not included in this report.

2.14.5. Using Grwinven to apply the multiplicative control
matrices

The Grwinven program appliesthe multiplicative control matricesto theinventory pollutants by multiplying
the control factorsfor the pollutants with the annual and average-day emission values. (Reactivity matrices
cannot be applied by Grwinven; only the Smkmerge program can apply those, as discussed in Sec-

tion 2.14.7, “Using Smkmer ge to apply the multiplicative and/or reactivity control matrices’ [95].)
Grwinven readsin the SMOKE intermediate inventory file and up to 80 control matrices and then applies
the control factors from all matrices to the appropriate pollutants.

Asdiscussed in Section 2.13.4, “Applying the growth matrix” [90], the Grwinven program can also apply
growth matrices at the same time it applies control matrices, and the total number of growth and control
matrices that can be applied in one run is 80. If desired, the control processing features of Grwinven can
be used on a SMOKE intermediate file that has been created by Grwinven with grown and/or controlled
emissions, aslong as no growth processing features are included in that second pass. (See section Sec-
tion 2.13.4, “Applying the growth matrix” [90] for discussion of thisrestriction on applying growth matrices,
caused by Grwinven's addition of the /FY EAR/ header element.)

2.14.6. Creating a controlled intermediate inventory file

After applying the control factorsto the SMOKE intermediate inventory file, the Grwinven program writes
anew SMOKE intermediate inventory file that contains the new, controlled emissions. Grwinven writes
only the I/O API part of the inventory and not the ASCII part, because the ASCI| part that contains the
state/county codes, SCCs, and other character strings does not change between the base and future or past
year. All of the sources in the base and controlled inventory files are the same; the differenceisin their
emissions values.

Grwinven can also output the IDA inventory format (in addition to I/0 API format), whichisalso a
SMOKE input format. Thisis possible only for inventoriesimported in EMS-95, IDA, or the nonroad
SMOKE ORL format. Because the point and nonpoint toxics inventories contain additional fieldsthat are
not supported by the IDA format, Grwinven cannot output IDA format but output an ORL-formatted
grown and/or controlled inventory when these formats were used to create the SMOKE intermediate in-
ventory file. Currently only ORL nonpoint and point inventory formats are supported.
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2.14.7. Using Smkmerge to apply the multiplicative and/or
reactivity control matrices

2.14.7. Using Smkmerge to apply the multiplicative and/or
reactivity control matrices

2.15

The Smkmer ge program is a second option for applying control matrices. Smkmer ge can apply both
multiplicative control matrices and reactivity control matrices; it isthe only program that can do the latter.
Because the overall purpose of Smkmergeisto create the model-ready input filesfor an AQM (as discussed
in Section 2.19, “Creating model-ready emissions’ [109], the result of using Smkmer ge to apply control
matricesis a controlled, model-ready file, as opposed to the controlled intermediate inventory file output
by Grwinven.

Smkmergeis limited to applying one control matrix and one reactivity matrix for each SMOKE source
category (area, mobile, or point). Therefore, if multiple reactivity control matrices need to be applied to
create a single set of model-ready emission inputs, then the processing must be done as multiple SMOKE
runs. Thisincludes separating the sources that need different controls into separate inventory files and
performing al SMOKE processing steps separately on the runs, using different reactivity controlsfor each.
The resulting two or more sets of model-ready emissions should not have duplicate sources if the invent-
ories were separated correctly at the start, and the model-ready files are combined using the Mrggrid
program, as discussed in Section 2.19, “ Creating model-ready emissions’ [109].

Elevated-source processing

Asintroduced in Section 2.5.3, “Model-ready files’ [25] and further explained in Section 2.8.6, “Point-
source processing” [54], there are two major approachesto processing elevated point sourcesfor air quality
modeling. The first approach is to have SMOKE compute the layer assignments for the point sources; this
method is used for the CMAQ and MAQSIP models. The second approach, which is used for the UAM
models, REMSAD, and CAMy, isto select specific sources as elevated and then create a special elevated-
point-source file that contains the information needed so that the AQM can compute the plumerise. In
both cases, users can select elevated sources specifically (in the second approach, that selection is mandat-
ory). Also, PinG sources can be selected in both cases.

The two approaches have some steps that are the same and some that are different. The rest of this section
is split into the following two subsections, one for each el evated-point-source processing approach:

1. Computing layer fractions for CMAQ and MAQSIP
2. Creating an elevated-source file for UAM, REMSAD, and CAMy

Each subsection first overviews the steps in the approach, then gives more details on some of them.

2.15.1. Computing layer fractions for CMAQ and MAQSIP

The MAQSIP and CMAQ models require the layer fractions for elevated point sources to be computed by
SMOKE. To do this, SMOKE performs the following steps:

» Usesthe Smkinven program to import the annual, average-day, day-specific, and/or hour-specific
emissions.

e Optionally usesthe Temporal program to calculate hourly emissionsif emissionswill be used asa
criterion for selecting elevated sources or PinG sources. For example, you may wish to select facilities
with NO, emissions greater than 100 tons/day.
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2.15.1. Computing layer fractionsfor CMAQ and MAQSIP

e Usesthe Elevpoint program to select elevated and/or PinG sources. This step isrequired if modeling
with PinG sources, but optional otherwise.

» Usesthe Elevpoint program to create the STACK GROUPS file, which is needed for processing PinG
sources with CMAQ.

» Usesthe Laypoint program to compute elevated plume rise for all elevated sources, and store the
layer fractions for each source. This step can optionally read the output file from Elevpoint to identify
the elevated sources, but otherwise will compute plume rise for all sources.

» Usesthe Smkmerge program to combine the layer fractions with the hourly emissions to generate the
model-ready output files and optionally generate the PinG hourly emissions file for CMAQ.

e Optionally usesthe Smkreport program to report on elevated or PinG sources

2.15.1.1. Using Elevpoint

Elevpoint can select elevated and PinG sources using multiple criteriabased on emissions values, emissions
rank, stack parameters, plant numbers, and an analytical plume rise calculation. The elevated criteriaand
PinG criteriaare provided to Elevpoint using afile called PELVCONFI G. You must configure thisfile to
contain the criteria needed to select elevated and PinG source (if these selection are needed at all). If
emissions values is one of the criteria, the Elevpoint program reads all of the hourly point-source files
using the PTMPLI ST file. Thisfileisalist of all PTMP filesthat will be evaluated to determine which
sources have maximum daily emissions that exceed the specified selection criteria or to determine the
emissionsrank. Only the maximum daily facility-total emissions can be used by Elevpoint to select sources
based on emissions.

The elevated sources and PinG sources can each be selected using different criteria. In general, there are
many more elevated sources than PinG sources for typical applications of SMOKE and AQMs. Elevpoint
also permitsyou to group PinG sourcesand createsthe STACK _GROUPS file so that the sources are treated
asasingle sourcein the PinG rise calculation by CMAQ. Grouping is useful to reduce the total number
of PinG stacks processed by CMAQ (PinG processing is a computationally expensive calculation). Using
grouping makes sense when several stacks at the same plant have the same, or nearly the same, stack
parameters. When that istrue, the emissions from the multiple stacks can be grouped and treated asasingle
PinG stack. Finaly, there are two SMOKE settings (SMK_ELEV_METHOD and SMK_PI NG_METHOD)
that instruct Elevpoint and other SMOKE programs to actually use these criteriato select the elevated and
PinG sources. If these settings are not set to “1” the elevated and PinG selections will not be made, and so
will not affect any further processing steps.

2.15.1.2. Using Laypoint

Inthis CMAQ/MAQSIP approach, L aypoint uses gridded, hourly meteorological dataand stack parameters
to calculate the plumerise for al point-source emissions. The program’s approach is based on the Briggs
algorithm, asexplained indetail in Section 6.3.1.1, “Plumerise calculation” [239], and providesthetop and
bottom heights of the plume. L aypoint uses these heights to compute the plumes’ distributions into the
vertical layersthat the plumesintersect, using the pressure difference across each layer over the pressure
difference across the entire plume as aweighting factor to make this calculation. This approach gives plume
fractions by layer and source. Only these fractions are stored in the output file (PLAY) from the L aypoint
program (not the emissionsin each layer).

If explicit plume rise sources (e.g., wildfires with precomputed hourly plumerise) are included in thein-
ventory, L aypoint will skip the plume rise cal culation for these sources. Instead, it will use the hourly data
from the SMOKE PHOUR intermediate file, which describe the fraction of emissionsin layer 1 and the top
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and bottom of the plume. L aypoint will combine these datawith the pressure weights used for all elevated
point sources to compute the fraction of emissions to go into each layer.

2.15.1.3. Using Smkmerge

Smkmer ge applies the layer fractions from Laypoint to the elevated sources to compute the emissionsin
each layer. This approach has the advantage of allowing you to avoid repeating the plume rise cal culations
for each control strategy or grid. If the SMK_PI NG_METHOD setting (discussed above) indicates that the
special CMAQ PinG file should be created, the Smkmer ge program will also output this special file, called
the PI NGT'S_L file. It contains the hourly, speciated emissions for each PinG source (which could be a
stack group, as explained above).

2.15.1.4. Optional use of Smkreport

If desired, Smkreport can apply the layer fractions and elevated or PinG statuses to the inventory to gen-
erate reports that include layer information and/or the elevated or PinG status. This reporting could be
used, for example, to create alist of all PinG sources in the inventory, or to determine the elevated versus
layer-1 emissions by state or SCC.

2.15.2. Creating an elevated-source file for UAM, REMSAD,
and CAMy

The other approach to modeling elevated sources is to create an elevated-point-source input file for one
of the UAM models, REMSAD, or CAMy. To do this, SMOKE performs the following steps:

» Usesthe Smkinven program to import the annual, average-day, day-specific, and/or hour-specific
emissions.

» Optionally usesthe Temporal program to calculate hourly emissionsif emissionswill be used asa
criterion for selecting elevated sources or PinG sources. For example, you may wish to select facilities
with NO, emissions greater than 100 tong/day.

» Usesthe Elevpoint program to select elevated and optionally PinG sources. Unlike processing for
CMAQ or MAQSIP, this step is aways required.

» UsestheElevpoint program to create the STACK GROUPS file, which is needed for creating the el ev-
ated-point-source file with Smkmer ge.

» Usesthe Laypoint program to compute elevated plume rise for explicit plume rise sources, and store
the layer fractions for the explicit sources only.

» Usesthe Smkmerge program to combine the STACK GROUPS information, optional explicit plume
riseinformation, and the hourly emissionsto generate an ASCI| el evated-point-source file with optional
PinG flags.

2.15.2.1. Using Elevpoint

The primary difference between this approach and that for the CMAQ and MAQSIP modelsis that the
Elevpoint processing step is required. Traditionally, elevated point sources have been selected for the
UAM, REMSAD, or CAMy models using the analytical plume rise calculation. While Elevpoint can
perform this calculation and use it exclusively to determine the elevated sources, you can aso use the
other selection criteriaif desired: emissions values, emissions rank, stack parameters, and plant numbers.
Asdescribed in Section 2.15.1, “Computing layer fractionsfor CMAQ and MAQSIP’ [95], if the selection
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criteriainclude emissions, then the PTMPLI ST file will be used to input all hourly emissionsfiles for the
entire modeling episode.

2.15.2.2. Using Laypoint

If explicit plume rise sources (e.g., wildfires with precomputed hourly plumerise) are included in thein-
ventory, you must run the L aypoint program to compute the layer fractions for these sources only. This
istheonly reason L aypoint would be runinthe UAM/REM SAD/CAMy processing approach, and it requires
that the EXPLI CI T_PLUMES_YN and the HOUR_PLUVMEDATA YN settings be set to Y. These settings
cause Laypoint to write the layer fractions to the PLAY_EX file instead of to the usual PLAY file. For
these explicit sources, L aypoint will skip the plume rise calculation. Instead, it will use the hourly data
from the SMOK E PHOUR intermediate file containing the fraction of emissionsin layer 1 and the top and
bottom of the plume. Laypoint will combine these data with the pressure weights used for al elevated
point sources to compute the fraction of emissionsto go into each layer.

2.15.2.3. Using Smkmerge

The Smkmer ge program looks for the SMK_ASCI | ELEV_ YN setting to determine whether the ASCII
output file should be created. When thisis set to 'Y, the output files from Elevpoint (PELV and
STACK_GROUPS) are read to determine which sources should not be included in the 2-D emissions output
file for point sources. The emissions from these sources are instead output to an ASCII elevated filealong
with stack parameters and locations so that the AQM can compute the plumerise.

If EXPLI Cl T_PLUMES YNisasosettoY, Smkmergewill read the PLAY _EXfilefor the explicit plume
sources. Since the UAM-based approach assumes that the AQM will compute the plume rise, SMOKE
must manipulate theinput fileto trick the model into using precomputed plumerise. Thisisdone by inserting
fake stacksinto the ASCII elevated file that extend to the center of each of the model layers and setting
the stack parameters so that the plume rise calculation will keep the emissions associated with the fake
stacksin the layer of the stack. As the emissions move from layer to layer, Smkmer ge moves the reported
emissionsin the ASCII elevated file from fake stack to fake stack to represent the same behavior.

2.16. On-road mobile-source processing with
MOBILEG6

Asmentioned in Section 2.8.4, “Mobile-source processing using Mobile6” [38], there are three programs
specific to processing on-road mobile sources using MOBILES. This processing is performed using the

Mbsetup, Premobl, and Emisfac programs, which prepare the meteorology dataand other SMOKE inputs
for using the inventory with the MOBILES6 program, and compute emission factors that are needed when
the on-road inventory includesVMT instead of, or in addition to, emissions. These programs are discussed
indetail in Section 6.8, “M bsetup” [260], Section 6.14, “Premabl” [277], and Section 6.4, “Emisfac” [244].

The M bsetup program performs the following steps needed for MOBILEG processing:

1. Group reference counties

2. Set up for the user-defined spatial and temporal averaging approach for meteorology data
3. Assign the speed profiles to the sources

4. Createthe speed summary file

In MOBILES processing, the Premabl program handles the step:
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5. Process the meteorology data for use by MOBILEG
Finally, the Emisfac program addresses the following step:
6. Compute the criteria and toxics emission factors using MOBILEG

The following sections explain the concepts involved with these processing steps in more detail.

2.16.1. Group reference counties

Thefirst major task for the M bsetup program is to set the reference counties (defined in Section 2.8.4.7,
“Reference counties’ [46]). To do this, it reads the user-defined county cross-reference file (MCREF). This
file assigns areference county to each county in the inventory. When reading MCREF, SMOKE checks
that all state and county FIPS codesin thefile are integer values (no nonnumeric characters). Next, it looks
for any duplicate inventory counties and gives an error message if any are found. M bsetup will ignore any
inventory countiesthat are not inside the grid or do not have any VMT data. M bsetup also makes sure
that all valid inventory counties (i.e., those that are inside the grid and have VMT data) have been assigned
areference county.

2.16.2. Set up for the user-defined spatial and temporal
averaging approach for meteorology data

The M bsetup program’s second major task isto preprocess the information about the spatial and temporal
averaging approach for meteorology data, as previously introduced in Section 2.8.4.8, “Use of gridded
meteorology data’ [46]. Using the county settingsinput file (MVREF), M bsetup determines both the spatial
and temporal averaging for each county. All assignments are made by reference county; this means that
all counties assigned the same reference county must use the same averaging approaches.

» The spatial averaging can be either (1) averaging within a county, or (2) averaging over al counties
assigned to a given reference county.

» Thetemporal averaging creates 24-hour temperature and humidity profilesto represent one of the fol-
lowing time periods: (1) aday (no averaging), (2) aweek (weekly averaging), (3) a month (monthly
averaging), and/or (4) an episode (episodic averaging).

The MVREF file also allows you to set how to handle rural and urban local roads, and you have the choice
of using MOBILEG local roads or using arterial roads with your local road speeds. When reading thefile,
M bsetup checksto be sure that the reference county FIPS code and the three settings (spatial averaging,
temporal averaging, and local road handling) are all integers. The program gives an error for any duplicate
reference countiesin the file. Any lines with reference countiesthat are not in the MCREF file are ignored.
Finally, Mbsetup checksthat all reference counties have been assigned settings.

M bsetup creates the time period group files (DAl L YGROUP, WEEKL YGROUP, MONTHL YGROUP, and/or
EPI SODEGROUP) based on the settings in the MVREF file. These SMOKE intermediate files are used by
Premabl to determine what type of meteorology averaging is used for each inventory county. Each file
contains alist of the inventory counties using that type of averaging (e.g., countiesin the DAl L YGROUP
file will use daily temperature and humidity profiles), along with the reference county for that inventory
county and the local road setting (this setting is not related to meteorology averaging, but needsto be read
by Emisfac later on). If no counties use a particular type of averaging, the corresponding * GROUP file
will not be created by M bsetup.
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2.16.3. Assign the speed profiles to the sources

The third major Mbsetup task is to preprocess speed profiles, if they are provided. Speed profiles, which
can be used instead of the average-speed valuesin the inventory, permit hourly speeds to be assigned and
used in computing the emission factors. M bsetup first checksif the USE_SPEED PROFI LES optionis
setto, and if it is, reads and uses a user-defined speed profiles cross-reference file (SPDREF). Speed
profiles must be used if the on-road maobile inventory does not contain any speed information.

If speed profiles are being used, M bsetup reads the speed profile cross-reference file and assigns a speed
profile to each source. Each line of this cross-reference file requires a FIPS code, an SCC, and a speed
profile code; M bsetup verifies that the FIPS code is an integer, the SCC is 10 digits long, and the speed
profile codeis also an integer and is greater than zero. Note that M bsetup does not read or process the
actual speed profiles; that is handled later by Emisfac, so any inconsistenciesin profile numbering will
not be discovered until then. After reading the speed profile cross-reference file, SMOKE assigns the ap-
propriate speed profile code to each source in the inventory by matching different combinations of FIPS
codes and SCCs.

2.16.4. Create the speed summary file

The final major task for Mbsetup isto create the speed summary SMOKE intermediate file (SPDSUM),
which is needed by both Premobl and Emisfac. Thefilelists al the sources in the inventory that need
speeds, and the speed value to use for the source or the speed profile code for that source; the source’s
MOBILES facility type (freeway, arterial, local, or ramp); and the reference county to be used for that
source. Thisfileis created in such away that sources in the same reference county that share the same
speeds will be grouped together, so that the MOBILESG calculation of their emission factors will need to
be done only once in the Emisfac step.

2.16.5. Process the meteorology data for use by MOBILEG

The Premobl program processes hourly, gridded meteorology datato get them ready for useby MOBILE6
in the Emisfac program. The major purposes of the processing are to spatially and temporally aggregate
the temperature, humidity, and pressure data and to align the data's time steps with the local 6 AM to 5
AM hour range needed by MOBILES.

The Premobl program must first determine whether the available meteorology data are sufficient for the
calculations being requested. It comparesthelist of meteorology datafilesgiveninthe METLI ST filewith
the episode start date (EPI _STDATE) and episode duration (EPI _RUNLEN), calculating the required
coverage period for the meteorology data. Since MOBILE6 expects hourly datato be provided from 6 AM
to 5AM local time, Premobl considersthisin its assessment of the available meteorology data. The
earliest time needed in the meteorology datawill be 6 AM in the time zone closest to GMT (assuming that
the meteorology dataare in GMT). If this earliest timeis earlier than the user-defined episode starting
time, then the episode start date must be moved back one day. Correspondingly, the latest time needed in
the meteorology datawill be 5AM inthetime zonefarthest from GMT (again assuming that the meteorology
dataarein GMT). If thislatest timeis later than the episode end time, the episode ending date is moved
forward one day. Using these adjusted start and end dates and times, Premobl can then determine the total
number of time periods that the meteorology data must cover.

Before computing the averaged temperatures and humidities, Premabl checks several aspects of the input
files to ensure that the averaging will be able to work properly. It verifies that the meteorology files are

valid by ensuring that the user-defined temperature, pressure, and mixing ratio variablesto usein processing
are actually in the files. Premabl also ensures that the grids of the meteorology files are the same and that
the time span covered by all of the filesis contiguous and that the files have the proper start and ends dates
and times. If there are missing meteorol ogy datafiles (missing days), Premaobl generates an error message.
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Premobl also verifiesthat the ungridding matrix is consistent with the inventory (i.e., the number of sources
match between the two) and that the grid matches the meteorology grid.

To compute the averaged meteorology data, Premobl first finds the * GROUP files created by M bsetup to
see which types of averaging are needed. Using the information from these files, Premobl assigns the
correct type of averaging to each county in the domain and inventory. The program then reads the hourly
meteorology data and applies the ungridding matrix to calculate county-based data, checking that the
temperatures are within the minimum and maximum range allowed by MOBILES6. As each hour of data
isread, Premobl shiftsthe datafor each source to the appropriate local time based on the time zone of the
source. For averaging types other than daily averaging, data corresponding to the same source and hour
of the day (1-24) are summed across the days in the episode and a count is kept of the total days. Once all
hoursfor the averaging period (week, month, or episode) have been processed, the summed valueisdivided
by the total number of days in the averaging period. Additionally, the data for each hour are summed for
all sourcesassigned to acounty or reference county (depending on the spatial averaging used), then divided
by the total number of sources summed.

After computing the average 24-hour temperature and humidity profiles, Premaobl outputs the datato the
appropriate file depending on averaging type. For daily profiles (no temporal averaging), each day is
written to a separate file. Weekly profiles are written by week starting on Sunday and ending on Saturday.
Monthly profiles follow the calendar dates, so a separate file is written for each month using the date for
the first of the month in the file. The weekly or monthly fileswill never begin before the adjusted episode
start date or end after the adjusted episode end date; for example, if the episode starts on a Tuesday, the
first weekly filewill also start on Tuesday (not the previous Sunday) and the subsequent fileswill start on
a Sunday. Finally, for episode-based averaging, asingle file is written that covers the entire episode.

2.16.6. Compute the criteria and toxics emission factors
using MOBILEG6

After Premobl has been run, the Emisfac program runs MOBILE6 and creates the emission factor files
needed for on-road mobile-source processing by the Temporal program. Emisfac performs a number of
input file and other checks, then creates a concatenated MOBILESG input file; it concludes by running
MOBILES6 and writing an emission factors file. These steps are described in more detail in the following
paragraphs. Emisfac must be run once for each averaging group (daily, weekly, monthly, and episodic),
and it outputs emission factors at the same temporal resolution as the meteorology data that are input.

First, Emisfac performs setup and internal checks. It opens and reads the inventory file, speed summary
file (SPDSUM), list of MOBILEG scenarios (M6LI ST), emission processes file (MEPROC), inventory table
(I NVTABLE), speed profilesfile (SPDPRO), and first hourly meteorology file. It also opens a* GROUP
file, depending on what setting is given to the GROUP_TYPE environment variable, which setsthe averaging
group. Using the emission processes file (MEPROC), Emisfac sets up alist of the process-pollutant com-
binations that will be generated by the program’s run and ensures that thislist isvalid in MOBILES. It
also checks to see which hydrocarbon type it should create, using the MB_HC_TYPE setting.

Emisfac also usestheinventory table (I NVTABLE) to create alist of pollutantsto be subtracted fromVOC
or TOG to calculate NONHAPVYOC or NONHAPTOG. If the output hydrocarbon type is not TOG or
VOC, this step is skipped. Otherwise, any pollutants listed as part of VOC or TOG in the inventory table
and also listed in the MEPROC file (i.e., actually calculated by MOBILES) are subtracted from TOG to
create NONHAPTOG. Pollutantslisted only as part of VOC in theinventory table and listed in the VEPROC
filewill be subtracted from VOC to create NONHAPVOC - hence, these two files must be consistent.
Emisfac also prints these listed pollutants to the log file.

Emisfac next creates a concatenated MOBILESG input file by taking the following steps:
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» First, Emisfac createsthe header for the MOBILEG input file; this header indicates what type of output
to create and which pollutants should be calcul ated, based on the MEPROC file. Pollutants that arein
the MEPRCOCfile but are not intrinsic to MOBIL E6 are assumed to be user-defined toxics and awarning
iswritten to that effect in thelog file. This section of the MOBILESG input is concluded by writing the
RUN DATA command.

» Next, Emisfac loopsthrough the reference counties and opensthe appropriate MOBIL E6 input scenario
(as set by the M6LI ST file) for agiven county. The user must provide separate MOBILEG input scen-
arios for each reference county. SMOKE chooses the correct scenario by comparing the state and
county FIPS code for the reference county with the scenario file names. After reading the data from
the scenario file, SMOK E checksthe scenario for various commands, and comments out the commands
that it overrides - for example, SCENARIO RECORD, PARTICLE SIZE, and AVERAGE SPEED.
Emisfac also overridesthe CALENDAR Y EAR command to use the EF_ YEAR environment variable
setting. If the temperatures in the MOBILE6 scenario are to be replaced with values calcul ated by
Premobl, Emisfac will find the MIN/MAX TEMPERATURE or HOURLY TEMPERATURES
command in the scenario and replace it with the appropriate hourly temperatures from the average-
temperature input file for the temperature group being processed. Likewise, if the humidity dataare to
bereplaced, Emisfac replacesthe BAROMETRIC PRESSURE and RELATIVEHUMIDITY commands
with the appropriate data cal culated by Premabl.

e Any run-level commands, such as|/M or anti-tampering program commandsin the MOBILESG inputs,
are then passed through to the concatenated input file. Run-level commands are any commands that
appear before the SCENARIO RECORD command in the user-provided scenario files. Emisfac also
inserts the appropriate EXPRESS HC AS * command, depending on the desired hydrocarbon output

type.

» Emisfac next uses data from the speed summary file to determine which speeds are needed for the
current county. A new external datafile to be used with the SPEED VMT command is created for each
combination of freeway and arterial speeds. The location of the speed VMT filesis determined by the
SMK_SPDPATH environment variable. If speed profiles are being used, the speed profile number has
been stored in the speed summary file, and Emisfac will ook for the corresponding speed profilein
the speed profilesfile. Otherwise, Emisfac will use the single speed from the speed summary file as
the speed for each hour. The hourly speeds are then converted to the format required by the SPEED
VMT command, the ramp component of the speeds is optionally removed, and the values are written
to the external datafile. Whether or not the ramp component is removed is controlled by the AD-
JUST _| NV_SPEEDand ADJUST_HR_SPEED environment variablesfor inventory speeds and speed
profiles respectively.

» Each speed combination corresponds to a new scenario in the concatenated MOBILES file. Emisfac
writesthe SCENARIO RECORD command with anew scenario number, and then writesthe remaining
lines of the original scenario file to the concatenated input file. Finaly, the SPEED VMT command is
written; it includes the name of the external datafile created in the previous step.

» After all speed combinations have been accounted for, Emisfac writes the END OF RUN command
to the concatenated input file. It then goes on to the next reference county and repeats the process.

Thelast major processing step for Emisfac isto compute the emission factors. Before running MOBILES,
Emisfac opensthe output file, so that if there is any problem opening thefile (e.g., the directory assigned
to contain thefile does not exist), this problem is discovered beforetimeisinvested in running the MOBILE6
program. The emission factor filesare stored using an internally defined namein the user-defined directory
(set with the SMK_EM SPATH setting).

Emisfac runs MOBILE6 asafunction call. MOBILE6 reads the concatenated input file created by Emisfac
and cal culates the appropriate emission factors. The version of MOBILES6 used by SMOKE has been
modified to aggregate the emission factors to the eight vehicle types needed by SMOKE, because these
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2.17.

are the vehicle types for which VMT data are currently available. Any warnings or errors generated by
MOBILES6 are written to the Emisfac log file and the standard output (e.g., the screen). When particul ate
emission factors need to be computed, Emisfac runs MOBILES twice to calculate emission factors for
both particle sizes (2.5 and 10 microns), since MOBILEG6 can generate emission factorsfor only one particle
size at atime. Emisfac calculates a coarse PM value (PMC) from PM,, 5 and PM 4 using the formulaPMC
= PM g - PM,, 5. For each hour and source, Emisfac locates the correct emission factors based on vehicle
type, road type, and speed. For freeway sources, Emisfac computes acomposite emission factor that includes
the effects of ramps. Emisfac will also compute NONHAPVYOC or NONHAPTOG if needed, by subtracting
the appropriate toxics emission factors from the VOC or TOG emission factors. Last, Emisfac writes the
hourly emission factors.

If additional days of meteorology filesare available, Emisfac regenerates the concatenated MOBILE6 input
file and performs the processing steps again. All 24-hour emission factor sets for each averaging group
are written to separate files. When there are no more averaged meteorology files available (no more days,
weeks, or months to process), the program compl etes.

Mobile-source processing with MOVES

MOVES isthe U.S. Environmental Protection Agency's (EPA) Motor Vehicle Emission Simulator. In the
modeling process, the user specifies vehicle types, time periods, geographical areas, pollutants, vehicle
operating characteristics, and road types to be modeled. The model then performs a series of calculations,
which have been carefully devel oped to accurately reflect vehicle operating processes (such as cold start
or extended idle) and provide estimages of bulk emissions or emission rates.

An important feature of MOVES isthat it allows users to choose between (1) the Inventory calculation
type, which provides emission ratesin terms of total quantity of emissionsfor agiven time period; and (2)
Emission Rate calculation type, which gives emission rates in terms of grams/mile or grams/vehicle/hour.
For large-scal e emissions modeling such asthat needed for regional - and national-scale air quality modeling
projects, it is desirable to use the Emission Rate cal culation type, which populates emission rate lookup
tables that can then be applied to many times and places, thus reducing the total number of MOV ES runs
required.

The successful use of the MOV ES Emission Rate calculation type requires careful planning and a clear
understanding of emission rates calculation in MOVES. To reduce the time and effort required of the user
for this process, and to help the user obtain more accurate modeling results, the SMOKE-MOVES integration
tool was created (Baek and DenBleyker, 2010). Thistool consists of aset of scripts that automate the
proper use of the Emission Rate calculations for the purpose of estimating mobile-source emissionsfor air
quality (AQ) modeling.

The SMOKE-MOVES integration tool consists of a set of scripts that automate the proper use of the
Emission Rate cal culationsfor the purpose of estimating mobile-source emissionsfor air quality modeling.
The SMOKE-MOVES Integration tool provides three major functions:

1) Meteorological data preprocessor

e Themeteorological datapreprocessor program M etdmoves prepares spatially and temporally averaged
temperatures and relative humidity datato set up the meteorological input conditions for MOVES and
SMOKE using the Meteorology-Chemistry Interface Processor (M CIP) output files.

2) MOVES model processing

*  The MOVESdriver script creates dataimporter files and the MOVES input file (runspec), which spe-
cifies the characteristics of the particular scenario to be modeled.
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e The MOVES postprocessing script formats the MOV ES emission rate lookup tables for SMOKE.
3) SMOKE model processing

* The SMOKE postprocessing program M ovesmr g estimates emissions from on-road mobile sources
based on MOV ES-based emission rate lookup tables and meteorology data from M et4moves.

e Creates hourly gridded speciated air quality model-ready input files.

» Produces various types of reports for users.

2.17.1. Meteorology Data Processing

With the specified reference county and reference fuel month approach for temperature and RH calculation
for MOV ES and SMOKE modeling systems, M etdmoves uses hourly min/max temperatures and averaged
RH over the spatial region that includesall of theinventory countiesin acounty group over the user-defined
modeling period. The current version of M et4moves supports only the monthly averaging method (versus
daily or episodic) to create min/max temperatures and averaged RH for al inventory countiesin the county
group(s). M etdmoves determines the min/max grid cell temperatures and associated RH for both SMOKE
and MOVES, and computes average 24-hour temperature profiles using M eteorol ogy-Chemistry Interface
Processor (MCIP) output files for usein MOVES. These M etdmoves program is discussed in detail in
Section 6.9, “M etdmoves’ [262].

The 24-hour temperature profiles are averaged over a user-specified time period and grid cellsfor al ref-
erence counties. For the MOV ES model driver scripts, M et4moves outputs monthly average RH, min/max
temperatures, and 24-hour temperature profilesin local timefor al reference countiesinto one output file.
For the SMOKE model, M et4moves outputs county-specific min/max temperatures and averaged RH
valuesin local time for every inventory county and averaging period in the modeling inventory.

2.17.2. MOVES Processing Scripts
2.17.2.1. MOVES Driver Script

Theinputs to the MOV ES Driver Script include the temperature and humidity conditions output from

M etdmoves and two additional inputs, the RunControl and RepCounty files. The RunControl file contains
pollutant selections and the file path location to the M et4moves output. The RepCounty file containsfile
path locations to user-created MOV ES-formatted inputs for age distribution, fuel supply and formulation,
inspection and maintenance programs, county level population and annual VMT for each reference county.
Precise formats of the RunControl and RepCounty files can be found in the User’s Guide for the SMOKE-
MOVES Integration Tool.

2.17.2.2. MOVES Post-Processing Script

A MOVES Driver Script to automates the MOV ES run setups and prepare two kinds of batch files. When
launched, the batch filesinstruct MOV ES to:

* import datainto MySQL County Scale databases
* run MOVES for each runspec file

The resulting RatePerDistance, RatePerVehicle, and RatePerProfile tables, after enhancement from the
Post-processing script, contain all the conditions needed for regional modeling using SMOKE.
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Once aMOVES batch run completes, MOV ES popul ates the three output |ookup tables with formats listed
inTable 2.10, “MOV ES Emission Rate Lookup Table (MOVES Format)” [105]. A MOV ES Post-Processing
Script in Perl interactswith MySQL to modify the default formats shownin Table 2.10, “MOVES Emission
Rate Lookup Table (MOVES Format)” [105] into a format readable by SMOKE, shown in Table 2.11,
“MOVES Emission Rate Lookup Table (SMOKE Format)” [106].

Table 2.10. MOVES Emission Rate Lookup Table (MOVES Format)

RatePer Vehicle RatePer Profile
RatePer Distance (grams/mile) (grams/vehicle/hour) (grams/vehicle/hour)
MOVESScenariol D MOV ESScenariol D MOVESScenariol D
MOVESRunID MOVESRunID MOVESRunID
yearlD yearlD temperatureProfilel D
monthlD monthlD yearlD
daylD daylD daylD
hourlD hourlD hourlD
linkID zonelD pollutantI D
pollutantI D pollutant| D processiD
processiD processiD sourceTypel D
sourceTypel D sourceTypel D SCC
SCC SCC fuel TypelD
fuel Typel D fuel Typel D model Year|D
model Year|D model Year|D Temperature
roadTypel D Temperature ratePerProfile
avgSpeedBinID ratePerVehicle
Temperature
relHumidity
ratePerDistance

The MOV ES Post Processing Script converts the MOVES format Emission Rate L ookup Table to the
SMOKE format Emission Rate Table by performing the following:

* Parsesthe state-county FIPS code from linklD, zonel D and TemperatureProfilelD and stores it asa
unique field, countyID.

e Convertsthe partialy speciated exhaust particul ate matter (PM) output by MOVES into the species
needed for air quality modeling (PNO3, METAL, NH4, POC, PMFINE, PMC). The speciation equations
were developed by EPA OTAG and OAQPS. The advantage of using this approach over the approach
used for speciating total PM2.5 is that this approach allows the speciated emissions from MOVES;
i.e., elemental carbon and particulate sulfate to be retained and only the remainder of the PM2.5to rely
on speciation profiles. The speciation equations are available in the SMOKE-TOOL S User Guide
href="http://www.smoke-model .org/smoke_moves tool/SMOKE-MOVES Tool Users Guide.htm"

» Removes fields that are uninformative to SMOKE, including the MOV ES source type, fuel type and
road type, hourl D in RatePerDistance, TemperatureProfilel D in RatePerProfile.

» Reduces the output database table size by performing a cross-tab query on the pollutant emissions,
listing each pollutant in a separate field rather than in a single column with a higher number of data
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records. The script also sorts the lookup tables by countyl D, monthID and SCC for more efficient
processing in SMOKE.

»  Writeout toan ASClI file the three processed tables RatePerDistance_smoke, RatePerVehicle smoke,
and RatePerProfile_smoke.

Table 2.11. MOVES Emission Rate Lookup Table (SMOKE Format)

RatePer Distance_smoke RatePer Vehicle_smoke RatePer Profile_smoke
(grams/mile) (grams/vehicle/hour) (grams/vehicle/hour)
MOV ESScenariol D MOV ESScenariol D MOV ESScenariolD
MOVESRunID MOVESRunID MOVESRunID
yearlD yearlD yearlD
monthl D monthl D monthl D
countylD daylD daylD
SCC hourlD hourlD
processName countylD countylD
avgSpeedBinin SCC SCC
Temperature processName processName
relHumidity Temperature (for each grid cell) | Temperature (24hr temporal pro-
file)
(6(0) CO THC
TOG NOX TOG
BENZENE PM100C VOC

2.17.3. SMOKE Model Processing

Once the M et4moves meteorology preprocessor and the MOV ES model processing that resultsin the
SMOKE-formatted emissionsfactor |ookup tables are completed, we address the remaining major component
of the SMOKE-MOVEStool: the SMOKE model processing step. The goals of thisstep are (1) to estimate
emissionsfrom on-road mobile sources based on MOV ES-based emissionsookup tables and meteorology
data, (2) to create hourly gridded speciated air quality model-ready input files, and (3) to produce various
types of reports for the user.

As some readers are awvare, MOBILE6 and MOVES are both vehicle emissions modeling systems used
with SMOKE. However, they differ in their approaches to calculating off-network evaporative emissions.
In MOBILES, off-network emissions processes are calculated as emission factorsin grams/mile, whichis
related toVMT. MOVES, on the other hand, uses the source (vehicle) type population (VPOP) to calculate
start and off-network evaporative emissions, which are assighed to off-network emissions processes; these
processes are hour-dependent due to VPOP (activity) assumptions built into the MOV ES model. Thus,
compared to the SMOK E-MOBILE6 approach, the SMOK E-M OV ES approach requires additional vehicle
population inventory data as input for estimating mobile-source emissions from off-network emissions
processes. This requirement is reflected in the discussion below.

When processing mobile-source emissions from MOV ES, SMOKE performs the following basic steps.

» Smkinven imports county-total VM T and average speed data by SCC for On-roadway Emission Pro-
cesses and county-total vehicle population (V POP) by vehicletypefor Off-network Emission Processes.
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2.17.4. Create Air Quality Data Input Files

e Spcmat computes the chemical speciation factors for each county, source (=vehicle) type, road type,
emission process, and pollutant, and stores the necessary factors for the VM T-to-species and V POP-
to-species transformations.

» Grdmat alocates the county sources to grid cells and uses spatial surrogates to allocate county-total
VMT and VPOP to grid cells, storing the factors needed for these allocations.

» Temporal computes hourly VMT data for On-roadway Emission Processes. Off-network Emission
Processes (RPV and RPP tables) co not requirethe TEM PORAL program because vehicle population
does not need to be temporally allocated.

The way the MOV ES-generated emissions factor lookup tables are used varies according to whether
SMOKE is modeling on-roadway emission processes or off-network emissions processes.

On-roadway emission processes: When estimates of on-roadway emission processes (e.g., exhaust running,
on-road evaporative, tire and brake wear) are needed, SMOKE requires county-total VMT and average
hourly speed (SPEED) inventory data as inputs to a new SMOKE postprocessor called M ovesmrg which
ispart of the SMOKE-MOVEStool. M ovesmr g usesthe MOV ES RatePer Distance (RPD) table (SMOKE
format) to estimate on-road sources emission. The key lookup fields for the factors are gridded hourly
temperature and average hourly speed from the avgSpeedBinID field. SMOKE interpolates in the RPD
table (in unit of grams/mile) based on gridded hourly temperature and average speed. Figure 2a shows
processing steps for on-roadway emissions processes in the SMOKE system using VMT and SPEED in-
ventory input data.

Off-network emission processes: When estimates are needed for off-network emissions processes, including
the off-network vapor venting emissions process, SM OK E uses county-total VPOP by vehicletype asinput
to M ovesmr g together with the RatePerVehicle (RPV) and RatePerProfile (RPP) lookup tables Figure 2.16,
“MOVES mobile off-network processing steps’ [48]. A significant difference in the processing steps
between the on-roadway emissions processes (RPD table) and the off-network emissions processes (RPV
and RPP tables) is that off-network emissions processing does not require the TEMPORAL program step
because vehicle population (VPOP) does not need to be temporally allocated. In the RPV table, gridded
hourly temperature and hour of the day are the key lookup fields SMOKE usesto estimate hourly off-network
emissionsin unit of grams/vehicle/hour. For the evaporative fuel off-network vapor venting emissions
process only, M ovesmr g uses the RPP |ookup table to estimate the emission rates based on the minimum
and maximum temperatures computed by M et4moves.

For all three emission rate |ookup tables (RPD, RPV, RPP), SMOKE performs linear interpolation when
using them.

2.17.4. Create Air Quality Data Input Files

Movesmrg is a new, mobile-sources-only program, loosely based on the SMOKE program Smkmerge,
that combines the intermediate files produced by the other SMOKE programs (i.e., Smklnven, Grdmat,
Spcmat, TEMPORAL). Themovesmrg programisdiscussed in detail in Section 6.10, “M ovesmrg” [265].
Similar to Smkmerge, the main goal of M ovesmrg isto create (1) gridded, speciated, hourly air quality
model -ready input files and (2) county-level SCC summaries. The primary difference between M ovesmrg
and Smkmergeisthat M ovesmrg uses the SMOKE Formatted MOV ES emission rate lookup tablesto
compute emissionson thefly, by multiplying the emissionsfactors by hourly VMT (for RPD) or by monthly
or annua vehicle populations (for RPV or RPP).

M ovesmrg must be run three times to compute on-roadway and off-network (including vapor venting)
emissions processesindividually, since the emission rate cal culation methodsin SMOKE for these categories
are quite different. Once all three emissions processes have been computed, the emission output files can
be merged (optionally along with other 2 D sectors separate from onroad) using MRGGRI D, which
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2.18

combines any number of 2 D or 3 D hourly, gridded, and speciated emission data files. See the section
Section 6.12, “Mrggrid” [271] for more details on the above programs.

« RPD and RPV Emission Calculations

For its RPD and RPV lookup table calculations, M ovesmr g uses the gridded hourly temperaturesin
GMT, and tehn adjusts the hour of the RPD and RPV lookup tables from local timeto GMT to get the
emission rates for the referene county for the appropriate month. The key lookup fields for the factors
are hourly temperature and avarage speed for the RPD lookup table cal cul ation, and hourly temperature
and hour of the day in local time for the RPV table calculation.

* RPPEmission Calculations
For the RPP lookup table calculations, M ovesmr g uses the RPP lookup table as an input file for the
emission rates that depend not on the gridded hourly temperatures, but on the temperature profiles
output by the M et4moves program. The emissions estimates based on the RPP table are computed for
the temporal averaging period specified for the temperature profiles, rather than using hourly gridded
meteorology.

Biogenic processing

The SMOKE system uses a more advanced emissions modeling approach for biogenic processing than it
uses for the other source types. For biogenic emissions, the temporal processing is atrue simulation model
driven by ambient meteorology and other data. SMOKE currently supports two methods for computing
biogenic land use: BEIS2 and BEIS version 3.09 and version 3.14 (hereafter referred to as BEIS3). The
overall processing performed by both these modelsis quite different from the processing done for anthro-
pogenic source categories. BEIS2 and BEIS3 start with spatial allocation of land use data as the first pro-
cessing step (which isthe same asimporting the raw inventory data for anthropogenic sources). They next
compute normalized emissions for each grid cell and land use category. The final step is adjusting the
normalized emissions based on gridded, hourly meteorology data and assigning the chemical speciesto
output a model-ready biogenic emissions file. The following two subsections provide more detail about
the two biogenic models in SMOKE and give references to additional detail elsewhere.

2.18.1. BEIS2 processing

SMOKE/BEIS2 can use either county land use or gridded land use data to generate the normalized emissions
values. The land use types that must be provided are specific to BEIS2 and can be created from either the
BEL D2 or BELD3 land coverage datasets. The SMOKE Beld3to2 program can take the BEL D3 data used
in BEIS3 modeling and convert them for usein BEIS2 modeling. The Rawbio program uses either acounty
land usefile (BCUSE) or gridded land use file (BAUSE), and it also uses BEIS2 normalized emission factors
for either summer or winter. If the county land use data are used, Rawbio requires a spatial surrogatesfile
(BGPRO) for spatialy distributing the emissions to the grid cells. It combines these data and outputs nor-
malized biogenic emissions. If both summer and winter emission estimateswill beincludedin thetemporal
allocation step, then Rawbio must be run twice--once for summer and once for winter.

The next step in creating biogenic emissionsis making hour-specific adjustmentsto the normalized emissions
based on the hourly gridded meteorology. The Tmpbio program reads the M CIP meteorology data and
makes these adjustments; these include the effects of temperature and solar radiation. The winter emission
factors are to be used during the winter period, which is defined as being after the first date of freezing
ground temperature and beforethe last date of freezing ground temperature. The SMOKE M etscan program
can determine thistime period and create a gridded file that indicates whether each grid cell isin awinter
or summer period for each day of the year. Using thisfile, which is optional, will cause Tmpbio to read
and use both the winter and summer normalized emissions files from Rawbio. Whether the winter or
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summer normalized emissionsare used for agiven grid cell and hour is set by the output from the M etscan
program.

Users can define the chemical speciesthat are output from Tmpbio using the speciation profilesfile,
GSPRO. In thisfile you can set an environment variable (Bl OG_SPRO) that indicates which speciation
profile code should be used for biogenic emissions. Tmpbio looks for the “inventory pollutants” OVOC,
NO, and TERP in the GSPROfile and splitsand/or aggregates these data as specified by the chosen speciation
profile. Tmpbio outputs two files with hourly, gridded, and speciated data, one file in moles/hour and a
second file in grams/hour. The moles/hour file must be combined with the anthropogenic filesto create
model-ready emissions and perhaps convert its units to moles/second for CMAQ, whichis explained in
Section 2.19, “ Creating model-ready emissions’ [109]. The grams/hour file can be read by Smkmergeto
create state and county total emissions reports.

2.18.2. BEIS3 processing

2.19.

SMOKE also includes two versions of BEIS3: version 3.09 and version 3.14. The conceptsin BEIS3 are
similar to thosein BEIS2, except the program Nor mbeis3 (instead of Rawbio) reads gridded land use data
from threefilesin I/O API input format (BELD3_A, BELD3_B, and BELD3_TQOT). Most users rely on
the BEL D3 database to generate these gridded land use files, but other land use databases may be used,
provided the vegetation types and file formats are consistent with the BELD3_A, BELD3_ B, and
BELD3_TOT files. This database consists of high-resolution (1-km horizontal resolution) land use data
for 230 land use types. Nor mbeis3 creates normalized biogenic emissions for both winter and summer.
The Tmpbeis3 program reads the M CI P meteorol ogy data and makes these adjustments; these include the
effects of temperature and solar radiation. The winter emission factors are to be used during the "winter"
period, which is defined asbeing after thefirst date of freezing ground temperature and before the last date
of freezing ground temperature. The SMOKE M etscan program can determine thistime period and create
agridded file that indicates whether each grid cell isin awinter or summer period for each day of the year.
Using thisfile, which is optional, will cause Tmpbeis3 to read and use both the winter and summer nor-
malized emissions files from Nor mbeis3. Whether the winter or summer normalized emissions are used
for agiven grid cell and hour is set by the output from the M etscan program. Users can define the chem-
ical species that are output from Tmpbeis3 using the speciation profile file, GSPRO. In thisfile, you can
set an environment variable (Bl OG_SPRO) that indicates which speciation profile code should be used
for biogenic emissions. Note that this GSPROfileis different than the one used for BEIS2. Moreinformation
on Normbeis3 and Tmpbeis3 is provided in Section 6.13, “Normbeis3” [274] and Section 6.20, “Tmp-
beis3” [319].

Creating model-ready emissions

Creating emissions with SMOKE that are ready for input to an AQM must always include merging the
hourly emissions created during temporal processing with the gridding matrices and the speciation matrices.
In addition, for point sourcesfor CMAQ or MAQSIP, creating the model-ready emissions must also include
merging with the layer fractions (see Section 2.15.1, “Computing layer fractions for CMAQ and MAQ-
SIP’ [95]), and for UAM-based modelsit must include creating the ASCI | elevated file (see Section 2.15.2,
“Cresgting an el evated-sourcefilefor UAM, REMSAD, and CAMy” [97]). The Smkmer ge program performs
these processing steps using vector-matrix multiplication to combine the matrices and layer fractionswith
the hourly emissions vectors from the Temporal program.

If the overall SMOKE processing setup includes running the nonroad mobile category (or other source
categories) as separate runs (see Chapter 4, Using SMOKE Scripts [139], then Smkmer ge cannot be used
to combine all source categories into asingle output file. Instead, the Mrggrid program would combine
the model-ready filesfrom the individual source categories; for example, from separate SMOKE (including
Smkmerge) runsfor stationary area/nonpoint, nonroad mobile, windblown dust, wildfire, on-road mobile,
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2.20.

and point sources. There is no limit to the number of model-ready files that Mrggrid can combineinto a
single model-ready file, and the input files can be 2-D or 3-D.

Smkmerge can be run for any or all SMOKE source categories, but it can use only one of each SMOKE
inventory type (area, biogenic, mobile, and point source) per run. You can run it to create model-ready
filesfor only one SMOKE source category (area, biogenic, mobile, or point), or you can run it to create
both the individual and combined model-ready files. The following list indicates the modes in which
Smkmerge can be run:

* Runfor SMOKE area sources to create gridded, hourly, speciated emissions in moles’hour or
moles/second. Can be used for all area sources and/or nonroad mobile sources.

* Runfor SMOKE mobhile sourcesto create gridded, hourly, speciated emissionsin moles’hour or moles/
second.

* Runfor SMOKE point sources to create 3-D gridded, hourly, speciated emissions in moles/hour for
MAQSIP and moles/ second for CMAQ, or run to create 2-D gridded, hourly, speciated emissionsin
moles’hour for UAM, REMSAD, or CAMy and an ASCI| elevated-point-source file.

* Runto convert the units and calculate state and county totals of biogenic emissions output by the
Tmpbio or Tmpbeis3 programs.

* Runto perform any combination of the previously listed steps simultaneously and create a combined
model-ready file that includes multiple source categories. In thismode, only one each of SMOKE area,
mobile, point, and biogenic sources can beincluded. The same output units must be used for all source
categoriesin asingle run.

When creating model-ready emissions for any of the anthropogenic source categories, you may choose to
apply one or more control matrices to the emissions to create controlled model-ready emissions. For each
source category (area, mobile, or point), you can apply one multiplicative control matrix and one reactivity
control matrix per run per source category. Smkmer geisthe only way you can apply the reactivity control
matrix to the inventory, while the multiplicative control matrix can be applied by either Smkmerge or the
Grwinven program.

Many processing stepsin SMOKE are independent of one another; for example, chemical speciation and
temporal allocation can change without affecting one another. This independence means that when one
step changes, another step does not need to be rerun in many cases. However, because Smkmer ge combines
the data from al of these processing steps to create the model -ready emissions, if one of the earlier steps
changes, then the merging step must also be rerun. Thisincludes rerunning Smkmer ge to generate model -
ready files, and if the Mrggrid program was used, also rerunning that to merge data from multiple source
categories together.

Smkmerge aso has the ability to input hourly emissions by day of the week and reuse days that are the
same. For example, it can input separate hourly emissions files for Monday, a weekday, Saturday, and
Sunday, and use these four files to generate model-ready emissions for every day in an entire month. This
is accomplished using the MRG_BYDAY SMOKE option, described further in Section 6.17, “ Smk-
merge’ [294]. Special treatment can also be given to holidays in this case, since users generally wish to
model holidays differently than other days.

Quality assurance

Quality assuring SMOKE emissionsincludes a combination of (1) steps performed by SMOKE programs
and (2) postprocessing steps performed by the user.
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The SMOKE components that play arolein quality assurance consist of the following:

1

The various SMOKE programs perform file format checks of al input files to ensure that the files
can be read. The programs write errors and warnings if files cannot be read properly.

SMOKE gives error and warning messages about inventory data that are not complete or are invalid,
and about problems or possible problems combining the inventory data with the support files.

Core SMOKE programs create reports, such as the area-to-point report provided by Smkinven and
the control reports provided by Cntimat.

The Smkreport program reports emissionstotal s at various levels of data aggregation. Thisreporting
capability currently allows you to generate reports of emissions by source, SCC, region (e.g., state,
county, or user-defined region), road class, layer, hour, grid cell, speciation profile, gridding surrogate
code, temporal profile, and elevated status. The most powerful reporting featureisthat you can combine
these reporting resolutions in any combination. In addition, reports can be created at each stage of
processing (import, gridding, speciation, temporal alocation, layer assignment) or any combination
of stages.

Smkreport can combine information from any SMOKE intermediate files (e.g., intermediate inventory
file, speciation matrix, gridding matrix) to create emissions reports. One input file to Smkreport, called
the REPCONFI Gfile, instructs Smkreport on how many and which reports to create. The REPCONFI G
file contains a series of instructions that can be set by the user to control the contents of the reports. More
details about Smkreport and the REPCONFI Gare provided in Section 7.2, “ Smkreport Program” [327]
and Section 7.3, “REPCONFI Glnput File” [330].

The second major component of quality assuring the SMOKE emissions processing involves users taking
steps to evaluate the information/reports provided by SMOKE. These steps include:

1.

Check that the correct settings have been selected in the run scripts, including the settings that control
which SMOKE programs are run.

Check thelog filesfrom all SMOKE programsfor errors and warnings. Errorswill keep the programs
from running successfully, so the source of the error must be identified and repaired. Warnings may
indicate that a problem exists that needs to be addressed, or warnings can be ignored if they are not
something that will impact the results for the particular inventory of interest.

Compare the emissions totals provided by Smkreport (e.g., by state and county) to totals of the
emissionsinventories computed outside of SMOKE. Also, compare the emissionstotalsfrom SMOKE
between each of the processing stages. For example, for area sources, compare the emissions after
inventory import, gridding, chemical speciation, temporal allocation, and final merge to ensure that
the emissions are consistent from step to step. This involves some subjectivity because the emissions
doinfact change from step to step, and the magnitude of those changes depends on the support input
files SMOKE uses with the inventory.

Check that the correct chemical speciation profiles, temporal profiles, and gridding surrogates were
applied, using reports that provide this information from Smkreport.

Perform other specific checks of Smkreport outputs, such as ensuring that the correct major point
sources are in the inventory, comparing popul ation-normalized emissions among the counties, and
checking stack parameters from point sources.

Ensure that the emissions data look reasonable by viewing them in the Visualization Environment
for Rich Data Interpretation (VERDI).
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Chapter 7, SVIOKE Quality Assurance [327] provides much additional detail about how to proceed with
quality assuring your inventories and emissions processing.
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Chapter 3. SMOKE Directories and
Example Data
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3.1. Introduction

The primary user interfacefor SMOKE isaseriesof UNIX scripts. (Other interfaces, such asthe Multimedia
Integrated Modeling System [http://www.epa.gov/asmdnerl/Multimedia/MIMS/] [MIMS], can aso be
used.) Because the basic SMOKE installation and instructions use these scripts, a key factor in using
SMOKE is understanding the directory structure used for reading input files and writing output files. Ad-
ditionally, it iscritical that users know where to find the run scripts and other files that must be configured
for aspecific application of SMOKE. Section 3.2, “ Directory structure” [113] of this chapter describesthe
default directory structure.

Because SMOKE ishased on UNIX scripts, it can a so be reconfigured to use adifferent directory structure.
Thisisuseful if SMOKE isto be used from the MIM Sinterface, incorporated into another modeling system,
or modified to suit the needs of a particular user. In Section 3.3, “How to change the default directory
structure” [132], we describe what must be done to reconfigure the default directory structure to meet such
needs.

In this chapter, we describe the default directory structures set automatically by the Assigns file provided
with the default installation of SMOKE. We discuss a basic directory structure and an advanced structure
that follow the same approach and can easily be adjusted using the Assigns file. For example, you can
change a scenario name in the Assignsfile, and thiswill automatically change all of your intermediate and
output directory names. However, these two directory structures are only examples; as hoted above, SMOKE
is flexible enough to use any structure one wants to create. You could rework the Assignsfile (or even
completely removeit) if so desired, although this would be a much more complex process than changing
afew environment variables. We have devel oped the SMOKE default directory structure based upon ex-
perience gained from many years of emissions modeling; we hope that SMOKE userswill find it useful.

In addition to a default directory structure, SMOKE comes with atest case including example datafiles.
Section 3.4, “Test case datafiles’ [132] provides descriptions about these files including where the files
were obtained. These descriptions are intended to provide you with some background on the datafiles and
a starting point for developing your own modeling files.

3.2. Directory structure

The SMOKE directory structure is the organization of UNIX directories and subdirectories (essentialy
thesameas“folders’ on Windows computers). These directories are defined and created using the SMOKE
Assignsfile. By “defined”, we mean that environment variables are set to the actual path name for each
of thedirectories, and their rel ationshipsto one another areimplicit in these definitions. Aswill be described
inmore detail in Chapter 4, Using SMOKE Scripts[139], you should create an Assignsfile for each modeling
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3.2.1.

case to organize your modeling runs. If created properly, the different Assignsfileswill cause the interme-
diate and output directoriesto be different for each case; this prevents overwriting files from one case with
filesfrom another. Some parts of the directory structure are shared by all modeling cases because they are
usually the same (e.g., SMOKE support files), but the intermediate and output files are not assumed to be
the same because they often differ between cases.

Example Assigns file

Before we can proceed with describing the scripts, we need to introduce the Assigns file. Detailed docu-
mentation on thisfileisprovided in Section 4.3.2, “Assignsfiles’ [142]. For the purposes of the discussion
here, we provide an example Assigns file to help clarify what it is. Because thisfile is quite lengthy, we
have only included excerpts. In this subsection, the Assignsfileissimply a set of setenv UNIX commands
and calls to helper scripts.

The arrangement within the default Assigns file provided with SMOKE is:

*  Shell command (e.g., #/bin/csh -fx for C shell)

» Descriptive global comments

»  Settings for the naming roots

e  Settings for the episode dates and times

e Settingsfor the directory structure and use of theset _di rs. scr helper script
» Settings for SMOKE input and output files and calls to other helper scripts

Thefirst settings section is used for naming roots. These settings allow usersto set the inventory input and
output identifiers, the base-case scenario names, and the grid and chemical mechanism names (see Chapter 4,
Using SMOKE Scripts [139] for more details). The following lines provide the naming roots used in the
default Assigns file provided with SMOKE, ASSI GNS. nct ox. cnaq. cb4pn?25_w ox. us12-nc.
Thisfile and the helper scripts can be found in the $ASSI GNS directory, which we will define in Sec-
tion 3.2.2, “The basic SMOKE directories’ [115].

#
## 1/ 0O Nam ng roots
#
setenv | NVID nct ox # Inventory input identifier
setenv | NVOP nct ox # Base year inventory output nane
setenv | NVEN nct ox # Base year inventory nane with version
set env ABASE nct ox # Area base case out put nane
set env BBASE nct ox # Bi ogeni cs base case out put nane
set env MBASE nct ox # Mobil e base case out put nane
set env PBASE nct ox # Poi nt base case output nane
set env EBASE nct ox # Qut put merged base case nane
setenv METSCEN 12km # Met scenario nane
setenv GRID usl2-nc # &idding root for nam ng
setenv | CAPI _GRI DNAME_1 US12NC 66X52 # Gid selected from GRIDDESC file
setenv 1 QAPI _ISPH 19 # Specifies spheroid type associated with gri
setenv SPC cmag. ch4p25_wt ox # Speci ation type
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The next section of the file includes the settings for the episode:

## Mobi |l e epi sode vari abl es

setenv EPlI _STDATE 2001191 # Julian start date
setenv EPI _STTIME 000000 # start tinme (HHWES)
setenv EPI _RUNLEN 0480000 # run | ength ( HHHMVBS)
setenv EPI _NDAY 2 # nunber of full run days
## Per-period environnent variabl es
setenv G STDATE 2001191 # Julian start date
setenv G STTIME 000000 # start tinme (HHWES)
setenv G TSTEP 10000 # time step (HHWES)
setenv G RUNLEN 250000 # run | ength ( HHWES)
setenv ESDATE 20010710 # Start date of emis tinme-based files/dirs
setenv MSDATE 20010710 # Start date of net tinme-based files
set env NDAYS 1 # Duration in days of each emissions file
set env MDAYS 1 # Duration in days of net time-based files
setenv YEAR 2001 # Base year for year-specific files

As described in Chapter 4, Using SMOKE Scripts [139], these settings control both the way SMOKE runs
(e.g., SMOKE usesEPI _ STDATE, the start date of the episode, to decide what day to start the simulation)
and the way SMOKE namesfiles (e.g., ESDATE is used to help name time-dependent files).

The next section of the Assignsfileis used to set the user-defined input and output directory paths. It uses
ahelper script called set _di rs. scr that appliestheinitial settings made by the Assignsfile to set en-
vironment variablesfor the directories, asdescribed in Section 3.2.2, “ The basic SMOKE directories’ [115].
Theset _dirs. scr script also verifiesthat al of the directories are there and that the permissions of
the directories are group readable and writable.

## User-defined I/O directory settings

setenv SMK_SUBSYS $SMK_HOVE/ subsys # SMXKE subsystem dir
set env  SMKROOT $SMK_SUBSYS/ snoke # Systemroot dir

set env SMKDAT $SMK_HOVE/ dat a # Data root dir

set env ASSI GNS $SMKROOT/ assi gns # SMXKE assigns files

<om tted section>

## Set dependent directory nanes
#
source $ASSI GNS/ set _dirs. scr

Now that we have provided alittle background on Assigns files, we will spend the rest of this chapter de-
scribing the SMOKE directory structure. We will return to discussion of the Assigns file and scriptsin
Chapter 4, Using SMIOKE Scripts[139]. It isimportant to understand the directory structureinformationin
the rest of this chapter before moving on to Chapter 4, Using SMOKE Scripts [139].

3.2.2.The basic SMOKE directories

By default, SMOKE isinstalled in adirectory called SMK_HOVE (the complete process for installing
SMOKE isdescribed in Chapter 12, Downloading, I nstalling, and Compiling SMOKE [515]). Asshownin
the previous section, SMK_HOVE is an environment variable on which other SMOKE directories depend,;
it istheroot directory of al other SMOKE directories. When you install SMOKE, you must define and
create your own SMK _HOVE directory aspart of theinstallation process. Since SMK _ HOVE isan environment
variable, you can choose whatever name you like; we cannot prescribe aname for you because each UNIX
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user has a different computer and disk names. One recommendation that we can make is that SMK_HOVE
be set close to the bottom of a directory structure, such as a short directory name like/ nodel s. Using a
short directory name will limit the overall directory lengths for some of the subdirectories deep within the
SMOKE directory structure. The SMK_HOVE directory used for SMOKE can be the same directory used
toinstall VERDI [http://www.verdi-tool.org] or the 1/O API [http://www.baronams.com/products/ioapi/].

Figure 3.1, “Basic SMOKE directories: thefirst threelevelsof thedirectory structure” [116] showsthefirst
three layers of the SMOKE directory structure. All of the directories in the figure are created during the
SMOKE installation process. From the SMK_HOVE directory stemsthe dat a directory, thescri pt s
directory, andthesubsys directory. Thedat a directory correspondsto the environment variable SMKDAT,
whilethe subsys directory correspondsto SMK_SUBSYS,; the environment variables are shown in par-
entheses underneath the actual directory namesin the figure. Thescr i pt s directory does not have an
associated environment variable since we did not feel that one was necessary. The subsys directory is
discussed in more detail within this subsection. The dat a directory will be described more fully in Sec-
tion 3.2.3, “Locations of input files’ [118], Section 3.2.4, “Locations of intermediate files for base and
growth/control cases’ [123], Section 3.2.5, “L ocations of model-ready output files for base and
growth/control cases’ [129], and Section 3.2.6, “ L ocations of reports’ [131], when we describe thelocations
of input, intermediate, output, and report files. We will not discussthe scr i pt s directory sinceit only
contains two general setup scripts that should not need to be modified under normal SMOKE use.

Figure 3.1. Basic SMOKE directories: the first three levels of the directory structure

edss_tools
($TOOLS_ROOT)
data
($SMKDAT) filesetapi
($FS_ROOT)
$SMK_HOME scripts . i
ioapi
($IOAPIDIR)
subsys
($SMK_SUBSYS) ioapi_includes
($IOINC)
netcdf
(SNETCDFDIR)
smoke
($SMKROOT)

The environment variables shown in parentheses are available to you once you invoke the Assignsfile
from the command line. The run scripts that come with SMOKE invoke the Assigns file to set up the en-
vironment variablesautomatically. To manually invoke the Assignsfile, you must go to the $SIVKROOT/ as-
si gns directory and type

source <Assigns file name>

where<Assi gns fil e name> isreplaced with your specific Assigns file name. Note that SMOKE
only works with variants of the C-shell including csh and tcsh. If you are running a different shell (such
as bash), you will need to switch into a C-shell before sourcing the Assignsfile or running any SMOKE
scripts.

Once thiscommand hasbeen used inaUNIX window (e.g., xterm, terminal, consol€), then the environment
variables are available at the command line or to a script that usesthe Assignsfile. What this meansis that
the UNIX environment “remembers’ the setting of the environment variable. To access the contents of the
variable - in this case, a path name - the dollar sign ($) must be used in front of the variable from a UNIX
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3.2.2. The basic SMOKE directories

prompt or script. From the prompt, thisismost useful for changing directories. For example, after theAssigns
file has been invoked, the command

cd $SVKDAT

will take you to the $SMK_HOVE/ dat a directory, no matter where else in the directory structure you
werelocated when the command wasissued. Similarly, the Assignsfile can use these environment variables
for setting the paths for the input and output files.

Asshown in Figure 3.1, “Basic SMOKE directories: thefirst three levels of the directory structure” [116],
thesubsys directory (creating during installation of SMOKE) contains six subdirectories, each with the
following purposes:

* edss_t ool s: Containsthe source code, makefiles, and library object filesfor the EDSS Toolslibrary,
necessary for compiling SMOKE programs.

« fil esetapi : Containsthe source code, makefiles, and library object filesfor the FileSetAPI library,
necessary for compiling SMOKE programs.

* i oapi : A placeholder location for the I/O API library object files. When compiling SMOKE, the
makefiles ook here for the 1/O API library and the SMOKE scripts ook here for the I/0 API utility
programs. The files can be linked to the main 1/0O API installation which can be located elsewhere.
Please see Chapter 12, Downloading, Installing, and Compiling SMOKE [515] for more information.

* ioapi _includes: Location for the /O API include files, needed for compiling the FileSetAPI
library, EDSS Toolslibrary, and SMOKE librariesand programs. All makefilesthat comewith SMOKE
look herefor the I/O API includefiles.

* net cdf : A placeholder location for the NetCDF library object files. When compiling SMOKE, the
makefiles ook here for the NetCDF library, but the actual library can be linked to the main NetCDF
installation, which can be el sewhere on your computer. Please see Chapter 12, Downloading, Installing,
and Compiling SMOKE [515] for more information.

* snoke: Thisisthe main SMOKE directory. It contains the Assigns files (one per modeling case),
SMOKE source code, makefiles, scripts, and executables.

Figure 3.2, “ Subdirectories of the main SMOKE directory” [117] showsthe subdirectoriesinside the main
SMOKE directory, snmoke; these are al created during the installation of SMOKE. These subdirectories
contain the Assigns files, source code and makefiles, scripts, and executables.

Figure 3.2. Subdirectories of the main SMOKE directory

assigns
($ASSIGNS)

doc
smoke $EDSS_EXE
($SMKROOT) ($SMK_BIN)
scripts
($SCRIPTS)

Src

These five subdirectories have the following purposes:
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» assi gns: Containsthe Assignsfiles and all helper scripts for the Assignsfiles.

» doc: Containsthe files that the SMOKE installation processes use to check that the installation and
testing of SMOKE have worked properly.

* $SMXKE EXE: Thisdirectory contains the executablesfor your particular system. Different directory
names apply to different platforms (e.g., Li nux2_x86pg, | Rl Xn32f 90, SunCS5f 90). For more
information about the various platformsfor which SMOKE isavailable, see Chapter 12, Downloading,
Installing, and Compiling SMOKE [515].

e scripts: Containsrun scripts and other scripts
e scripts/install: Scriptstoinstall SMOKE and check the installation
e scripts/ make: Scriptsfor compiling SMOKE
e scri pt s/ run: Default run scripts and associated helper scripts
» src: Contains subdirectories that store the source code and makefiles for each SMOKE program:
e src/ bi og: Normbeis3, Rawbio, Tmpbeis3, Tmpbio
e src/cntl mat: Cntimat
e src/ emod: Fortran 90 modules used by multiple SMOKE programs
e src/enga: Smkreport

e src/enutil:Aggwndw, Beld3to2, BlueSky2lnv, CEM Scan, Extractida, Geofac, | nvsplit,
Metcombine, Metscan, Pktreduc, Smk2emis, Surgtool, Uam2ncf

e src/grdmat: Grdmat

e src/inc: Include files shared by multiple SMOKE programs
e src/lib: SMOKE library

e src/ no6: MOBILES library

e src/ nobil e: Emisfac, Mbsetup, Premobl

e src/ poi nt: Elevpoint, Laypoint

e src/snki nven: Grwinven, Smkinven

e src/snkmerge: Mrgelev, Mrggrid, Smkmerge

e src/spcnat: Spcmat

e src/tenporal: Temporal

3.2.3. Locations of input files

Input directories, which contain SMOKE input files, are one of the subdirectory types that make up the
$SMKDAT directory shownin Figure 3.1, “Basic SMOKE directories: thefirst three levels of the directory
structure” [116] as$SMK_HOVE/ dat a. In this section, we provide the structure of theseinput directories.
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Figure 3.3, “SMOKE input filesdirectory structure” [119] showsall of theinput directoriesthat stem from
$SMKDAT. In the diagram, note how some paths depend on environment variables set in the Assignsfile.
For example, the | NVI D environment variable listed in Section 3.2.1, “Example Assignsfile’ [114] is
defined by the user (as we will describe in Chapter 4, Using SMIOKE Scripts [139]) to label the inventory
name. This variable is used to build the name of the | NVDI R directory as follows:

| NVDI R=$SMKDAT/ i nvent ory/ $I NVI D

So, if auser decided to label the inventory “nei99”, then the Assigns file would have | NVI D= nei99 and
the | NVDI R directory would be $SIVKDAT/ i nvent or y/ nei 99. Another example of thisin thefigure
isthe SMK_MbPATH directory. The full path depends upon the setting of the MSCEN variable; if MSCEN
isset to“casel”, then SMK_MBPATH would be $SMKDAT/ r un_casel/ st ati ¢/ nb.

In some cases, we do not have environment variables associated with a directory name. One exampleis
the $SMKDAT/ i nvent or y directory. In these cases, we did not assign variables simply because they
were not very useful and we have to limit the number of SMOKE environment variables. Most operating
systems have alimit on the number of environment variables (usually 256), so when the variables were
not really useful we did not assign them. If desired, you can add environment variablesto the Assigns file
and/or theset _di rs. scr helper script.

Figure 3.3. SMOKE input files directory structure

ge_dat contains shared
($GE_DAT) input files

area contains stationary area/non-point raw
($ARDAT) inventory, may also contain nonroad

biog contains gridded land use data

($BGDAT)
$INVID mobile | contains on-road mobile raw inventory
(SINVDIR) ($MBDAT) and other mobile-only input files
dat nonroad if processing nonroad separate,
ata ; ($NRDAT) | contains nonroad mobile raw inventory
inventory
($SMKDAT)
point contains point raw inventory
($PTDAT) | and other point-only input files
contains ARTOPNT, INVTABLE,
Other |  \HAPEXCLUDE, REPCONFIG
contains MCIP-output meteorology files; this
met ——— TUN_SMETSCEN | girectory is often linked to one shared with the
($METDAT) met files being used for the air quality model
tati mé if using MOBILES, contains
TN SESCEN === SIHc ($SMK_M6PATH) | the standard MOBILES inputs

In the list below, we describe the purpose of each of these directories, along with the file namesand in
some casesfile descriptionsfor thosefilesthat you may need to change. You can refer to Chapter 8, SMOKE
Input Files[365] for moreinformation about each of thesefiles (look under thelogical file names). Chapter 4,
Using SMOKE Scripts[139] provides step-by-step instructions on how to create and install each of thefiles
listed.
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3.2.3. Locations of input files

ge_dat : Thisdirectory contains the cross-reference files, profile files, spatial surrogates, and other
filesthat are likely to be shared among multiple cases of processing inventories with SMOKE. The
logical file names for filesincluded in this directory are listed here; many physical files could be
availableinthege_dat directory for each file type. For example, you may have dozens of surrogate
filesfor different modeling grids and several speciation profiles for different model-mechanism com-
binations. More detailed descriptions of thesefilesarein Chapter 8, SMOKE Input Files[365]; descrip-
tions of the example files provide with SMOKE arein Section 3.4, “ Test case data files’ [132].

e BGPRO The spatial surrogates file biogenics (for using county-total land use in Rawbio and/or
computing county-total emissions with Smkmerge).

e SRGPRO_PATH: Thelocation of the spatial surrogates file for nonpoint (stationary area)/nonroad
and on-road mobile sources.

e AGREF, MGREF: The spatial cross-reference files for nonpoint (stationary area)/nonroad and on-
road mobile sources. These two logical file names can all reference the same physical file.

e ATPRO, MTPRO, PTPRQO The temporal profiles files for nonpoint (stationary area)/nonroad, on-
road mobile, and point sources. These three logical file names can al reference the same physical
file.

e ATREF, MTREF, PTREF: Thetemporal cross-referencefilesfor nonpoint (stationary area)/nonroad,
on-road mobile, and point sources. These threelogical file names can all reference the same phys-
ical file.

* B3FAC: The BEIS3 normalized emission factors.

*  B3XRF: The BELD3-to-BELD2 land use cross-reference.

e BCUSE: The BEIS2 county-total land use for al U.S. counties.

 BFAC, S_BFAC, W BFAC: The default, summer, and winter BEIS2 normalized emission factors.

« BI OSEASON: I/OAPI fileindicating which grid cellsin adomain arewinter and which are summer
for biogenics modeling purposes, for each day of the year or episode.

e COSTCY: The country, state, and county information file.
e CRI DDESC: The grid definitionsfile.
* SRCGDESC: The surrogate definitions/description file.

* GSREF, GSPRO, GSCNV: The chemical speciation cross-referencefile, speciation profilesfile, and
pollutant-to-pollutant conversion file (e.g., VOC-to-TOG factors), respectively.

e HOLI DAYS: The dates that SMOKE should process as holidays and the day of the week to use for
each date instead of its actual day of the week (the substitute is usually a Saturday or Sunday).

« PROCDATES: The sequential/non-sequential user-specified dates that SMOKE should process.
e PSTK: The point-source replacement stack parameters.

* SCCDESC, SRGDESC, ORI SDESC, S| CDESC, MACTDESC, NAI CSDESC: The descriptions of
each known SCC, surrogate code, ORIS ID, SIC code, MACT code, and NAICS code.

*  VNAMVAP: The name-mapping file for transforming the 1/0O API file model-species names to the
names used by the model (e.g., renaming CD for REMSAD to CD-1).
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3.2.3. Locations of input files

» inventory: Thelocation of al inventory files for each inventory case (as defined by the $1 NvI D
environment variable in an Assignsfile), land use data, and other data.

$I NVI D: Thisdirectory name depends on the name given to theinventory inthe Assignsfile. (This
isthe case for any directory name in the figure that is preceded with “$” to indicate that it isan

environment variable.) The filesin the subdirectories are specific to your inventory files and mod-
eling case. Thisdirectory contains subdirectoriesfor each of the major source categories by default:

» ar ea: Containsthe nonpoint or stationary areainventories. Optionally, it may contain nonroad
mobile inventories. Can include any inventory that will be processed as a SMOKE area source
(e.g. criteria, particulates, and/or toxics inventories). Files should include:

ARI NV (raw area-source inventory file). If thisisalist file, the fileslisted within it should
also be included in this directory.

GCNTL (control packet file). The growth and control packet filesfor each growth or control
scenario. The default naming scheme for these filesis described in the default SMOKE
scripts.

* bi og: Containsthe gridded BELD3 land use data. Thesefiles arelisted in the Assignsfiles as
BELD3_A, BELD3_B, and BELD3_TOT. Thisdirectory could optionally contain the gridded
BELD2 land use data (if processing using BEIS2); thisfileislisted in the Assignsfile as BGUSE.

* nonr oad: Optional directory for the nonroad mobile inventory, if it is not included with the
other SMOKE area sourcesin the area directory. Files should include:

GCNTL (control packet file). The growth and control packet filesfor each growth or control
scenario. The default naming scheme for these files is described in the default SMOKE
scripts.

NRI NV (raw nonroad-mobile-source inventory file). If thisisalist file, the files listed
within it should also beincluded in this directory.

* nobi | e: Containsthe on-road mobileinventory and other on-road mobile-specific input files.
Files should include:

GCNTL (control packet file). The growth and control packet filesfor each growth or control
scenario. The default naming scheme for these filesis described in the default SMOKE
scripts.

MsLI ST (MOBILESG input fileslist). With the default SMOKE scripts, thisfileis generated
automatically based on the MCREF fileand thefileslisted inthenb_ $EF _YEAR subdirectory
of thisdirectory. Contains alist of the MOBILE® inputs files for each reference county.

M6 MAP: (vehicle mapping file). For MOBILE6 modeling only, contains information on
how to map the 28 M OBIL E6 vehicle typesto the vehicle types used in the mobile inventory.

MBI NV (raw on-road mobile-source inventory file). If thisisalist file, the files listed
within it should also be included in this directory.

MCODES (mobile-source codes file). Contains list of valid on-road SCCs, vehicle types,
and road class codes.

MCREF (mobile-source county cross-reference). For MOBILE6 modeling only, contains
the reference county assignments (see Section 2.8.4.7, “ Reference counties’ [46] for an
explanation of reference counties).
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MEPROC (mobile-source processing file). For MOBILE6 modeling only, contains the pol-
lutants to be modeled by MOBILE6 and the emission processes (e.g., exhaust running) as-
sociated with each.

METLI ST (meteorology input files list). With the default SMOKE scripts, thisfileis gen-
erated automatically based on the meteorology filesin the $METDAT directory.

MVREF (mobile-source county settings). For MOBIL E6 modeling only, containsthe reference
county and its temporal averaging, spatial averaging, and local-road approach settings.

SPDPRO (speed profilesfile). For MOBILE6 modeling only, contains the optional hour-
specific speed profiles.

SPDREF (speed profiles cross-reference file). For MOBILEG6 modeling only with optional
hour-specific speed profiles, containsthe cross-reference assignmentsfor the speed profiles
in the SPDPROfile to the inventory sources.

VMIM X (VMT mix file). For EMS-95 input only, containsthe VMT mix (fractions used
to disaggregate VMT by vehicle type).

* nobil e/ m6_$EF_YEAR: This subdirectory is used only when MOBILEG will be used with
SMOKE, and must contain the MOBILES6 input scenario filesin standard MOBILE®G input
format for each of the reference counties in the domain. The $EF_YEAR variableis set by the
$YEARvariablein the Assignsfile for base-case runs or by the $FYEAR variable from the run
script for future-year runs (see Section 3.2.4.3, “Configuration for growth and/or control
case” [127] for more information on the FYEAR setting).

* poi nt : Contains the point-source inventory and other point-specific input files. Files should
include:

CEMSUM(CEM summary file). When processing CEM data, this file contains a summary
of ayear’sworth of CEM dataand is produced by CEM Scan.

GCNTL (control packet file). The growth and control packet filesfor each growth or control
scenario. The default naming scheme for these filesis described in the default SMOKE
scripts.

PELVCONFI G (elevated-source selection configuration file). When using the Elevpoint
program to select elevated and PinG sources, thisfileis required to specify the selection
criteria.

PTDAY (raw day-specific point-source inventory file). If thisoptional fileisalist file, which
istypically the case, the files listed within it should also be included in this directory.

PTHOUR (raw hour-specific point-source inventory file). If this optional fileisalist file,
whichistypically the case, thefileslisted within it should also beincluded in thisdirectory.

PTI NV (raw point-source inventory file). If thisisalist file (required for EM S-95 inputs),
the files listed within it should also be included in this directory.

e ot her: Containsfiles that are associated with the various inventories, but which may be shared
by more than one source category. Thesefiles are:

* ARTOPNT (area-to-point file). Contains the area-to-point assignments by SCC with the point
locations for each county in which a SMOKE area source will be assigned to point locations.
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* | NVTABLE (inventory tablefile). Contains alist of the valid inventory pollutants and whether
or not emissions associated with each pollutant should be kept when reading the inventory files,
among other purposes.

»  NHAPEXCLUDE (non-HAP exclusionsfile). Contains the SCCs that will be excluded from a
NONHAPVOC or NONHAPTOG calculation when integrating toxics and criteriainventories.

» REPCONFI G(report configuration file). Containsinstructionsused by Smkreport to configure
reports. The SMOKE installation includes only the REPCONFI Gfiles for the default reports
included with the SMOKE default scripts.

* et/ run_$METSCEN: Thisdirectory contains the meteorology files that are needed for running (1)
biogenic emissions; (2) on-road mobile sources with MOBILES using gridded, hourly meteorology
data; or (3) point sources for the CMAQ or MAQSIP models. Meteorology data are required in all of
these cases. SMOKE can use output files from CMAQ’'s MCIP and M CIP2 meteorology processors
or from the Meteorology Coupler (MCPL) processor. SMOKE automatically checks for the different
variable names that may be used for the same meteorology datain the different file formats. See Sec-
tion 8.8, “Meteorology Files’ [439] for moreinformation about the meteorol ogy dataneeded by SMOKE.

* run_$MSCEN st ati ¢/ m6: For MOBILE6 modeling only, this directory must contain the ancillary
MOBILES inputs needed for running MOBILES. Section 4.5.12, “Use MOBILEG for on-road mobile
sources’ [185] contains adescription of thefilesthat are required and their dependencieson MOBILEG
commands. Some files are needed only when certain MOBILEG input commands are used.

3.2.4. Locations of intermediate files for base and
growth/control cases

Theintermediate files for SMOKE are located in three primary directories for each case: the inventory
output directory ($1 NVOPD), the scenario directory ($SCENARI O), and the static files directory
($STATI C). All intermediatefilelocations are subdirectories of the $SIMKDAT directory shownin Figure 3.1,
“Basic SMOKE directories: the first three levels of the directory structure” [116] as $SMK_HOVE/ dat a.
Note that Figure 3.4, “Locations of intermediate and output files for SMOKE base case, basic configura-
tion” [124], Figure 3.5, “Locations of intermediate and output filesfor SMOKE base case, advanced config-
uration” [127], and Figure 3.6, “Locations of intermediate and output files for SMOKE future-/past-year
case” [128] show both intermediate and output directories. Herewefocusonly on theintermediate directories;
the output directories are discussed in Section 3.2.5, “Locations of model-ready output files for base and
growth/control cases’ [129].

3.2.4.1. Basic configuration for base case

Figure 3.4, “Locations of intermediate and output files for SMOKE base case, basic configuration” [124]
shows the SMOKE intermediate directories for abasic configuration of a base case. In this configuration,
the Assigns file variables ASCEN, BSCEN, MSCEN, PSCEN, and ESCEN are all set to the same value.
These variables are the scenario names for the four processing categories (area, biogenic, mobile, and
point) and the combined category (used when combining emissions from multiple source categories).
Having these variables set to the same value allows asimpler structurein whichther un_$ESCENdirectory
isthesameasther un_$ASCEN, r un_$BSCEN, r un_$MSCEN, and r un_$PSCEN directories. In the
figure, this single directory is shown simply asr un_$ESCEN.

The $BSCEN setting for biogenic sourcesis often set to adifferent scenario name, usually simply “beld2”
or “beld3". Thisis because there are not very many scenariosto choose from for biogenic emissions, since
users almost always want to use one of the standard approaches and there are usually no control strategies
considered for biogenic emissions. In this case, ther un_$BSCEN directory is a separate branch in the
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directory structure that stores just the biogenic files for use by both base case and future-year control
scenarios. For the nctox test case, we have not used this approach since the biogenic datais specific to the
nctox modeling domain.

Figure 3.4. Locations of intermediate and output files for SMOKE base case, basic
configuration
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Thefollowing list describes the intermediate files that are associated with each of the intermediate direct-
ories$l NVOPD, $SCENARI O, and $STATI C. You can refer to Chapter 9, SMOKE | ntermediate Files[481]
for more information about each of the intermediate files (look under the logical file names).

* inventory/$lI NVEN: Thisdirectory contains the SMOKE intermediate inventory files, including
the directories associated with them. These files are the outputs from Smkinven, Tmpbeis3, and
Tmpbio. The outputs from Smkinven are map-formatted (see below for more information) while the
biogenic outputsare /O API NetCDF format. The subdirectoriesar ea_dat ,nobl _dat ,nr oad_dat ,
and pnt s_dat contain the files that store the emissions values for each pollutant in the inventory.
The intermediate filesin this directory include:

« AREA: Map-formatted SMOKE intermediate files for nonpoint/stationary area sources (from the
ARI NV input file) and/or nonroad mobile sources (from either the ARI NV input file or from the
NRI NV input file if nonroad mobile sources are being run separately from other SMOKE area
sources). Examplefilenamesincludear ea. map. $I NVOP. t xt andnr oad. map. $I NVOP. t xt .

The data from the inventoriesis stored in severa different files, both ASCII and 1/0 API format.
The map-formatted intermediate files are used to organize and keep track of these separate files.
See Chapter 9, SVIOKE Intermediate Files[481] for an example and further discussion of theinter-
mediateinventory files. For the AREAfile, the additiona inventory filesar ea. ncf andasr c. t xt
are stored in the $1 NVOPD directory. The pollutant-specific files are stored in the ar ea_dat
directory. For the NROADfile, thefilesare named nr oad. ncf andnsr c. t xt and the pollutant-
specific filesare placed inthe nr oad_dat directory.
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e ASCC: List of area-source SCCsin the inventory. Can include ASCC. $I NVOP. t xt and
NSCC. $I NVOP. t xt (e.g., ASCC. nei 99. t xt and NSCC. nei 99. t xt ).

« B3GRD: Normalized gridded biogenic emissions.

e MOBL: Map-formatted SMOKE intermediate file for on-road mobile sources. Example file name
ismobl . map. $1 NVOP. t xt . The additional inventory files are named nobl . ncf and ns-
r c. t xt, and the pollutant-specific files are placed in the mobl _dat directory.

e MBCC: List of on-road mobile-source SCCsin the inventory; e.g., MSCC. $1 NVOP. t xt .
* PDAY: The day-specific SMOKE intermediate inventory.
*  PHOUR: The hour-specific SMOKE intermediate inventory.

¢ PNTS: Map-formatted SMOKE intermediate file for point sources. Example file name is
pnt s. map. $I NVOP. t xt . Theadditiona inventory filesarenamedpnt s. ncf andpsrc. t xt,
and the pollutant-specific filesare placed inthe pnt s_dat directory.

e PSCC: List of point-source SCCsin the inventory; e.g., PSCC. $1 NVOP. t xt .
report s: Discussed in Section 3.2.6, “Locations of reports’ [131]

run_$BSCEN out put / $SPC: Contains the hourly, gridded, speciated biogenic emissionsfiles.

These are listed in this subsection for intermediate files because in some cases these are not ready for
the AQM, because the units need to be converted. T mpbio outputs emissionsin moles’hr and Tmpbeis3
can output emissions in either moles/hr or moles/s. The CMAQ model needs datain units of moles/s.

run_$ESCEN out put : Discussed in Section 3.2.5, “Locations of model-ready output filesfor base
and growth/control cases’ [129]

run_$ESCEN scenar i o: Containstheintermediate hourly emissionsfiles and other time-dependent
files. The intermediate files in this directory include:

e ATMP, MTMP, PTMP: The area/nonroad, mobile, and point hourly emissions created by the Tem-
poral program.

e ATSUP, MTSUP, PTSUP: The area/nonroad, mobile, and point temporal allocation supplementary
files.

e PLAY: The point-source hourly layer fraction for each source.

* PLAY_EX: The point-source hourly layer fractionsfor explicit plume rise sources when processing
for UAM, CAMy, or REMSAD.

run_$ESCEN st at i c: Contains the matrices and other time-independent files. The intermediate
filesin this directory include:

* ACNAT, MCVAT, PCVAT: The area/nonroad, mobile, and point multiplicative control matrices.
« AGVAT, MGVAT, PGQVAT: The area/nonroad, mobile, and point gridding matrices.

e AGSUP, MGSUP: The area/nonroad and mobile supplementary gridding files.

e APMAT, MPMAT, PPVAT: The arealnonroad, mobile, and point growth matrices.

* ARVAT, MRVAT, PRVAT: The area/nonroad, mobile, and point reactivity control matrices.
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¢ ARSUP, MRSUP, MRSUP: The area/nonroad, mobile, and point reactivity supplementary files.

e« ASMAT L, MSMAT L, PSMAT L: The area/nonroad, mobile, and point mole-based speciation
matrices.

e ASMAT_S, MSMAT_S, PSMAT _S: The area/nonroad, mobile, and point mass-based speciation
matrices.

e ASSUP, MBSUP, PSSUP: The area/nonroad, mobile, and point supplementary speciation files.

* DAl LYGROUP, VEEKL YGROUP, MONTHL YGROUP, EPI SODEGROUP: The temporal averaging
groups for on-road mobile sources and MOBILE6 processing.

¢ MUNMAT: The maobile ungridding matrix.
e PELV: The point-source elevated- and PinG-source selection file
e SPDSUM The speeds summary file for on-road mobile sources and MOBILESG processing.

» $LOGS: Contains the log files created when the SMOKE programs are run

3.2.4.2. Advanced configuration for base case

Instead of using the basic configuration technique of setting the scenario name variables (ASCEN, BSCEN,
MSCEN, PSCEN, and ESCEN) all to the same value (Section 3.2.4.1, “Basic configuration for base

case” [123]), you can set up an Assignsfile to use different values for one or more of these variable. Inthis
more advanced configuration, separate directories are created and used for intermediate and output files
for each source category (examples of when thiswould be useful are given inthe bullets below). Figure 3.5,
“L ocations of intermediate and output filesfor SMOK E base case, advanced configuration” [127] illustrates
the directory structure resulting from this approach; however, for smplicity’s sake, we have not included
all of thefilesin this structure. The files are the same as in Figure 3.4, “Locations of intermediate and
output files for SMOKE base case, basic configuration” [124], with the exception that files specific to a
source category go to their category-specific directories, based on the values given to ASCEN, BSCEN,
MSCEN, and/or PSCEN. Note that the nonpoint (stationary area) and nonroad mobile sources would need
to use the same scenario name, even if they are processed separately, because the nonroad mobilest at i ¢
and scenar i o directories are set using the same ASCEN variable as for other area sources in the default
Assignsfiles. Having separate source-category-specific directories does not change the number of interme-
diate or output files, it just rearranges the files and results into fewer intermediate, output, and/or report
filesin each directory.

This approach is particularly useful in the following cases:

« Usingtoxic inventoriesfor some source categories but not others. In this case, different scenario
names (ASCEN, MSCEN, PSCEN, and ESCEN) can be used to distinguish each case and the final-merged
files (though it is not required to do this). For example, if you were running toxics for on-road mobile
sourcesonly, MSCEN could be set to “casel_tox”, while ASCEN and PSCEN could be set to just “ casel”
and ESCEN could be “casel_all”. If you would prefer instead to name all of these “casel” and simply
remember that on-road mobile sources include toxics, then that would be fine as well.

e UsingtheMrggrid program to combine model-ready filesfrom several previously run scenarios:
For example, you might want to combine the future-year base case for all source categories except
nonroad with afuture-year control casefor nonroad, as part of an eval uation of theimpact of the nonroad
control case. If three previous Assigns files were set up using the basic structure for three different
control cases (casel, case2, and case3), and a new case is needed that uses area sources from casel,
on-road mobile sources from case2, and point sources from case3, you could set up anew Assignsfile
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that sets ASCEN to casel, MSCEN to case2, and PSCEN to case3. When you invoke that new Assigns
file, al of the environment variables needed by Mrggrid for combining the model-ready files from
the three different cases would be set: AGTS L would be based on casel, MGTS L would be based on
case?, and PGTS3D_L would be based on case3. See Section 3.2.5, “Locations of model-ready output
files for base and growth/control cases’ [129] for more information on the model-ready files.

Figure 3.5. Locations of intermediate and output files for SMOKE base case, advanced
configuration

inventor, $INVEN
y ($INVOPD)
scenario
$ASCEN <
static
$BSCEN scenario
reparls scenario (SREPSCEN)
$ESCEN <
($REPORTS) static ($REPSTAT)
scenario
$MSCEN <
static
data scenario
$PSCEN <
($SMKDAT) static
output $SPC (SA_OUT, $N_OUT)
run_$ASCEN < scenario
static logs
run_$BSCEN output $SPC ($B_OUT)
run_$ESCEN output merge ($SOUTPUT)

output $SPC (SM_OUT)
run_$MSCEN < scenario
static logs

output $SPC ($P_OUT)
run_$PSCEN < scenario
static logs

3.2.4.3. Configuration for growth and/or control case

The directory structure changes for growth and control cases. The default growth and control scripts have
additional settings that impact the intermediate directories when running SMOKE. These settings are de-
scribed in more detail in Chapter 4, Using SMOKE Scripts[139], but we introduce them here because they
are closely linked to the directory structures used by SMOKE. The default configuration of SMOKE uses
different directoriesfor filesimpacted by growth and control so that they will be separated from the base-
year files; this helps keep users from accidentally confusing their base and grown and/or controlled files.

The key script environment variables that impact the directory structures are;

» CNTLCASE: Setsthe name of the control case that will impact the directory names. Also is used by
the scripts to set the required name of the GCNTL files containing the packets for defining growth and
controls for the Cntimat program.

* FYEAR: Setsthe future year with afour-digit year. The last two digits of the year are used to set the
internal variable f yr 2. For example, if FYEAR is set to 2018, f yr 2 will be 18. FYEAR is also used
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by the scripts to set the required name of the GCNTL files containing the packets for defining growth
and controls for the Cntlmat program.

 SMK_FUTURE_YN: When set to, this setting causes the Assignsfile to change the SMOKE interme-
diate inventory file names by inserting $f yr 2 into the individual file names. The Assignsfile also
changes the intermediate and output paths by appending $f yr 2 to $ASCEN, $MSCEN, $PSCEN, and
$ESCEN (affecting the $STATI C and $SCENARI Odirectories and file names of intermediate files).
Thisisillustrated in Figure 3.6, “Locations of intermediate and output files for SMOKE future-/past-
year case” [128]. TheY setting aso causes EF_ YEAR, whichisused for setting the MOBILE6 emission
factors year, to be set to $FYEAR.

o SMK_CONTROL_YN: When set to'Y, this setting causes the Assigns file to change the SMOKE inter-
mediate inventory file names by inserting $CNTLCASE into the individua file names. The Assigns
file also changes the intermediate and output paths by appending $CNTLCASE to $ASCEN, $MSCEN,
$PSCEN, and $ESCEN (affecting the $STATI Cand $SCENARI Odirectories and file names of inter-
mediate files).

Figure 3.6. Locations of intermediate and output files for SMOKE future-/past-year case

inventor $INVEN contains grown SMOKE intermediate
inventory ($INVOPD) inventory files AREA, MOBL, PNTS

(SREPORTS)

static contains reports of time-
data (SREPSTAT) | dependent emissions
($SMKDAT)

( scenario ) E}ntains reports of time-
$REPSCEN) | independent emissions
reports $ESCEN_S$fyr2 <

merge

($OUTPUT) contains final grown model-ready files
output
$SPC contains category-specific
($A_ouT, $M_OUT,

grown model-ready files

$N_OUT, $P_OUT)
scenario -
contains grown-year [A|M|P]
run_S$ESCEN_$fyr2 (@ECEHAREO) TMP? [A|M}|’P]TSU|P |
static . logs
($STATIC) contains grown-year PEIE— ($1.0GS)

The $SCENARI Odirectory for the future case is now a subdirectory of dat a/ r un_$ESCEN_$f yr 2.
The ATMP, MTMP, and PTMP files are stored in this directory, because these depend on the future-year
emissionsinventory. Although the temporal profile assignments stored in the ATSUP, MTSUP, and PTSUP
files may not have changed from the base case, these files are written out for the future-/past-year case to
be consistent with the output files created by Temporal for the base case.

The $STATI Cdirectory for the future case is now a subdirectory of dat a/ r un_$ESCEN_$f yr 2.
However, unlike Figure 3.4, “Locations of intermediate and output files for SMOKE base case, basic
configuration” [124], Figure 3.6, “ Locations of intermediate and output filesfor SMOK E future-/past-year
case” [128] indicates that only the PELV fileis stored in this directory. Thisis because SMOKE permits
reusing the base-year gridding matrices and speciation matrices for growth and control cases. The growth
and control matrices will also be stored in the base-year $STATI C directory. Therefore, the only file that
isstored in thefuture-year $STATI Cdirectory isthe PELV file, which can depend on the emissionsvalues
inthe future year. For example, if the elevated-source selection criteriawere based on the future-year daily
maximum emissions, then this PELV file would be different than the base-year file. It is therefore most
safely stored in a directory that is named with the future-year (or control case) information.
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When using controls only (no growth), $SCENARI Oand $STATI Cwill be subdirectories of
dat a/ r un_$ESCEN_$CNTLCASE. For the case of growth and controls, the directory will be named
dat a/ run_$ESCEN $f yr 2_$CNTLCASE.

3.2.5. Locations of model-ready output files for base and
growth/control cases

3.2.5.1. Configuration for base case

Figure 3.4, “Locations of intermediate and output files for SMOKE base case, basic configuration” [124],
Figure 3.5, “Locations of intermediate and output filesfor SMOK E base case, advanced configuration” [127],
and Figure 3.6, “Locations of intermediate and output filesfor SMOKE future-/past-year case” [128] show
the locations of the output files as well as the intermediate files. The output files go to the subdirectory of
thedat a/ r un_$ESCENdirectory called out put . Thisoutput directory has two subdirectories: the first
isset by the $SPC environment variable from the Assignsfile that sets the model and chemical mechanism
being used for a SMOKE run; the second isnamed mrer ge. There can bejust one set of these subdirectories
(asinthebasic configuration shown in Figure 3.4, “ L ocations of intermediate and output filesfor SMOKE
base case, basic configuration” [124]) or multiple sets (asin the advanced configuration shownin Figure 3.5,
“Locations of intermediate and output files for SMOKE base case, advanced configuration” [127]).

The $SPC subdirectory contains the category-specific model ready files, such as the model-ready filesfor
nonpoint (stationary area) only, nonroad mobile only, etc. The mer ge subdirectory contains the final
model-ready files. The following list providesthe logical names and descriptions of each of thefilesin the
basic configuration case.

e run_$ESCEN out put/ nmer ge:
e For CMAQ or MAQSIP:

EGTS3D_L: CMAQ or MAQSIP 3-D hourly, gridded, speciated emissionsfile, excluding PinG
emissions (from the Smkmer ge program).

e For CMAQ only:

Pl NGTS_L: Optional file that includes the hourly emissions for PinG stacks (or grouped stacks)
for each hour (from Smkmer ge).

STACK _GROUPS: Optional filethat identifies PinG stacks (or grouped stacks), their locations, and
stack parameters (from the Elevpoint program).

* For UAM, REMSAD, or CAMy:

EGTS_L: I/OAPI version of the 2-D merged low-level, hourly, gridded, speciated emissions file
(from Smkmerge).

EGTS_UAM Fortran binary 2-D merged low-level hourly, gridded, speciated emissions file (from
the Smk2emis program).

ELEVTS_L:ASCII elevated-point-source stack parameters and hourly, speciated emissions (from
Smkmerge).

* run_$ESCEN out put / $SPC:
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AGTS _L and AGTS_S: Nonpoint (stationary area) and optionally nonroad mobile-source hourly,
gridded, speciated emissions (from the Smkmer ge program).

BGTS L and BGTS_S: Biogenic hourly, gridded, speciated emissionsin moles/hour and tons/hour
(from the Tmpbio program).

B3GT'S L and B3GTS_S: Biogenic hourly, gridded, speciated emissionsin moles/hour and tong/hour
(from the Tmpbeis3 program).

BGTS L _Oand BGTS_S O Tmpbio output with the correct units needed by the AQM (from the
Smkmer ge program).

B3GTS_L_OandB3GTS_S O Tmpbeis3 output with the correct units needed by the AQM (from
the Smkmer ge program).

MGTS_L and MGTS_S: On-road mobile-source hourly, gridded, speciated emissions (from Smk-
mer ge).

NGTS_L and NGTS_S: Nonroad mobile-source hourly, gridded, speciated emissionsin moles/hour
and grams/hour (these files are written by Smkmergeasan AGTS L or AGTS_Sfile, with the
scripts changing the files to the NGTS name).

PGTS L and PGTS_S: Point-surce hourly, gridded, speciated emissions (from Smkmerge). This
file would be created when modeling for UAM, REMSAD, or CAMy, which need the low-level
point sources but not the 3-D point sources. This file would not include the elevated-point-source
emissionsif it were created using the SMK_ASCI | ELEV_YN =Y setting.

PGTS3D L and PGTS3D_S: Point-source 3-D, hourly, gridded, speciated emissions (from Smk-
mer ge). Thisfilewould be created for CMAQ and MAQSIP only, using the elevated layer fraction,
which requires the option VRG_LAYERS YN =Y.

3.2.5.2. Configuration for growth and/or control case

The output file locations for the growth and control cases follow the same paradigm described in Sec-
tion 3.2.4.3, “Configuration for growth and/or control case” [127] for the intermediate files. The $f yr 2
and/or $CNTL CASE environment variable values are inserted into the directory structure, as shown in
Figure 3.6, “L ocations of intermediate and output filesfor SMOKE future-/past-year case” [128]. The output
directories are then reset as follows:

Future/past-year case (no controls):

run_$ESCEN_$f yr 2/ out put / mer ge: Fina model-ready output files. The files are the same as
those in the base case, but with future-year emissions; see Section 3.2.5.1, “ Configuration for base
case” [129] for more information.

run_$ESCEN_$f yr 2/ out put / $SPC: Source-category hourly, gridded, speciated files. In the ad-
vanced configuration, the SASCEN, $MSCEN, or $PSCEN values could be different from the SESCEN
value, resulting in separate directories (as shown in Figure 3.5, “Locations of intermediate and output
filesfor SMOKE base case, advanced configuration” [127], but with the $f yr 2 field included in the
path name. The files are the same as those in the base case, but with future-year emissions; see Sec-
tion 3.2.5.1, “Configuration for base case” [129] for more information.

Control case (no growth):
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* run_$ESCEN _$CNTLCASE/ out put / mer ge: Final model-ready output files. Thefiles are the
same as those in the base case, but with controlled emissions; see Section 3.2.5.1, “ Configuration for
base case” [129] for more information.

e run_$ESCEN_$CNTLCASE/ out put / $SPC: Source-category hourly, gridded, speciated files. In
the advanced configuration, the SASCEN, $MSCEN, or $PSCEN values could be different from the
$ESCEN value, resulting in separate directories (as shown in Figure 3.5, “Locations of intermediate
and output filesfor SMOKE base case, advanced configuration” [127], but with the $CNTLCASE field
included in the path name. Thefiles are the same asthosein the base case, but with controlled emissions;
see Section 3.2.5.1, “ Configuration for base case” [129] for more information.

Future/past-year and control case:

* run_$ESCEN $f yr2_$CNTLCASE/ out put / mer ge: Fina model-ready output files. The files
are the same as those in the base case, but with future-year, controlled emissions; see Section 3.2.5.1,
“Configuration for base case” [129] for more information.

* run_$ESCEN $fyr2_$CNTLCASE out put / $SPC: Source-category hourly, gridded, speciated
files. In the advanced configuration, the $ASCEN, $MSCEN, or $PSCEN values could be different from
the SESCEN value, resulting in separate directories (asshown in Figure 3.5, “Locations of intermediate
and output files for SMOKE base case, advanced configuration” [127], but with the $f yr 2 and
$CNTLCASE fields included in the path name. The files are the same as those in the base case, but
with future-year, controlled emissions; see Section 3.2.5.1, “ Configuration for base case” [129] for more
information.

3.2.6. Locations of reports

The report output directory names follow the same paradigm as the intermediate and model -ready output
directory names. “Reports’ as defined for this directory structure are the report files output from the
Cntlmat, Smkinven, Smkmerge, and Smkreport programs. More information on these programs can be
found in Section 6.2, “CntImat” [228], Section 6.16, “Smkinven” [283], Section 6.17, “Smkmerge’ [294],
and Section 7.2, “ Smkreport Program” [327].

Asshownin Figure 3.4, “Locations of intermediate and output filesfor SMOKE base case, basic configur-
ation” [124], the two main report directories for the basic configuration arethe dat a/ r epor t s/ $ES-
CEN scenari oanddat a/ r eport s/ $ESCEN st at i ¢ directories. Theformer directory isfor time-
dependent reports, and the latter is for time-independent reports. Because the BSCEN variable is often
different from the ESCEN variable, a different report directory is available for the biogenic emissions:
dat a/ r epor t s/ $BSCEN scenar i o, which contains the only biogenic reports available (created by
the Smkmer ge program).

Figure 3.5, “Locations of intermediate and output filesfor SMOK E base case, advanced configuration” [127]
showsthereport directoriesfor the advanced configuration. The source-category-specific variables ASCEN,
BSCEN, MSCEN, and PSCEN appear here, in addition to the ESCEN variable. In the default setup of
SMOKE, Smkmer ge uses separate source-category-specific directories for the reports, as defined in the
$ASSI GNS/ set merge_fi | es. scr script. For Smkreport, the $SCRI PTS/ run/ ga_r un. csh
script sends the default reports to the SREPSTAT and $REPSCEN directories (which use the ESCEN
variable in their path names). Both of these scripts are straightforward to change to accommodate user
preferences.

Figure 3.6, “Locations of intermediate and output filesfor SMOKE future-/past-year case” [128] showsthe
report directoriesfor the basic configuration of future/past-year and/or control case reports. The SREPSTAT
and $REPSCEN directoriesuse the year and/or control case name (from $f yr 2 and SCNTL CASE) to reset
the report directory names, in the same way as for the intermediate and model-ready output files.
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The Smkmer ge program has numerous logical file namesthat can be used as output files (too many to list
here). Thereportsinclude state and/or county totalsfor each day run by Smkmer ge. The form of the output
logical filenamesisREP[ A| Bl M PIEfF T] [ SI[CQ [ _S| _L] . TheA, B, M, P, or Einthefilerepresents
area, biogenic, mobile, point, or “every” emissions, respectively. Smkmer ge can optionally report tempor-
alized emissions (T), speciated emissions (S), and/or controlled emissions (C). The_Sor _L suffix represents
mass-based or mole-based reports, respectively (e.g., tons/day or moles/day).

The Smkreport program uses logical file namesin the REPCONFI Gfile to determine report names. The
INEWFILE/ packet controlsthe logical file names, and the SMOKE script gqa_r un. csh (for default re-
porting) or the main run scripts control the values of theselogical file names and hencethefile paths. There
are too many types of reports that Smkreport can create for usto list them all here with their appropriate
files. In general, the time-independent reports go to the $REPSTAT directory and the time-dependent reports
go to the SREPSCEN directory.

3.3. How to change the default directory structure

The default Assigns files and scripts contain settings that allow users to modify the directories that will be
used when running SMOKE. The basic structure has been devel oped to suit the needs of a variety of ap-
plications, from short, single-grid, base case modeling needs to annual, multigrid needs for many control
strategies. The details of working within the default structure by changing Assigns file and script settings
are provided in Chapter 4, Using SMOKE Scripts[139]. The default structures that we have described rep-
resent our recommended way of running SMOKE. Although this structure has been quite useful for many
people, it could be aburden to others. In this section, we describe waysin which users can change the default
structure to meet their specific needs.

The SMOKE programs themselves do not require any specific directory structure because all input and
output files depend only on environment variables, which can be set in any pattern. We have created a
default directory structure so that other users can benefit from our experience in emissions modeling and
using SMOKE, and to provide an initial structure that is useful. With afew exceptions for intermediate
files, the SMOKE programs also do not require specific file names, only specific environment variables;
but again, we have configured SMOKE to have a default structure for these names.

In principle, you can change the location of every single input file that SMOKE uses. The Assigns files
and scripts have been implemented using one structure, but changing that structure is only a matter of
finding some other method of providing the file names to the programs. This can include changing the
Assigns files and scripts, or removing the Assigns files altogether and creating a script that sets al of the
input and output file names and directories and callsthe programs. These modifications can be as extensive
or minimal as needed to handle a specific limitation or problem with the default structure.

If dight modifications to the structures are all that is needed, then the best approach isto modify a copy
of the default the Assignsfile. For example, if you wish to have the nonroad mobile sources' intermediate
and output files written to a different directory than the stationary area sources' files, you would add an
NSCEN environment variableto parallel the area-source variable ASCEN, and change theinput, intermediate,
and output file locations and names to use this setting.

3.4. Test case data files

In the following two sections, we discuss the $SMKDAT directories and the test case data files included
with SMOKE. Thesefiles are all the input files needed by SMOKE except for the actua inventory files.
Thisincludes the inventory table (I NVTABLE), gridding surrogates (defined and described in SRGDESC
and located in SRGPRO_PATH), speciation profiles (GSPRO), temporal cross-reference files (ATREF,
MIREF, and PTREF), etc. Thesefiles are only provided as example inputs and should not be used for
modeling applications. We document the source of the data so you can evaluate the available files.
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3.4.1. Inventory support files

Many of the support files used in the nctox test case are from the EPA’s 2001 modeling platform, available
onlineat http://www.epa.gov/ttn/chief/emch/invent/. A description of thefilesis provided in readme 2001.txt
[ftp://ftp.epa.gov/Emisl nventory/2001nmp/readme _2001.txt].

3.4.1. Inventory support files

Sample SMOKE inventory files areincluded in the nctox case. These filesinclude criteriaemissions from
the 1996 NEI, version 3.11 data files for North Carolinaonly. They aso include 1999 VMT for North
Carolina, and draft 1999 toxics NEI version 3 data (from October 2002) for all source categories.

The nctox case includes inventory support filesin thedat a/ i nvent or y/ nct ox/ ot her/ directory
and are documented in Table 3.1, “ Test case SMOKE support files associated with inventories’ [134].
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3.4.1. Inventory support files

Table 3.1. Test case SMOKE support files associated with inventories

Filename

Logical file
name

Description

ar 2pt _140CT03_1999. t xt

ARTOPNT

Area-to-point data for allocating airport
emissions to point locations; extracted
in November 2005 from EPA's 2001
modeling platform archive.

i nvt abl e_nonr oad. cb4. 120202. t xt

I NVTABLE

Inventory table for all source categories
except on-road mobile; extracted in
November 2005 from EPA’'s 2001 mod-
eling platform archive.

i nvt abl e_onr oad. cb4. 010804. t xt

I NVTABLE

Inventory table for on-road mobile
sources; extracted in November 2005
from EPA’s 2001 modeling platform
archive.

nhapexcl ude. 1999. t xt

NHAPEXCL UDE

Lists the on-road mobile and nonroad
mobile SCCsto exclude from the NON-
HAPVOC calculation.

nhapexcl ude. al | . t xt

NHAPEXCLUDE

Listsonly FIP = 37000 and SCC = 0 so
that no sourcesin North Carolinawill be
included in the NONHAPVOC calcula-
tion. Thisfileis used for nonpoint (sta-
tionary area) and point sourcesin the
nctox case so that no sources will bein-
tegrated.

repconfi g.

ar

.inv.txt

REPCONFI G

Default report configuration for nonpoint
(stationary area sources), inventory re-
porting.

repconfi g.

ar

.t enpor al

. txt

REPCONFI G

Default report configuration for nonpoint
(stationary area) sources, temporalized
emissions reporting.

repconfi g.

mb. i nv. t xt

REPCONFI G

Default report configuration for on-road
mobile sources, inventory reporting.

repconfi g.

nb. t enpor al

L txt

REPCONFI G

Default report configuration for on-road
mobile sources, temporalized emissions

reporting.

repconfig.

nr.

i nv.txt

REPCONFI G

Default report configuration for nonroad
mobile sources, inventory reporting.

repconfi g.

nr.

t enpor al

. txt

REPCONFI G

Default report configuration for nonroad
mobile sources, temporalized emissions

reporting.

repconfi g.

pt .

el ev. t xt

REPCONFI G

Default report configuration for el evated-
source-sel ection reports.
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3.4.2. Other support files

File name Logical file Description
name

repconfig. pt.inv.txt REPCONFI G | Default report configuration for point
sources, inventory reporting. Only the
annual/average-day values are included
in the reports created from thisfile (i.e.,
not the day-specific or hour-specific in-
ventories).

repconfig.pt.lfrac.txt REPCONFI G | Default report configuration for layer
fraction hourly reports.

repconfig. pt.tenporal .txt REPCONFI G | Default report configuration for point

sources, temporalized emissions report-
ing. Resulting reportsinclude the effects
of day-specific and hour-specific point
sources.

3.4.2. Other support files

Additional SMOKE support files are stored in the $GE_DAT directory. Table 3.2, “ Test case SMOKE
support files other than inventory files’ [136] describes these files.
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3.4.2. Other support files

Table 3.2. Test case SMOKE support files other than inventory files

Filename Logical file |Description
name
angpro. 12km 041604. nc. t xt SRGDESC, |12-km surrogates extracted from EPA’s na
SRG tional 12-km surrogate set described at ht-
PR _PATH |tp:/ww.epa.gov/tin/chief/emch/spatial/news-
urrogate.html.
bgpr 0. 12km 041604. nc. t xt BGPRO 12-km land-area surrogates extracted from
EPA’s national 12-km surrogate set described
at http://www.epa.gov/ttn/chief/emch/spa-
tial/newsurrogate.html.
amgr ef _us_051704 AGREF, 1999 National Emission Inventory spatial
MGREF surrogate cross-reference described at ht-
tp:/Imww.epa.gov/ttn/chief/lemch/spatia/news
urrogate.html; NOTE: adefault entry of
000000 0000000000 100
has been added to thisfile to match the 1996
inventories used in the test case.
anpt pro. n8. def aul t. us+can. t xt |ATPRO, U.S. temporal profiles; extracted in Novem-
MTIPRO, ber 2005 from EPA’s 2001 modeling plat-
PTPRO form archive.
anptref. nB. us+can. cair.txt ATREF, U.S. temporal cross-reference; copied from
MTREF, amptref.m3.us+can.txt in November 2005
PTREF from EPA’s 2001 modeling platform archive.
gscnv. t xt GSCNV VOC-to-TOG conversion factors; extracted
in November 2005 from EPA’'s 2001 model-
ing platform archive.
gspro. cnmaq. ch4p25_ wt ox. t xt GSPRO Speciation profilesfor CMAQ CB4 chemical
mechanism with additional toxics speciesfor
all source categories except on-road mobile
sources; extracted in November 2005 from
EPA’s 2001 modeling platform archive.
gspro. cnaq. ch4p25_wt ox. m t xt |GSPRO Speciation profilesfor CMAQ CB4 chemical
mechanism with additional toxics speciesfor
on-road mobile sources; extracted in
November 2005 from EPA’s 2001 modeling
platform archive.
gsref.cmg. ch4p25_wt ox. t xt GSREF Speciation cross-reference for CMAQ for
CB4 with PM 2.5 speciation and additional
toxic species; extracted in November 2005
from EPA’s 2001 modeling platform archive.
b3f ac. bei s3_efac_v0. 98. t xt B3FAC BEIS3.09 emission factors; extracted in
November 2005 from EPA’s 2001 modeling
platform archive.
costcy. txt COSsTCY Country, state, and county codes; extracted

in November 2005 from EPA’'s 2001 model-
ing platform archive.
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3.4.2. Other support files

Filename Logical file |Description
name
GRI DDESC CGRI DDESC | Grid descriptions file with nctox modeling

domain. An unlimited number of domains
can be added to thisfile.

procdat es. t xt

PROCDATES

SMOKE dates information; extracted in
November 2005 from EPA’s 2001 modeling
platform archive.

hol i days. t xt

HOLI DAYS

Datesfor daysto model asholidays; extracted
in November 2005 from EPA’s 2001 model-
ing platform archive.

oris_info.txt

ORI SDESC

ORISID descriptions; extracted in November
2005 from EPA’'s 2001 modeling platform
archive.

pst k. nB. t xt

PSTK

Replacement stack parameters for inventory
sourceswith missing or invalid stack paramet-
ers, extracted in November 2005 from EPA’s
2001 modeling platform archive.

scc_desc_030804. t xt

SCCDESC

SCC descriptions; extracted in November
2005 from EPA’s 2001 modeling platform
archive.

si c_desc. txt

S| CDESC

SIC descriptions; extracted in November
2005 from EPA’s 2001 modeling platform
archive.

srg_desc_EPA1999. t xt

SRGDESC

Surrogate code descriptions for files.

Additional speciation profile files and speciation cross-reference files are available with EPA's 2001
modeling platform. Thefiles are described in readme_2001.txt

[ftp://ftp.epa.gov/Emisl nventory/2001nmp/readme _2001.txt]. The filesin the archive
2001nmp_misc_071504.zip [ftp://ftp.epa.gov/Emisl nventory/2001nmp/2001nmp_misc_071504.zip] support

the following air quality models and chemical mechanisms:

»  CAMx4: CB4 with PM2.5 speciation
» CMAQ: CB4 with PM2.5 speciation

 CMAQ: CB4 with integrated toxics and criteriainventories

» CMAQ: RADM2 with PM2.5 speciation
+ CMAQ: SAPRC99

» MAQSIP: RADM2 with PM2.5 speciation
* REMSADY: micro-CB4 with PM2.5 speciation

« REMSADG6: micro-CB4
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Chapter 4. Using SMOKE Scripts
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4.1. Introduction

In this chapter, we provide information about using the UNIX scripts that come with SMOKE to run the
test case and adapting the scriptsto run any case. There are several features of these scriptsthat specifically
support SMOKE v1.5 and later, and using scripts devel oped for earlier versions of SMOKE will not work
without adaptations. We provide a section in this document that explains what changes need to be made
to users' existing scripts to allow them to work with SMOKE. Alternatively, current users can adapt the
new example scriptsto their case. New users are advised to create their scripts based on the example scripts,
following the instructions included in Section 4.5, “How to use SMOKE” [149] this chapter.

For all SMOKE users, acritical file to use and know about is the Assignsfile. If you have followed the
SMOKE installation instructions, then your Assigns file will be located in the directory:

$SMK_HOVE/ subsys/ snoke/ assi gns where the SMK_HOVE directory isset in your . cshr c file
inyour home directory, during the SMOKE installation process.

When using SMOKE, thefirst thing that you should doisgo totheAssignsdirectory and invokethe
Assignsfilefor the case that you will be working with. This step needsto be taken in every UNI X
window from which you intend to run SMOKE.

To invoke the Assigns file, use the following commands:
cd $SMK_HOWE/ subsys/ snoke/ assi gns (this changesto the correct directory)
sour ce ASSI GNS. nct ox. cnag. cb4p25. us12- nc (thisinvokes the default assignsfile)

Doing thiswill set alarge number of environment variablesthat you will then have available for navigating
the SMOKE directory structure. Table 4.1, “Variablein Assignsfilefor naming filesand directories’ [152]
and Table 4.2, “Variablesin Assigns file for controlling time period and grid of processing” [154] in Sec-
tion 4.5.1, “Change Assignsfile to set scenario names, grid names, and other case-specific configuration
information” [150] list those environment variables. The environment variables used to build some of the
directory names are also set by the user in the Assigns file and described in that section.

4.2. Test case description

4.2.1. nctox case

The nctox case provides users with an example of using both criteriaand toxics emissionsinventories. The
purposes of this case include:

e Providing atest case for SMOKE on users computers
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4.2.1. nctox case

» Provide example scripts that users may adapt to their own cases

This case has the following major features. It runs for July 10th and 11th, 2001 on a 12-km Lambert Con-
formal grid over North Carolina. The spatial extent of this case has been limited to provide arelatively
fast test case, and the domain is a subdomain of EPA’s 12-km national grid. The case includes toxics pro-
cessing for stationary area, nonroad mobile, on-road mobile, and point sources.

Figure 4.1. nctox domain
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At thistime, the case uses North Carolina records only from the following inventory data:

stationary area sources: 1996 NEI version 3.11 for CO, NO,, VOC, SO,, NH3, PM g, and PM5 5; 1999
NEI version 3 draft for toxics inventory

nonroad mobile sources: 1996 NEI version 3.11 for CO, NO,, VOC, SO,, NH3, PM 4, and PM, 5; 1999
NEI version 3 draft for toxics inventory

on-road mobile sources: 1999 VMT (version 2 criteria) and speed for all pollutants

point sources: 1996 NEI version 3.11 for CO, NO,, VOC, SO,, NH3, PM 1o, and PM,, 5; 1999 NEI version
3 draft for toxics inventory

biogenic sources: BELD3 data processed using BEIS3 (for entire grid, even those cells that are not in
North Caroling)

For area, mobile, and point sources, this case usestoxics inventories for ozone modeling. The VOC model
species for the current CB4 mechanism are based in part on the toxic inventory. SMOKE resolves the du-
plicate VOC mass caused by combining VOC emissions with toxic VOC emissions by subtracting the

toxic VOC mass from the VOC mass and computing aNONHAPVOC emissions value. Thisisthe “integ-
rate’ approach for VOC emissions, described in Section 2.9.5, “Combinetoxicsand criteriainventories’ [63].

140



4.3. Script descriptions

The speciation profiles provided with this version of SMOKE include profiles that map the toxicsVOC
and NONHAPVOC pollutants to current CB4 species. Choices for speciation profilesin this version of
SMOKE are listed in Section 4.5.10, “Use a different speciation mechanism or change speciation in-
puts’ [176].

In addition to the inventory data listed above, the parameters of the case are the following:

» Episode: July 10th and 11th of 2001

e Output time zone: Greenwich Mean Time (zone 0)

» Projection: Lambert Conformal with Alpha=33, Beta=45, Gamma=-97, and center at (-97,40)

» Domain: Origin at (1128, -672) kilometers with 66 columns by 52 rows and 12-km square grid cells
(shownin Figure 4.1, “nctox domain” [140])

e Meteorology data: Daily (25-hour) 2001 meteorology files generated originally by EPA using MM5
and MCIP; the files have been reduced to the modeling domain and contain only the variables needed
by SMOKE.

» Chemical speciation data: Revised GSPRO and GSREF files to include toxic pollutants mapped to
current-CB4 mechanism for both on-road and nonroad mobile source classification category (SCC)
codes.

* MOBILES6 inputs (on-road only): A single MOBILESG scenario is used for this case for al counties
in NC (though thisis not the standard configuration, it runs faster for use as an installation test case).

* Maeteorology handling for on-road M OBILE6 setup:

e Spatial: The average 24-hour temperature and humidity profile runin MOBILES is averaged over
all countiesin NC. Thisis not the most detailed approach availablein SMOKE, but it helps the
case run faster.

e Temporal: The average 24-hour temperature and humidity profile runin MOBILES is averaged
over both daysin the episode.

» Other input files: Refer to thelist of example files provided in Section 8.1.4, “Input filesfor SMOKE
nctox case” [371] for this case.

4.3. Script descriptions

4.3.1. Overview

Running SMOKE from scripts provides a flexible approach to running SMOKE. We recommend that new
users start with the standard configuration of scripts and directories provided with the default installation.
This configuration uses the directory structures described in Chapter 3, SMOKE Directories and Example
Data [113] and a separate run script for each source category, as we will get to soon. In Section 4.5, “How
to use SMOKE” [149], we provideall of theinformation you need to know to adapt the test case configuration
to your modeling case. If you ever want to move beyond using the default configuration, we do not describe
how to do that in detail. In fact, we could not describe this, because there are an infinite number of ways
to arrange the directories and scripting for SMOKE; however, we have provided some information about
what do to in Section 3.3, “How to change the default directory structure” [132].
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4.3.2. Assignsfiles

4.3.2.

4.3.3.

Running SMOKE using scripts involves many scripts working together. This can be confusing for new
users, but we have made efforts to make using the scripts easier and more robust with this version of
SMOKE.

All SMOKE scripts can be found in the $SMKROOT/ scri pt s/ r un directory, or simply the
$SCRI PTS/ r un directory (after having invoked the Assignsfile).

Assigns files

Theassignsfilesarelocated in $SMKROOT/ assi gns. Thenctox caseassignsfileiscaled ASSI GNS. nc-
t ox. cmag. ch4p25. us12- nc. OneAssignsfileis provided for the nctox case, and you can create
your own files by copying it to anew name and changing it. At least one Assigns file must come with each
preconfigured run (such as the nctox case) for SMOKE.

The Assignsfiles are divided into three major sections. The first section contains environment variables
for controlling the setup of a case, such as the dates being modeled, the name of the grid, and the name of
the chemical mechanism. The second section lists al of the input filesin SMOKE (by source category)
and users can change these adapt the Assigns files to their cases by changing the input files. The third
section calls hel per scripts to create input and output directories and configure the compiler environment
variables. It iswise to copy an existing Assigns files to new files and modify the new files, so that you do
not |ose the default configuration.

In addition, there are a number of helper scripts used by the Assigns files. Unless users are changing the
way SMOKE behaves when running from scripts, it should not be necessary to change these scripts.
Changing them could result in behavior different from what is documented in this chapter. The helper
scripts and their purposes are:

e check_settings. scr: Setal environment variables used in Assigns file to default valuesiif they
are not already defined by acalling script (e.g., when invoking the Assigns file from the UNIX prompt
instead of a script).

» set_case. scr: Set the environment variables that control output file names (ABASE, BBASE,
MBASE, PBASE, EBASE, ASCEN, BSCEN, MSCEN, PSCEN, and ESCEN). See also the SMK_FU-
TURE_YN, FYEAR, SMK_CONTROL_ YN, and CNTL CASE script settingsin Section 4.3.4, “ Script
settings’ [143]

 set _dirs. scr: Setthe SMOKE directory structure

« setnerge files.scr: Set Smkmerge output file names, depending on run script settings
* snk_nkdi r: Createinput and output directories

* snk_rnfiles. scr:Remove SMOKE intermediate and output files

» sysfl ags: Set the compiler options needed for compiling SMOKE

* unset. scr: Unset environment variables that do not need to be defined after the Assigns file has
been run

Example script files and their purposes

The following files are currently provided with the SMOKE release. There are anumber of hel per scripts.
Theonly onethat usersmay want to changeistheqa_r un. scr script to add configurationsfor reporting.
The helper scripts are:
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4.3.4. Script settings

e cntl _run. csh: Runsthe Cntlmat and Grwinven program. Sets the required GCNTL file name
depending on script settings, as explained in Section 4.5.11, “Use projection” [181].

» em sfac_run. csh: Runsthe Emisfac program.

Createsthe M5LI ST file by assuming that al of the filesin the SMBDAT/ n6_$EF_YEAR or $\VBD-

AT/ mb_${ EF_YEAR} _$CNTLCASE directory with a“.in” extension should be included in the list.
See Section 4.5.12, “Use MOBILEG6 for on-road mobile sources’ [185] for more information about how
the input file name for MOBILES input files is determined.

* nmake_i nvdi r. csh: Setsthel NVNAMEL and | NVNAME2 settings that Smkinven usesfor creating
the map-formatted inventory intermediate files.

* et conbi ne. csh: Runsthe utility program M etcombine to combine the METCRO2D* and
METCRQBD* filesin the SMETDAT directory. This script creates files named METCOVBO* in the
SMETDAT directory.

* novel og. csh: Deletesor renames the log files, depending on the AUTO_DELETE_ L OG setting.
* ga_run. csh: Runsthe Smkreport program

e snk_run. csh: Runsthefollowing SMOKE programs. Smkinven, Rawbio (for both winter and
summer runs), Nor mbeis3, Spcmat, Grdmat, M bsetup, Premaobl, Metscan, Temporal, Tmpbio,
Tmpbeis3, Smkmerge, Mrggrid, and Smk2emis.

Creates METLI ST file for Premobl by assuming all filesin the SMETDAT directory with names
METCOVBO* should beincluded inthe list. Note that thishelper script must be changed if the
meteorology variables you want to use for on-road mabile processing are not in the VETCOVBO
files.

Creates VEFLI ST file for Temporal by assuming al filesin the $SMK_EM SPATH directory that
have namesfollowing the patternem sf acs* ncf should beincluded inthelist. These are the default
names of emission factor files written out from Emisfac.

CreatesPTMPLI ST filefor Elevpoint by assuming al fileswith the name pattern pt np* $PSCEN* ncf
in the $SVKDAT/ r un_$PSCEN * directories should be included in thefile.

Createsthe METLI ST and RADLI ST filesfor Tmpbio by listing SMET_FI LE1 to METLI ST and
$MET_FI LE2 to RADLI ST. MET_FI LE1 and MET_FI LE2 are set in the Assignsfile.

Determines which speciation matrix is needed for Smkmerge, based on the requested units. If the
MRG_CGRDOUT_UNI T setting contains the string “mol€” then the molar speciation matrix and molar
gridded, hourly biogenic emissions are set to be used by Smkmerge.

Createsthe FI LELI ST filefor Mrggrid from the MRGFI LES setting in the calling merge run script.

4.3.4. Script settings

The SMOKE scripts have many environment variables that users can set based on the program document-
ationin Chapter 6, SVOKE Core Programs[225], aswell as environment variablesthat control the scripts.
The variables that control the behavior of the scripts are described in this section. The settings are listed
in aphabetical order.

Notethat using upper case for the names of these settingsin the scriptsisrequired. Any valuesthat
areY or N settings must also be upper case.
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4.3.4. Script settings

For documentation on the A_SPC_OVERRI DE, N_SPC_OVERRI DE, B_SPC_OVERRI DE,
M_SPC_OVERRI DE, and P_SPC_OVERRI DE settings, please refer to the SPC_OVERRI DE description.

AUTO _DELETE: [Y | N] When set toY, will delete all SMOKE intermediate and output 1/O AP files
automatically. 1t will not delete intermediate and output ASCII files or reports.

AUTO DELETE _LOG [Y | N] When set toY, SMOKE log files will be automatically deleted. Other-
wise, the fileswill be automatically renamed by appending a number to the end. The first timethe a
log file needs to be overwritten, but AUTO DELETE_LOGisN, thefilewill be renamed to afile name
withan*“_1" appended to the original name. If the same file needs to be moved on a subsequent rerun
and the“ 1" fileisalready there, thena“_2" file will be created.

CNTLCASE: When thisis defined to a name of the control case and the SMK_CONTROL__ YN setting
isY, the following changes are made to the naming environment variables by the $AS-
SI GNS/ set _case. scr file:

set env ASCEN ${ ASCEN} _${ CNTLCASE}
set env MSCEN ${ MSCEN} _${ CNTLCASE}
set env PSCEN ${ PSCEN} _${ CNTLCASE}
set env ESCEN ${ ESCEN} _${ CNTLCASE}
setenv FYI OP ${FYI OP} _${ CNTLCASE}

When the CNTLCASE name is set, regardless of the SMK_CONTROL__ YN setting, the $AS-
S| GNS/ set _case. scr filealsoresets FYI NV asfollows:

setenv FYI NV ${FYI NV} _${ CNTLCASE}

This setting isalso used for automatic naming of the GCNTL fileinput to Cntlmat. See Section 4.5.11,
“Use projection” [181].

DEBUG_EXE: Should be set to the name of the fortran debugger (e.g., dbx) to use when running with
DEBUGMODE set to Y.

DEBUGMODE: [Y | N] When set toY, the scripts will try to invoke the debug versions of the SMOKE
executables. These will only be available to be used if the debug versions of the executables have been
created using the M akeall debug command in the $SCRI PTS/ nake directory.

FYEAR: The 4-digit future year value is used for renaming files and directories when the SMK_FU-
TURE_YN setting isY. When thisistrue, the following changes are made to the naming environment
variables by the $ASSI GNS/ set _case. scr script:

setenv ASCEN  ${ ASCEN}- ${fyr 2}
setenv MSCEN  ${ MSCEN} - ${ fyr 2}
setenv PSCEN  ${ PSCEN} - ${fyr 2}
setenv ESCEN  ${ ESCEN} - ${fyr 2}
setenv FYIOP  ${1 NVOP}-${fyr2}
set env EF_YEAR $FYEAR

where ${ f yr 2} isthelast two digits of the FYEAR value. These 2 digits are inserted into the output
file names for Smkinven output fileswhen SMK_FUTURE_YNissettoY.

In addition, when FYEARisdefined, the $ASSI GNS/ set _case. scr script makesthefollows settings
regardless of the value of SMK_FUTURE_YN.

setenv FYINV ${FYI NV} _${fyr2}
setenv BYFYR ${BYFYR} _${fyr2}
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4.3.4. Script settings

This setting isalso used for automatic naming of the GCNTL fileinput to Cntlmat. See Section 4.5.11,
“Use projection” [181].

GROUP_TYPE: [ daily | weekly | monthly | episode ] Controls which meteorology averaging fileswill
be used for arun of the Emisfac program. This can be used in the on-road mobile source scripts only.

G_STDATE_ADVANCE: The value should be set to the number of daysfor 1 run of the Temporal,
Laypoint, and Smkmer ge programs. The example scripts have this set by the NDAYS environment
variable in the Assignsfile. When thisvalue is set, the Assigns file will automatically increment the
ESDATE and G_STDATE environment variables (that control SMOKE file names and time-dependent
programs, respectively) to the next day. This feature is unable to cross from one year to the next.

I NVTABLE _OVERRI DE: Setsafile namefor the | NVTABLE file in the Assignsfile that overrides
whatever value is actually inside the Assigns file. The Assigns file invokes the override mechanism
when this environment variable is defined, so to not use this scripting feature, the variable must not be
defined. In other words, it isnot acceptable to set thisto a blank value.

MRG_GRDOUT_UNI T: While this setting is primarily a setting for the Smkmer ge program, it isalso
used by the SMOKE scripts to determine whether Smkmer ge should use mole-based or mass-based
speciation matrices and biogenic model-ready files. When the variableis set with the first four letters
to “mole’, for example moles/hr, mole/s, or moles/day, the Smkmer ge program will be provided by
the scripts the correct input files. The implementation of this feature currently meansthat units of “gm
mole” will not work properly.

NONRQAD: [Y | N] When set toY, the Assigns file will automatically rename all of the SMOKE area-
source intermediate and output files using the “n” prefix on file names instead of the “a” prefix. For
example, the ATMP fileisset to $SCENARI O nt np. ncf instead of $SCENARI O at np. ncf . Also,
the AREA file coming out of Smkinven changesto be a different name and use a different map-file
directory.

PROVPTFLAG [Y | N] When set to'Y, userswill be prompted for all SMOKE file names. This option
should not be set to'Y for non-interactive processing. In fact, thereislittle need for this to ever be set
toY.

QA LABEL: Userscan label their Smkreport log files and QA reports using this label. Typically, the
QA report names are named using the $FY!I OP variable or $ESCEN variable set in the $AS-

S| GNS/ set _case. scr script. When QA_LABEL is set to something, the log files and reports are
labeled with $FYI OP.$QA LABEL or SESCEN.$QA LABEL. Thisrenaming isdonein the

ga_r un. csh helper script in the $SCRI PTS/ r un directory.

QA _TYPE: [none| all | partl | part2 | part3 | part4 or custom]. This setting controlsthega_r un. csh
helper script and causes different reports to be written. The QA_TYPE settings will cause the script to
use different REPCONFI Gfiles for input to Smkreport, and the REPCONFI Gfiles determine which

reports are generated. Section 4.5.23, “Change reports’ [204] explains these default settings and how
to change them to create the reports that you need.

RUN_PART1, RUN_PART2, RUN_PART3, RUN_PART4: These settings should not have to be changed
by most users. They are included for the convenience of those who want to more easily rearrange their
SMOKE processing. Each source category has its own parts for processing as follows:

Area Biogenic Mobile Point

RUN_PART1

Smkinven, Sp-
cmat, Grdmat,

Rawbio, Norm-
beis3, Metscan

Smkinven, Sp-
cmat, Grdmat,

Smkinven, Sp-
cmat, Grdmait,
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4.3.5.

Area Biogenic Mobile Point
Cntlmat, Grwin- M bsetup, Pre- Cntlmat, Grwin-
ven mabl, Cntlmat, |ven
Grwinven
RUN_PART2 Temporal Tmpbio, Tmp- | Temporal Temporal
beis3
RUN_PART3 Emisfac Elevpoint
RUN_PART4 Smkmerge, Mrggrid, Smkmerge, Laypoint, Smk-
Mrggrid, Smk2emis Mrggrid, merge, Mrggrid,
Smk2emis Smk2emis Smk2emis

RUN_<Pr ogr am Name>: [Y | N] The collection of RUN_<Pr ogr am Nane> variables control
whether a program is going to be run during a given script run. These can be set to N if the program
is not needed for some reason (e.g., the REM SAD model does not need the L aypoint program run).
How these settings should be set isdescribed in Section 4.5.6, “ Change which programsarerun” [169].

SMK_FUTURE_YN: [Y | N] When set toY, the file names and output directories are changed to use
the FYEAR variable setting in the names. See the FYEAR documentation for more information on how
the naming variables are set. This setting is needed only in scripts for processing future-year cases.

SPC_OVERRI DE: Sets avalue for the SPC variable in the Assigns file that overrides whatever value
isactually inside the Assignsfile. The Assignsfileinvokes the override mechanism when this environ-
ment variable is defined, so to not use this scripting feature, the variable must not be defined. In other
words, it is not acceptable to set thisto a blank value.

In addition, the merge scripts that run the Mrggrid program can also usethe A SPC_OVERRI DE,
N_SPC_OVERRI DE, B_SPC_OVERRI DE, M_SPC_OVERRI DE, and P_SPC_OVERRI DE settings.
These settings override the SPC variable used only for the definition of the A_ OUT, N_OUT, B_QOUT,
M_QUT, and P_QUT directories that contain the hourly, gridded, and speciated SMOKE output files.
These settings can be used to pull multiple chemical mechanisms (such as toxics and non-toxics) into
a single model-ready file. The user must determine which multiple mechanisms are appropriate to
combine. It is acceptable to combine toxics-integrated and criteria-only current CB4 mechanisms, but
inappropriate to combine CB4 and RADM mechanisms.

SRCABBR: Setsthe source category abbreviation namefor usein naming log files. Thetypical settings
are ar (area sources), nr (nonroad sources), mb (mobile sources), bg (biogenic sources), and pt (point
sources).

YEAR_OVERRI DE: Setsavaluefor the YEARand EF _ YEARVvariablesinthe Assignsfilethat overrides
whatever value is actually inside the Assigns file. The Assigns file invokes the override mechanism
when this environment variable is defined, so to not use this scripting feature, the variable must not be
defined. In other words, it isnot acceptable to set thisto a blank value.

SMOKE settings controlled through scripts

All SMOKE programs can be controlled by input environment variables, and the run scripts control these
variables. The program documentation in Chapter 5, SMOKE Utility Programs [207], Chapter 6, SMOKE

Core Programs [225], and Chapter 7, SMOKE Quality Assurance [327] include the available environment

variable settings for each program.
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4.3.6.

The example run scripts contain most of the major script settings needed for running SMOKE. The major
exceptionto thisisthe UAM _* settings needed for Smkmer ge and Smk2emis, when running for REM SAD,
UAM-V, and CAMy. These can be added to the scripts as needed.

Adapting old scripts

The latest scripts have some useful enhancements over previous SMOKE script versions. These updates
are intended to reproduce many of the features users have independently added to their scripts to support
the ways SMOKE is most commonly used. These changes includes:

Improved automatic creation of output and input directories

Optional automatic deleting of SMOKE intermediate and output files for reruns

Built-in ability to model honroad sources as a separate source category

Built-in feature for incrementing model days

Simplified Assignsfiles

Better internal documentation of options available for each program

Automated selection of mass or mole based speciation matrices, based on units selected by the user
Log file renaming without prompting users

Automated list file building for intermediate lists of files (e.g., PTMPLI ST, METLI ST, MEFLI ST
files)

Optional debug settings in script to switch production scripts to debug scripts easily (for advanced
users)

The features of the new scripts that are needed when adapting old scripts to run with SMOKE v1.5 and
later are asfollows:

The Smkinven output files must be deleted. This can be accomplished by adding the RUN_PART1
environment variableto themain script and setittoY. IntheAssignsfile, call thesnk_rnfil es. scr
asthelast call prior to exiting the Assignsfile.

The Smkinven | NVNAVEL and | NVNAME2 environment variables must be set. To do this, make sure
tousethenew snk_r un. csh instead of theold snk_r un. scr script in your main run scripts.

If not processing for toxics, the | NVTABLE environment variable isthe only new required logical file
name. This must be added to your old Assignsfiles. The SI POLS and ACTVNANMS settings can be re-
moved.

If processing for toxics, we do not recommend that you try to run with your old scripts. If you do, you
will at least need to add the NHAPEXCL UDE and ARTOPNT filesto your scripts. You will also have
to add options to Smkinven.

Asof SMOKE v2.3, two new environment variables[ Al M P] TVPNAME and [ A| M P] TSUPNANVE
are used to set the directory and file prefix for naming the output files[ Al M P] TMP and

[ Al M P] TSUP. Thefiles are named using the starting date of each time period.For example, if AT-
MPNAME is set to /data/ntmp.nctox., then the ATMP file for a given time period will be put in the data
directory and named ntmp.nctox.start date.ncf.
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4.4. Running the nctox test case

Asmentioned in Section 4.1, “Introduction” [139], the first step in working with SMOKE isinvoking the
Assignsfile. In this section, we will go beyond that first step to actually running the scripts for the nctox
case. But first, we will review the essential steps for running SMOKE each and every time you start to
work with the SMOKE system.

First, the SMK_HOVE environment variable needsto be defined. In Section 12.3, “Installing SMOKE” [515],
we explain that you can configure your UNIX system to set this automatically each time you log into your
computer. If you have not done that, then you will need to set the SIVK_HOVE variable manually before
invoking an Assignsfile:

setenv SMK HOVE <directory in which you installed SMOKE>

Second, you must invoke the Assigns file for the case that you want to run. Thiswill make available all
of the environment variables that you can use to navigate through the SMOKE directory structure. There
isadifferent Assignsfilefor each case, so we provide thisinstruction with the case-specific documentation
below. Of course, when you develop an Assigns file for your case, you will use that instead.

NOTE: All of the SMOKE scripts assume that you are running avariant of the C-shell (either csh or tcsh).
The scripts will not work with other shells such as bash. If your shell is not csh or tcsh, you will need to
change into an appropriate shell before running any SMOKE scripts.

To run the nctox test case, you must first source the Assigns file using the commands below:
cd $SMK_HOWE/ subsys/ snoke/ assi gns (change to the assigns directory)
sour ce ASSI GNS. nct ox. cnag. cb4p25_wt ox. us12- nc (set up for the nctox case)

Next, you'll run the base-year nctox scripts. These scripts process the stationary area, biogenic, nonroad
mobile, and point emissions for the base year. The commands to run the scripts are below:

cd $SCRI PTS/ r un (change to the run scripts directory)
snk_ar _nct ox. csh (invoke the stationary area run script)
snk_bg_nct ox. csh (invoke the BEIS3 biogenic run script)
snk_nr _nct ox. csh (invoke the nonroad mobile run script)
snk_pt _nct ox. csh (invoke the point run script)

snmk_nrgal | _nct ox. csh (invoke the all-sources merge script)

After running the base-year nctox case scripts, you will run the MOV ES scripts based on the different
modeling domain in Georgia. These scriptswill process three major emission processes using preprocessed
MOV ES RatePerDistance, RatePerVehicle, and RatePerProfile lookup tables. The hourly gridded speciated
output files from MOVES scripts can not be merged with nctox base case due to the different modeling
domain. The commands to run the scripts are shown below:

run_met 4noves. MOVES. csh (invoke the MOVES onroad run script)
snk_onr oad_MOVES. csh (invoke the MOVES onroad run script)

snk_of f r oad- r pv_MOVES. csh (invoke the MOVES offroad-rpv run script)
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snk_of f r oad- r pp_MOVES. csh (invoke the MOVES offroad-rpp run script)

After running the base-year nctox case scripts, you will run the future-year nctox case scripts. These scripts
will grow the base year emissionsto afuture year and the process the emissions. The commands to run
the scripts are shown below:

snk_ar _nct ox_18. csh (invoke the 2018 stationary area run script)

snk_nr_nct ox_18. csh (invoke the 2018 nonroad mobile run script)

snk_pt _nct ox_18. csh (invoke the 2018 point run script)

snk_nrgal | _nctox_18. csh (invoke the 2018 all-sources merge script)

To verify that the scripts have run correctly, go to the log file directory and ook for errors by using:

cd $LOGS (changeto thelog file directory for the test case)

grep ERROR *
If there are no errors, the next step isto run a QA script to be sure that the answers match.
cd $SCRI PTS/i nstal | (changetotheinstall directory)

check_snk_i nstal | (invokethe smokeinstall quality assurance script)

4.5. How to use SMOKE

This section builds on the previous section to describe how to use the SMOKE files, scripts, and programs
to create emission inputs for your air quality model. Thefirst part of setting up SMOKE for a case other
than the test case that comes with SMOKE isto create an Assignsfile and script files for your case. If you
have not read through the earlier parts of this chapter, we recommend that you do so. There are some crit-
ical pointsthat you need to understand about the Assignsfile and scripts. In Section 4.1, “ Introduction” [139],
we have described that an Assigns file must always be used when starting to work with SMOKE and the
UNIX commands to do that. In Section 4.3, “ Script descriptions’ [141], we have already described the
purpose and use of the Assigns file and scripts, so please refer to that section for more information on
these.

You may use this section as a step-by-step guide for all of the changes that you need to make to the scripts
and files for running SMOKE. If you read it straight through and follow all of the steps that apply to your
situation, then you will have set up SMOKE for your modeling case. If you are already familiar with
SMOKE, you may also use this section as areference for changing specific parts of the configuration to
meet specific needs.

To create your own scripts and use your own data for the first time, you must take the following steps:

1. Copy the example Assigns file to your own copy. The name of the Assigns file is not critical to the
success of this step, but it is useful to name the file something that you will be able to identify easily
for the modeling case for which it will be used.

cp ASSI G\S. nct ox. cmaq. cb4p25. us12-nc <yourfil e>

2. Modify the necessary features of the Assigns file for your case. For example, change the scenario
names, episode dates, duration, grid name, or speciation name. Some of these changes require addi-
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tional input files. See Section 4.5.1, “Change Assigns file to set scenario names, grid names, and
other case-specific configuration information” [150] for more details on the settingsthat you can change
and the values to use for each.

3. Invokethe Assignsfile. Thiswill create all of the input and output directories that you will need to
set up your case:

source <yourfil e>

4. Copy the appropriate nctox scripts to your own scripts, change the Assigns file listed in the script to
the one that you created in the previous step.

5. Using one or more of the subsections in this chapter, create your input files and change the options
in the scripts. The subsections below explain what files and settings need to be changed and checked
for many types of operations for configuring SMOKE.

You need not always start from the example Assigns file. Once you have your own case-specific Assigns
files, you may use them as starting points for creating other files.

4.5.1. Change Assigns file to set scenario names, grid
names, and other case-specific configuration information

This subsection provides an overview of all of the Assigns file settings that you may need to change. The
remaining subsections in this chapter include more detail about the changes as associated with specific
modeling needs. For exampl e, Section 4.5.10, “Use adifferent speciation mechanism or change speciation
inputs’ [176] explains how to change the Assigns file to set different chemical mechanisms as well as all
of the files needed.

In the 5-step list provided in the previous section, note that the Assigns file must first be changed (step 2)
and then invoked (step 3) to create the input and output directories for your case. Ideally, al of the settings
in the list below would be done in step 2 before step 3 is performed. If thisis not possible, however, you
should at a minimum set thefirst fiveitems on the list bel ow before moving to step 3. These arethe variables
that affect the input and output directory names, so if they are set, then the directories that you need to use
will for all other configuration steps will be set up for you.

Thelist below providesthe typical settings that may need to be changed to be consistent with the case that
you need. Each item in the list references a different section of this chapter and Table 4.1, “Variable in
Assigns file for naming files and directories’ [152] or Table 4.2, “Variables in Assignsfile for controlling
time period and grid of processing” [154] for more information. The variablesin the Table 4.1, “Variable
in Assigns file for naming files and directories’ [152] are used for naming files and directories. Table 4.2,
“Variablesin Assignsfilefor controlling time period and grid of processing” [154)] includesthe settings for
controlling the time period and grid of your SMOKE runs.

The checklist of major Assigns settings to changeis:

1. Changethel NVI D, | NVEN, and I NVOP values to a new inventory name. The simplest approach is
to set these three variables to the same name, but different names can be used. Examples of which
filesor directories are affected by these settings are provided in Table 4.1, “Variablein Assignsfile
for naming files and directories’ [152]. See also Section 4.5.2, “Use new inventory data’ [155].

2. Changethe ABASE, BBASE, MBASE, PBASE, and EBASE valuesto anew scenario name. The simplest
approach is to set these three variables to the same name, but different names can be used. Examples
of which files or directories are affected by these settings are provided in Table 4.1, “Variablein As-
signsfilefor naming filesand directories’ [152]. Seealso Section 4.5.2, “Use new inventory data” [155].

150



4.5.1. Change Assignsfileto set scenario names, grid names,
and other case-specific configuration information

Change the METSCEN val ueto your meteorol ogy scenario name. Thiswill affect the name of theinput
directory for the meteorology files (the SMETDAT directory, which can be alinked directory if you
do not want to install your meteorology files under the SMOKE directory structure).

Change the SPC value to one of the supported speciation mechanisms (see Section 4.5.10.1,
“Choosing from default mechanisms” [176]) or to anew speciation mechanism (see Section 4.5.10.2,
“Setup of new mechanism or changing an existing mechanism” [179]).

Changethe GRI Dand | QAPI _ GRI DNAME_ 1 values to the grid names for naming files. See al'so
Section 4.5.9, “Use anew modeling grid or change spatial inputs (anthropogenic and biogenic)” [172].

Change the run period naming settings ESDATE and NDAYS (see Table 4.1, “Variable in Assignsfile
for naming files and directories’ [152]). See also Section 4.5.13.4, “ Changing the dates, times, and
duration of model-ready SMOKE emissionsfiles’ [191].

Changethe episode settings EPI _ STDATE, EPI _STTI ME, EPI _RUNLEN, and EPI _ NDAY and the
run period settings G_STDATE, G_STTI ME, and G_RUNLEN. See Table 4.2, “Variablesin Assigns
file for controlling time period and grid of processing” [154] and Section 4.5.13.3, “Changing the
episode” [190] and Section 4.5.13.4, “ Changing the dates, times, and duration of model-ready SMOKE
emissionsfiles’ [191].

Change the YEAR value to the year of your base case inventory. In addition to being used in file
names, this variable is used to automatically set the EF_YEAR variablein Table 4.2, “Variablesin
Assignsfilefor controlling time period and grid of processing” [154].

151



4.5.1. Change Assignsfileto set scenario names, grid names,
and other case-specific configuration information

Table 4.1. Variable in Assigns file for naming files and directories

Environment
Variable Description
I NVI D Inventory input directory identifier. Controlsdirectory path of input inventory. | NVDI R
= $SMKDAT/ i nvent ory/ $I NVI D
I NVOP Base year inventory output name. Controls output file names for SMOKE intermediate

inventory files and other output files from Smkinven and inventory-only reports from
Smkreport. Thisvariable is used to initialize the FYI OP variable, which is aso used
inthe Assignsfileand is equal to | NVOP for base case modeling. FYI OP isreset by
theset _case. scr helper script (see Section 4.3.4, “ Script settings’ [143] document-
ation on FYEAR and CNTLCASE)

I NVEN

Base year inventory name, with version. Controls directory path of output inventory.
I NVOPD = $SMKDAT/ i nvent or y/ $I NVEN

ABASE

Scenario identifier for area/non-point and nonroad mobile sources. Controls output file
names and directories for outputs from SMOKE programs other than Smkinven (e.g.,
locations and file names of all matrices, hourly emissions, model-ready files). This
variableis used to initialize the ASCEN variable, which isalso used in the Assignsfile
and isequal to ABASE for base case modeling. ASCENisreset by theset _case. scr
helper script (see Section 4.3.4, “ Script settings’ [143] documentation on FYEAR and
CNTLCASE). Should be set to the same value as BBASE, MBASE, PBASE, and EBASE
for the basic configuration.

BBASE

Scenario identifier for biogenic sources that works the same way as ABASE, but affects
the BSCEN variable.

MBASE

Scenario identifier for on-road mobile sources that works the same way as ABASE, but
affects the MSCEN variable.

PBASE

Scenario identifier for on-road mobile sources that works the same way as ABASE, but
affects the PSCEN variable.

EBASE

Scenario identifier for merged emissions sources. Controls output file names and direct-
oriesfor outputsfor final model-ready files. Setsthe path for the STATI C, SCENARI O,
and QUTPUT directories and file names for the merged outputs for multiple source cat-
egories from the Smkmer ge program (e.g., the EGTS3D L file).

METSCEN

M eteorol ogy scenario name. Setsthe METDAT directory for the M CIP meteorology files
and can be used to set the meteorol ogy file names (not done in example nctox scripts).
Also helps set namesfor meteorol ogy-dependent SMOK E intermediate filesfor biogenics
(Tmpbeis3 outputsB3GTS_Sand B3GTS L), on-road mobile (Tempor al output MTVP),
and point (L aypoint outputs PLAY and PLAY_EX).

GRI D

Grid name used for naming files that depend on the selected grid. User must coordinate
GRI D settingswith | OAPI _GRI DNAME_1 setting Table 4.2, “Variablesin Assigns
file for controlling time period and grid of processing” [154]. Dependent files include
gridding and ungridding matrices, gridded land use and biogenic emissions, hourly
mobile emissions, layer-fractions files, model-ready emissions, and some reports.

SPC

Speciation profile name for selecting input files and naming output files and directories
that depend on the chemical mechanism. This setting can be overridden by the
SPC_OVERRI DE script setting (see Section 4.3.4, “ Script settings’ [143]). The SPC
setting sets input files GSPRO and GSREF; speciation matrix intermediate file names,
and output directories OUTPUT, A OUT, B_OUT, M _OUT, N_QUT, and P_QUT.
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Environment
Variable Description
ESDATE Starting date for first modeled period in episode. Hasformat YYYYMMDD where

YYYY isthe4-digit year, MM isthe two-digit month (e.g., 07 for July), and DD isthe
two-digit day (e.g., 01 for the first). Users should coordinate this with the G_STDATE
setting Table 4.2, “Variables in Assignsfile for controlling time period and grid of
processing” [154]. The Assigns file resets this variable if the G_STDATE_ADVANCE
variableis set by acalling script (see Section 4.3.4, “ Script settings’ [143]).

VSDATE

Meteorology file dates. This variable can be used to help name time-dependent meteor-
ology files or directory names. In the example scripts for the nctox case, however, this
variable is not used and the G_STDATE variable is used instead.

NDAYS

Number of daysin a modeling period. To break up a modeling episode into multiple
modeling periods of one or more days, the user must set and coordinate this setting with
the G_RUNLEN setting Table 4.2, “Variablesin Assigns file for controlling time period
and grid of processing” [154]. NDAYS represents the number of daysindicated in hours
by the G_RUNLEN variable. NDAYS is used for naming hourly emissions files output
from the Tempor al program, biogenic outputs from Tmpbio, layer fractionsfiles from
L aypoint, and model-ready emissions files from Smkmer ge.

YEAR

Base case modeling year. This setting is used to set several thingsin coordination with
the FYEAR and SMK_FUTURE_ YN script settings (see Section 4.3.4, “ Script set-
tings’ [143]). For base case moddling, it setsthe EF_ YEAR setting that controls Emisfac.
For growth modeling, it is used in the file name for the GCNTL input file, set by the
growth/control example nctox scripts. This setting can be overridden by the
YEAR_OVERRI DE setting, also described in Section 4.3.4, “ Script settings’ [143]. Lastly,
it isused to set the file name for the winter/summer designations file output from

M etscan, called the Bl CSEASONffile.
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Table 4.2. Variables in Assigns file for controlling time period and grid of processing

Environment Variable

Description

G_STDATE

Julian starting date of first modeled period in episode. HasformatYYYYDDD
whereYYYY isa4-digit year and DDD isa 3-digit Julian date (e.g., 001 for
thefirst day of the year). Users should coordinate thiswith the ESDATE setting
Table 4.1, “Variablein Assignsfilefor naming filesand directories’ [152]. The
Assignsfileresetsthis variable if the G_STDATE_ADVANCE variable is set
by acalling script (see Section 4.3.4, “ Script settings’ [143]). Controls operation
of time-dependent programs Temporal, Tmpbio, Laypoint, and Smkmerge.

G_STTI ME

Start time of each period in the episode. Has format HHMMSS where HH isa
2-digit hour (leading zero not required), MM is a 2-digit minute (set to 00 for
SMOKE), and SSis a2-digit second (set to 00 for SMOKE).

G_RUNLEN

Duration of each run period in episode. To break up a modeling episode into
multiple modeling periods of one or more days, the user must set and coordinate
this setting with the NDAYS setting Table 4.1, “Variable in Assignsfile for
naming filesand directories’ [152]. G_RUNLEN hasformat HHHHMMSS, where
HHHH isa4-digit duration in hours (leading zeros not required), MM and HH
should be set asfor G_STTI ME. G_RUNLEN controls the duration modeled
for each run of the Temporal, Tmpbio, L aypoint, and Smkmer ge programs.
Must be set one hour greater than the number of daystimes 24 (e.g., atwo-day
period lengthis2 x 24 + 1 = 49).

G_TSTEP

Time step. Has format HHMM SS with format the same as described for
G_STTI ME. The current version of SMOKE allows this setting to only be
10000, for hourly timesteps.

EPI _STDATE

Episode start date. Hasthe sasmeformat asG_STDATE. Does not change during
the course of an episodic run. In the Assigns file, should be set the same as
G_STDATE.

EPI _STTI ME

Episode start time. Hasthe sameformat asG_STTI ME. Does not change during
the course of an episodic run. In the Assigns file, should be set the same as
G_STTI ME.

EPI _RUNLEN

Episodeduration. Hasthe sameformat asG_RUNLEN. Does not change during
the course of an episodic run. In the Assignsfile, should be set for the entire
duration of the modeling episode, which must be greater than or equal to
G_RUNLEN minus one hour, islimited to at most one year, and for best results,
should beamultiple of G RUNLEN minusone hour. For example, if G RUNLEN
is$250000 (oneday plustherequired one additional hour), EPI _ RUNL EN must
be at |east 240000 and at most 365 x 240000 = 87600000. This example would
run an annual episode using 24-hour run periods.

EPI _NDAY

The number of days in the episode. Should be the value of EPI _ RUNLEN di-
vided by 240000. This settings controlsfor how many daysto use the automatic
looping in the example scripts, which loops over all of the periods (set by
G_RUNLEN) during the episode (set by EPI _ RUNLEN).

EF_YEAR

The emission factor year. Controls the year for which emission factors are
generated by MOBILEG6 viathe Emisfac program. Thisis set automatically by
the Assignsfile based on the YEAR setting (see Table 4.1, “ Variable in Assigns
file for naming files and directories’ [152]).
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Environment Variable Description

| OAPI _GRI DNAME_1 |Theselected grid. Controlswhich grid will be selected by the Grdmat program

from the GRI DDESC file. Users should coordinate this setting with the GRI D
setting from Table 4.1, “Variable in Assignsfile for naming files and director-
ies’ [152], whichisused for naming files. This setting must match the grid names
in the gridded land use and spatial surrogatesfiles' headers.

4.5.2. Use new inventory data

This section describes what steps are necessary to take when using new inventory data for anthropogenic
sources. For information on biogenic sources, see Section 4.5.15, “Use BEIS2" [195] and Section 4.5.16,
“Use BEIS3" [196]. For moreinformation about the detail s of each source category (e.g., what isthe differ-
ence between using MOBILE6 emission factors or precomputed on-road mobile emissions), see Sec-
tion 2.8.1, “Summary of SMOKE processing categories’ [33].

Because this section is so spread out, we provide a small section guide here. This section includes the fol-
lowing subsections:

Area/non-point inventories

Nonroad mobile inventories

On-road mobile inventories

Point inventories

Day-specific and hour-specific point and fire inventories
Future-year inventories

Pre-gridded inventories

Using seasonal and annual datain the samerun

Files and settings for all inventories

4.5.2.1. Area/non-point inventories

1.

Determine the file format that you have (for preformatted data) or want to create (for new data).

a

Preformatted data considerations

If you have preexisting datain SMOKE input format, then you will most likely want to use
that format to input to SMOKE, unless you discover that you need a different format to take
advantage of a SMOKE feature not available in a different format.

If you have IDA formatted criteriainventory and SMOKE toxics formatted toxics inventory,
then you can use these two different formats using alist file.

If you have multiplefilesin asingle format, then you can combinetheseinto asingle SMOKE
runusing alist file. Thisisusually the case for users who have EM S-95 formatted data.

If you have datain more than oneformat other than the case just mentioned, you must convert
all files to the same format or process them separately in SMOKE, merging the hourly,
gridded, speciated emissions files using Mrggrid.

If your area inventory includes nonroad mobile sources, you can process nonroad mobile
sources with stationary area sources in most cases (see next bullet for exception).

If you want to combine nonroad mobile criteria and toxics inventories, you need to process
nonroad mobile sources separately from area sources (see Section 4.5.2.2, “Nonroad mobile
inventories’ [157]).
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b.

* Pregridded datafrom any source category can beinput to SMOKE as an area source, but you
must convert the datato an I/O API NetCDF file format first. See Section 4.5.2.7, “Pre-
gridded inventories’ [164] for more information.

New data considerations
¢ Werecommend using the IDA format for criteriainventories.
*  Werecommend using the SMOKE ORL format for toxics inventories.

» If using both criteria and toxics data and wish to have the full functionality of SMOKE for
both inventories, you must use the IDA format for criteriainventories and the SMOKE ORL
format for toxicsinventories. You also must use alist file to list both inventory files (criteria
and toxics) for SMOKE to combine.

e Itispossibleto use any format for any type of data, provided that the fields that you want to
use for cross-reference assignments are available in the format you select. For example, if
you want to use MACT-based assignments for controls, you must use the SMOKE ORL
format for area/non-point sources, sinceit is the only format available that includes MACT
code as a source éttribute.

Collect or create inventories in correct formats.

Inventory filesfor areasources are usually named starting with “arinv”, because ARl NV isthelogical
file name (environment variable) that Smkinven usesto read the file. The formats available for
area/non-point sources are;

a

Listformat. Thelist format issimply an ASCI| filethat listsall of thefilesthat you want SMOKE
toimport in asingle run.

IDA format. Thisformat ismost appropriatefor criteriainventoriesfor stationary areaand nonroad
mobile sources.

SMOKE ORL format. Thisformat is most appropriate for non-point toxicsinventories, but also
can be used for any inventory data.

EMS-95 format. Thisformat is most appropriate for existing data sets when the user does not
want to convert to a different format.

Pregridded 1/0 API format. Thisformat can only be used for pregridded data that has been con-
verted to atime-independent, gridded 1/0 API file. The variablesin the file are the pollutants.
No SCCs or other source information can be provided with this format.

Set and/or check the file headers that apply for your file format.

a

File format header: Make sure that the first line of thelist file or individual files start with the
#LIST (for list filesonly), # DA, #EM S-95, or #TOXICSNONPOINT (see Section 8.2.1.2, “File
format header” [379]).

File type (#TY PE header): The type isimportant because it helps SMOKE determine the file
format (e.g., whether IDA point or IDA on-road activity). Make sure that the header has been
set according to the directionsin Section 8.2.1.4, “Header records’ [380].

Country (#COUNTRY header): Make sure that this head has been used and that the country
name used in this header matches the name in the country section of the COSTCY file.
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7.

Inventory year (#Y EAR). For IDA and SMOKE ORL formats, make sure that theinventory year
is accurately reflected in the header. Thisisthe only way SMOKE knows what year the datais
for. If thisyear isnot abase year but afuture-year, make sureto follow the additional instructions
in Section 4.5.2.6, “Future-year inventories’ [164].

For EMS-95 format, this header does not apply. Instead, use the /INVY EAR/ packet in the list
file

Description (#DESC header): Although this header is not required, it is good practice to take
advantage of it and include as much information about the data as you have. Thereisno limit to
the number of #DESC headers that can be included in thefile.

Data header (#POLID or #DATA header): For IDA format, make sure that this required header
isincluded in thefile. It should accurately reflect the data values provided on each line of the
IDA-formatted file. If there are datafields at the end of the file that you want to drop from being
imported, you can leave them off of the #POLID or #DATA header to cause them to not be im-
ported by Smkinven (see also the | NVTABLE file for dropping emissions during import).

For SMOKE ORL format, this header does not apply. The pollutants are designated by code
number (i.e., CAS number) in the file format and therefore the header is not needed.

For EMS-95 format, this header does not apply. The pollutants are listed by 5-character names
in the format on each line of the file.

Check for additional “headers’ in thefile. The IDA format permits multiple header sectionsin
asingle IDA file. Search for the “#" symbol to see if there are other header lines and to ensure
that any additional header lines are correct. It is acceptable to have different years, countries,
and pollutants in different sections of the file.

Install inventory filesin SARDAT directory.

This directory is $SIVKDAT/ i nvent ory/ $1 NVI Y ar ea.

Ensure the Assignsfile has the ARI NV variable set to the ARl NV file name for your area-source in-
ventory file.

Optionally, set up to assign point-source locations to area sources using the ARTOPNT file.

a

b.

Put the ARTOPNT fileinthe $1 NVDI R/ ot her directory.

Ensure the name of the ARTOPNT fileis consistent with the ARTOPNT setting in the Assigns
file.

Make sure that the ARTOPNT file data are consistent with the year of your inventory (e.g., use
1999 coordinates for a 1999 inventory), or that you can accept any discrepancies.

Seealso stepsfor all source categoriesin Section 4.5.2.8, “Filesand settingsfor all inventories’ [165].

4.5.2.2. Nonroad mobile inventories

1

Determine the file format that you have (for preformatted data) or want to create (for new data).

a

Preformatted data considerations

e See Section 4.5.2.1, “Area/non-point inventories’ [155] for issues relating to stationary area
/ non-point sources. These are the same issues as for nonroad mobile sources.
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If you need to process nonroad mobile separately from stationary area/non-point sources
because of recommendationsin Section 4.5.2.1, “Area/non-point inventories’ [155], you must
separate the stationary area/non-point and nonroad mobile sources to two separate filesiif
they are not already separated. There is no SMOKE utility to do this, but the UNIX grep
command can be used to search for all SCCsin the nonroad mobile inventory; for example,
all SCCs starting with “22".

b. New dataconsiderations

See Section 4.5.2.1, “Area/non-point inventories’ [155] for issues relating to stationary area
and non-point sources. These are the same issues as for nonroad mobile sources.

Decide whether area and nonroad mobile sources will be processed together, which may
depend on whether the available inventory data include both area and nonroad mobile or
whether they are already separate. One reason for separate processing isif you anticipate
control strategies that affect only stationary area or only nonroad mobile sources, though it
is not required that the processing be separate to apply such controls. A second reason for
separate files if you are also using toxics inventories.

If processing nonroad mobile sources separately, continue with these steps. Otherwise, the steps for
area/non-point sourceslistedin Section 4.5.2.1, “ Area/non-point inventories’ [ 155] will be sufficient.

Collect or create inventories in correct formats.

Inventory files for nonroad sources are usually named starting with “nrinv”, because the Assignsfile
uses the NRI NV environment variable to set the ARl NV logical file name (environment variable) that
Smkinven usesto read thefile. The list of available formats for nonroad mobile sourcesis:

a. Listformat. Thelist format issimply an ASCI| filethat listsall of thefilesthat you want SMOKE
toimport in asingle run.

b. IDA format. Thisformat is most appropriate for criteriainventories.

c. SMOKE ORL format. Thisformat is most appropriate for toxics inventories, but also can be
used for any inventory data.

d. EMS-95format. Thisformat is most appropriate for existing data sets when the user does not
want to convert to a different format.

Set and/or check the file headers that apply for your file format.

a  Fileformat header: Make sure that the first line of thelist file or individual files start with the
#LIST (for list files only), #1DA, #EM S-95, or #TOXICS.

b.  For other headers, please refer to the documentation in step (3) of the arealnon-point stepsin
Section 4.5.2.1, “Area/non-point inventories’ [155].

Install inventory filesin $NRDAT directory.

Thisdirectory is$SMKDAT/ i nvent or y/ $1 NVI Y nonr oad.

Ensure the Assigns file has the NRI NV variable set to the NRI NV file name for your new nonroad-
mobile-source inventory file.

Optionally, set up to assign point-source locations to nonroad mobile sources using the ARTOPNT

file.
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Pleaserefer to the documentation in step (6) of the area/non-point stepsin Section 4.5.2.1, “Area/non-
point inventories’ [155].

7. Seedsostepsfor al source categoriesin Section 4.5.2.8, “Filesand settingsfor all inventories’ [165].

45.2.3. On-road mobile inventories

1. Determinethefile format that you have (for preformatted data) or want to create (for new data).

a  Preformatted data considerations

If you have VMT data, it must bein IDA activity format or EMS-95 format.

EMS-95 format requiresa VMIM X file aswell. SMOKE's VMI'M X file cannot be hour-
specific as can thefile for EMS-95. The VMI'M X fileincludes a space-delimited format and
fixed-column format.

The IDA activity format can be used when computing toxic emissions using MOBILES.

Precal culated on-road emissions data can be input in either IDA on-road emissions format,
SMOKE ORL format, or EMS-95 format.

*  WhenusingVMT and precomputed criteriaemissions, use | DA format for the emissions.

e Whenusing VMT and precomputed toxic emissions, use SMOKE ORL format for the
emissions.

»  When using criteriaand toxics emissionsand integrating VOC emissions, use IDA format
for the criteriaemissions, SMOKE ORL format for the toxic emissions, and alist file to
combine the two inventories.

Pregridded data must be input as an area source.

b. New dataconsiderations

If using MOBILEG6 emission factors through SMOKE, create aVMT filein IDA on-road
mobile activity format (or use in combination with list format).

We recommend using the IDA format for criteria emissions inventories.

If using both VMT and emissions, you must use a list-format to import the two separate in-
ventories together.

We recommend using the SMOKE ORL format for toxics inventories.

If using both criteria and toxics data and wish to have the full functionality of SMOKE for
both inventories, you must use the IDA format for criteriainventories and the SMOKE ORL
format for toxics inventories. You also must use alist fileto list both inventory files (criteria
and toxics) for SMOKE to combine.

2. Collect or create inventories in correct formats.

Inventory filesfor on-road mobile sources are usually named starting with “mbinv”, because Smkinven
usesthe MBI NV logicd file name (environment variable) to read thefile. Thelist of available formats
for on-road mobile sourcesis:
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a. Listformat. Thelist format issimply an ASCI| filethat listsall of thefilesthat you want SMOKE
toimport in asingle run.

b. IDA activity format. Thisformat isfor VMT inventories.
c. IDA emissionsformat. Thisformat is most appropriate for criteria emissions inventories.

d. SMOKE ORL format. Thisformat is most appropriate for toxics inventories, but also can be
used for any inventory data.

e. EMS-95format. Thisformat is most appropriate for existing data sets when the user does not
want to convert to adifferent format. Inventory filesin thisformat will also require the VMIM X
file to be created or provided.

Set and/or check the file headers that apply for your file format.

a. Pleaserefer to the documentation in step (3) of the area/non-point stepsin Section 4.5.2.1,
“Area/non-point inventories’ [155].

b. For IDA activity format, make sure that the #UNITS header is being used to set the units of the
activity fields. Please refer to Section 8.2.1.4, “Header records’ [380] for more information.

Install inventory filesin $IVBDAT directory.
Thisdirectory is$SMKDAT/ i nvent ory/ $1 NVI D/ nobi | e
Install other mobile-specific filesin inventory directories.

The following mobile-specific files must also be installed in the MBDAT directory. Thesefiles can
usually be copied from the example files provided with the SMOKE installation. The formats and
additional discussion about the contents of these files can be found in Section 8.9.2, “Mobile’ [452].
Thesefilesare:

+ MCODES

* MCREF (MOBILES6 usage only)

«  MREF (MOBILES6 usage only)

« MEPROC (MOBILES6 usage only)

e MOBILES6 input files (MOBILEG6 usage only)

For al inputs needed for MOBILE6 usage only, refer to Section 4.5.12, “Use MOBILES6 for on-road
mobile sources’ [185].

Ensure the Assigns file has the MBI NV variable set to the MBI NV file name for your new on-road
mobile-source inventory file. If providing a VMIM X file (for EMS-95 format only), also check that
the file name matches the file name in your Assigns file.

If using EMS-95 input format, set the SMK_VMIM X_FI XFMI setting to be consistent with the format
used for the VMI'M X file. See the Section 6.16, “ Smkinven” [283] and Section 8.2.9, “VMIM X:
Mobile vehicle mix data’ [413] for more information.

If using EMS-96 input format, set the REPORT DEFAULTS settingtoY if you would like al of the
default assignments of VMI'M X to be reported to the Smkinven log file.
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Setting REPORT_DEFAULTStoY thefirst timeyou run with anew inventory isusually agood idea.
Once you have convinced yourself that no default VMT mix profiles are used or that al of the default
applications are acceptable, you can then reset the REPORT_DEFAULTS setting to N to prevent an
excessive number of warning messages from being written to the Smkinven log file.

Please note that the REPORT _DEFAUL TS setting is al so used by many other SMOKE programs, and
that its value can be set only once in the run scripts for all programs.

9. Seedsostepsfor al source categoriesin Section 4.5.2.8, “Filesand settingsfor all inventories’ [165].

10. If using MOBILE®6 through SMOKE, anumber of other filesmust beinstalled that match your invent-
ory. See Section 4.5.12, “Use MOBILESG for on-road mobile sources’ [185] for more information.

4.5.2.4. Point/fires inventories

1. Determinethefile format that you have (for preformatted data) or want to create (for new data).

a.  Preformatted data considerations

If you have preexisting datain SMOKE input format, then you will most likely want to use
that format to input to SMOKE, unless you discover that you need a different format to take
advantage of a SMOKE feature not available in a different format.

If you want to integrate criteriaVOC with toxics VOC, the IDA format must be used for the
criteriainventory and the SMOKE ORL format for the toxics inventory.

If you have multiplefilesin asingleformat, then you can combinetheseinto asingle SMOKE
runusing alist file. Thisisawaysthe case for userswho have EM S-95 formatted data, since
the EM S-95 point source format is actually five separate files - usually with separate files
for each state.

EMS-95 formatted data will not be able to be used with CEM-formatted inventories; IDA-
formatted inventories must be used to work with CEM-formatted inventories because the
ORISID and Boiler ID fields are used to match sources between the IDA and CEM-
formatted inventories.

Pregridded data must be input as an area source.

b. New dataconsiderations

We recommend using the IDA format for criteriainventories.
We recommend using the SMOKE ORL format for toxics inventories.

If using both criteria and toxics data and wish to have the full functionality of SMOKE for
both inventories, you must use the IDA format for criteriainventories and the SMOKE toxics
format for toxicsinventories. You also must use alist file to list both inventory files (criteria
and toxics) for SMOKE to combine.

Hour-specific or day-specific data (including precomputed plume-rise data) are covered in
Section 4.5.2.5, “ Day-specific and hour-specific point and fire inventories” [162].

For wildfires and prescribed fires emission modeling without precomputed plumerise, you
could use ORL FI RE format for both criteria and toxics inventory together. Using a master
(annual) inventory file (PTI NV) for fires described in Section 8.2.8.4, “ORL FIRE

Format” [413], SMOKE requires day-specific inventory file(s) (PTDAY) described in Sec-
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7.

tion 8.2.6.2, “Day-specific file format for fires’ [397] to provide both criteria and toxicsin-
ventoriesfor those matched sources. See moreinfomation about how-to-do at Section 4.5.18,
“Plume Rise Calculation for Fires’ [198].

Collect or create inventoriesin correct formats.

a  Listformat. Thelist formatissimply an ASCI| filethat listsall of thefilesthat you want SMOKE
toimport in asingle run.

b. IDA format. Thisformat is most appropriate for criteriainventories for point sources.

¢c. SMOKE ORL format. Thisformat is most appropriate for point toxics inventories, but also can
be used for any inventory data.

d. EMS-95format. Thisformat is most appropriate for existing data sets when the user does not
want to convert to a different format.

Set and/or check the file headers that apply for your file format.

Pleaserefer to the documentation in step (3) of the area/non-point stepsin Section 4.5.2.1, “Area/non-
point inventories’ [155].

Install inventory filesin $PTDAT directory.
Thisdirectory is $SMKDAT/ i nvent ory/ $I NVI DY poi nt

Ensure the Assignsfile has the PTI NV variable set to the PTI NV file name for your point-source in-
ventory file.

For hour-specific and day-specific data, including fire data, see Section 4.5.2.5, “Day-specific and
hour-specific point and fire inventories’ [162].

Seealso stepsfor all source categoriesin Section 4.5.2.8, “Filesand settingsfor all inventories’ [165].

4.5.2.5. Day-specific and hour-specific point and fire inventories

Point sourcesin SMOKE can include day-specific or hour-specific data. This can include fire emissions
and plume rise data. The following steps must be performed to use day-specific and/or hour-specific data
in SMOKE.

1

Determine the files that need to be created and their formats

a.  For day-specific emissionsdata, create thelist file PTDAY and one or more fileswith day-specific
emissions in the format provided in Section 8.2.6, “PTDAY: Point source day-specific emis-
sions’ [396]. The format requiresthat alist file be used to point to the actual datafiles, evenif a
single data file with emissions data is used.

b. For day-specific emissions data, the daily total should ideally be based on the same time zone
asis being modeled by SMOKE. SMOKE needs to use the same output time zone (set with the
OUTZONE setting) as is used in the meteorology data that will be input to the air quality model.
For example, if the time zone being modeled by SMOKE were GMT, then ideally the daily total
emissions would be from 0 GMT to 23 GMT for each day.

¢.  For hour-specific emissions data that is not CEM data, create the list file PTHOUR and one or
morefileswith hour-specific emissionsin the format provided in Section 8.2.7, “ PTHOUR: Point
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source hour-specific emissions’ [398]. The format requires that alist file be used to point to the
actual datafiles, even if asingle datafile with emissions dataiis used.

d. [If using CEM data, the datafiles for 1995 through 2000 are available with SMOKE. A list file
PTHOUR must be created to list the one or more CEM data files that will be input. To speed
processing, the DATERANGE setting can be used in the list file PTHOUR to cause SMOKE to
skip the datesin the CEM filesthat are not needed. When using thisformat, the annual inventory
file must be provided in IDA format, so that SMOKE can assign stack parameters and other in-
formation from the IDA file based on the ORIS ID and the Boiler IDsthat are used to match the
CEM recordsto the IDA inventory. Detail information isdescribed in Section 2.9.19, “Processing
hour-specific CEM data’ [73]

e. If using hourly precomputed plume rise (e.g., for fire data), the PTHOUR file should be created
as described above for emissions data, but specific variable names must be provided. Thealowable
dataincludes the fraction of the plumein layer 1, the plume bottom height, and the plume top
height.

f.  If using daily fireinventorieswithout precomputed plumerise, the PTDAY file should be created
as described above for emissions data and specific variables ( size of acres burned, fuel loading,
and duration of fire) must be provided for plume rise cal culation and re-normalization of tem-
poral profiles, as described in the file format documentation in Section 8.2.8.4, “ORL FIRE
Format” [413] and Section 8.2.6.2, “ Day-specific file format for fires’ [397].

g. Ifusing hourly stack exit temperature, velocity, or flow rates, the PTHOUR file should be created
asdescribed above for emissionsdata, but specific variable names must be provided, as described
in the file format documentation in Section 8.2.7, “PTHOUR: Point source hour-specific emis-
sions’ [398].

Install inventory filesin $PTDAT directory.
Thisdirectory is$SMKDAT/ i nvent or y/ $I NVI D/ poi nt

Ensure the Assigns file has the PTHOUR and PTDAY variables set to the PTHOUR and PTDAY file
names for your inventory files.

Ensure script settings will use the day-specific and hour-specific data.
a.  For day-specific dataimport and usage, set DAY_SPECI FI C_YNsetting toY.

b.  For hour-specific dataimport and usage, set HOUR_SPECI FI C_YNsetting to Y. This applies
to using either hourly emissions or hourly-precomputed plumerise.

If using hourly data, make sure the OUTZONE setting is consistent with what will be used for other
SMOKE processing steps.

The example SMOKE scripts makeit difficult to not use the same OUTZONE setting for all processing
steps. Nevertheless, the user is responsible for ensuring that the same setting is used for all SMOKE
processing steps, including import of hourly inventories. The OUTZONE setting will affect the hourly
inventory import because the hourly emissions will be adjusted by Smkinven from the local time
zones in the PTHOUR input files to the output time zone set by QUTZONE to create the PHOUR inter-
mediate file.

If using precomputed plume rise, ensure script settings will cause SMOKE to use the plume rise data.

a  Set HOUR_PLUMEDATA_YNsettingto.
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b. For UAM, REMSAD, and CAMy modeling, set:
e RUN_LAYPO NT settingtoY (this program is not usually needed for these models)
« EXPLICl T_PLUMES YNsettingtoY

For fires emission modeling with internal plume rise calculation, SMOKE compute the plumerise
datawithinternally computed heat flux from fuel loading and burned area. See detail at Section 4.5.18,
“Plume Rise Calculation for Fires’ [198]

If providing future-year hour-specific data, ensure that the dates used in the file are consistent with
the base year dates. The dates must match the dates of the meteorology data that will be used by the
air quality model.

4.5.2.6. Future-year inventories

For future-year modeling, you can choose to input future-year inventories to SMOKE. Thisis a different

approach from importing abase-year inventory and using SMOKE growth to create afuture-year inventory.
Thefuture-year inventory could be created outside of SMOKE and would need to bein one of the SMOKE
input formats available for the source categories of interest.

A future-year inventory could a so be created by SMOKE, sincethe Grwinven program can output emissions
in IDA format. In this section, we do not cover importing base year inventories and using SMOKE to grow
themto afutureyear; that topiciscoveredin Section 4.5.11, “ Use projection” [181]. Following theinstruc-
tionsin that section, it isfeasible to create afuture-year inventory in SMOKE raw input format and use it
as we describe in this section.

1

2.

4.

5.

Set the #Y EAR setting in the inventory input filesto the future inventory year.
Set the SMK_BASEYR _OVERRI DE setting in the run script to the value of the base year.

Ordinarily, this setting would simply be set to zero, which indicates that it is not to be used and the
inventory year isthe same as the base year. In this case, the base year cannot be set by the inventory
year, so this setting provides the actual year to use. The base year is most often the same year asthe
year of meteorology datayou are using to model your episode. When this setting is defined by ascript,
Smkinven will set the base year with that setting and set the future year as the year of the inventory
data.

Set the YEAR setting in the Assigns file to the base year.
Set the FYEAR setting in the run scripts to the future year.

Set the SMK_FUTURE_YN setting in the run scriptsto'Y.

See Section 4.3.4, “ Script settings’ [143] for more information about how this setting affects the output
directory structure, EF_YEAR value, and file names.

4.5.2.7. Pre-gridded inventories

SMOKE hasalimited capability to import pre-gridded data. It can import the dataif it istime-independent
and if the grid cell and pollutant names are the only attributes needed to identify the emissions. If SCC or
other attributes are available, SMOKE cannot use these directly; though in the case of SCCs, each SCC
could conceivably be tediously input as a separate dataset and modeled as a separate inventory.

If any source category is available as pre-gridded data, the following steps must be taken.
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Plan to import the data as an area source.

Only SMOKE area-source processing can use pre-gridded data, no matter that actual source category
of origin for the data. Essentially, once emissions data no longer has attributes such as SCCs, stack
information for point sources, or country/state/county codes, it all appearsto be the same type of data
to SMOKE and can be processed as an area source.

Thisisnot to say that all pre-gridded inventories can be processed correctly by SMOKE. For example,
if apre-gridded point source inventory including stack identifiers and stack parameterswere provided
with grid cell numbersinstead of lat/lon coordinates, this could not be appropriately processed by
SMOKE area processing as pre-gridded data.

If any SMOKE processing steps such as chemical speciation or temporal allocation need to be done
based on SCC, thisis not possible. Only a single default profile for speciation or temporal allocation
can be applied to each pre-gridded inventory.

Convert datato |/O APl format.

Users must convert the pre-gridded datato 1/0 API format. The format is like the AGfile that can be
output from Smkmer ge. Thisformat has each pollutant stored as a variable and is time independent.
Some sort of ASCII-to-1/0 API converter must be created and used to perform this step. At thistime,
there is no general-purpose tool to make such a conversion released with the SMOKE system.

Set the | MPORT_GRDI OAPI _YNsettingtoY.

This setting will cause Smkinven to expect the I/O API gridded input and will request the AGlogical
file name instead of the ARI NV file.

Ensure that the AGlogical file nameis set by the Assigns file or by the run script.

Thislogica file name must be set to the 1/0O API-formatted pre-gridded inventory file.

4.5.2.8. Files and settings for all inventories

For importing al inventories, the following steps should be taken to review settings and change them as
appropriate for your specific modeling case.

Assignsfile settings:

1

Change the Assigns files inventory settings.

Following the settingsin Section 4.5.1, “ Change Assigns file to set scenario names, grid names, and
other case-specific configuration information” [150], you should have created a new Assigns file for
your caseand set thel NVI D, I NVEN, and | NVOP settingsdescribedin Table 4.1, “Variablein Assigns
filefor naming filesand directories’ [152]. Sincetheinventory input directories depend onthel NVI D
setting, you should make sure that the value set for | NVI Dis consistent with the location of the in-
ventory files. For example, the ARI NV files should be installed in $SVKDAT/ i nvent or y/ $1 N-
VI DY ar ea. Make sure that $1 NVI Dlabel in the paths for the filesinstalled in prior subsectionsis
the same as the $I NVI D label in the Assignsfile that isincluded in the Assigns file you will use.

Set the ABASE, MBASE, PBASE, and EBASE settings described in Table 4.1, “Variable in Assigns
file for naming files and directories’ [152]. Thisis usually done for a new inventory, and can also be
done for new scenarios with an existing inventory.

Script settings:
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4.5.2. Use new inventory data

3. Double check that the correct Assignsfile (e.g., the one with the correct $1 NVI D setting) is used by
the run scripts for your case.

4. Setthe RAW DUP_CHECK settingtoY if you want Smkinven to give an error if any duplicate entries
are found in the inventory. See Section 6.16, “ Smkinven” [283] for more information.

5. Set the SMKI NVEN_FORMULA setting to compute one or more pollutant values from teh values of
other pollutants.

Thisis most commonly used to compute coarse particulates (PMC) from PM o and PM,, 5 using the
setting “PMC = PM10 - PM2_5".

6. Setthe WEST_HSPHERE setting to reset any positive longitude values that are intended for the
Western hemisphere to a negative value.

7. Setthe WKDAY_NORMALI ZE setting to account for the desired weekday normalization approach to
be used for hourly emissions. See Section 6.16, “ Smkinven” [283] for more information.

8. Set the SMK_NHAPEXCLUDE YN settingtoY to read the NHAPEXCL UDE file.

This setting is only relevant when importing both criteria and toxic inventories. In this case, if there
are VOCs in both inventories and the | NVTABLE has indicate which toxics are VOCs, Smkinven
will attempt to integrate VOC emissions for all sources from the criteria and toxics inventories. The
NHAPEXCLUDE file provides alist of SCCsfor which Smkinven should not integrate the inventories
and should instead drop the toxic VOC emissions to prevent double counting. Toxic emissions of
explicit model species are never dropped, however. More information is available in Section 2.9.5,
“Combine toxics and criteriainventories’ [63].

9. Setthe SMK_ARTOPNT_YN setting to'Y when Smkinven should use the ARTOPNT fileto assign
point source locations to area-source emissions.

10. SettheFl LL_ANNUAL settingto'Y to fill annual emissions values with average-day values, when
average-day values are available but annual values are not.

See Section 4.5.2.9, “Using average-day and annual datain the samerun” [166] for moreinformation
on why one might want to use this option.

4.5.2.9. Using average-day and annual data in the same run

The IDA and SMOKE ORL formats provide fields for both annual and average-day emissions values.
SMOKE will import both values when either of these formats are used and store all emissionsin the
SMOKE intermediate inventory files. To configure the Temporal allocation step, you have the option of
using the SMK_AVEDAY _ YN setting to select using either the annual or average-day data when both are
available. This option and its typical usage will be explained with the Temporal settings.

This section describes what to do when both annual data and average-day data need to be used in the same
SMOKE run. This can occur when part of an inventory has been provided using annual inventories only
(the average-day values are missing or incorrect) and a different part with average-day inventories only
(the annual values are missing). Thisis only a problem when you want to run all of the sourcesin asingle
run; so, if nonroad and stationary area sources are provided with the two different temporal resolutions,
these can just be run with separate SMOKE runs. If two parts of the stationary area source inventory are
provided with two different temporal resol utions, then this section can help to setup the modeling correctly.
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4.5.3. Select which pollutants in the inventory are kept

4.5.3.

Two approaches are availablein SMOKE to resol ve this situation. In thefirst approach, one can set SMOKE
to run using the average-day data, and in the second approach, set to usethe annual data. Theselistsdescribe
these two approaches:

Run all sources using “annual” data

1. SettheFl LL_ANNUAL setting toY. Thiswill cause the missing annual datato be filled in with the
available average-day data by multiplying the number of daysin the year, accounting for leap years.

2. Ensurethat the monthly temporal profile assignments made by the ATREF, MTREF, or PTREF files
assign uniform monthly profilesto any all sourcesthat have the annual numbersfilled in with seasonal
values.

3. Duringtemporal processing, set SMK_AVEDAY_YNto N. Thiswill ensurethat both the annual values
that were available in the inventory and the annual values that were computed will be used by the
Temporal program. Since the monthly temporal profilesfor thefilled-in annual emissions have been
set to uniform, the average-day values will be calculated from the filled-in annual values.

Run all sources using average-day data

1. SettheFl LL_ANNUAL setting to N. By default, Smkinven computes an average-day value when
noneis provided by dividing the annual value by the number of daysin the year, accounting for leap
years.

2. During temporal processing, set SMK_AVEDAY_YNtoY. Thiswill ensure that both the average-day
values that were available in the inventory and the average-day values that were computed will be
used by the Temporal program.

3. Notethat no monthly profiles are applied to average-day emissions, so if monthly variation is needed,
it will need to be calculated outside of SMOKE. In this case, it might be easier to run all sources as
annual, as described above.

Select which pollutants in the inventory are kept

Users have the option of deciding at run time which inventory pollutants will be kept from an inventory
provided in SMOKE ORL format. Asexplained in Section 4.5.2.1, “Area/non-point inventories’ [155], the
IDA #DATA or #POLID header provide alimited option for preventing pollutants from being imported.
For SMOKE ORL or EMS-95 format, thel NVTABLE file provides adifferent mechanism. Thel NVTABLE
filelistsal possible criteria and toxic pollutants. While the example files are fairly comprehensive, it is
possible users may need to add pollutants to thisfile using the | NVTABLE file format description. Addi-
tionally, users can change which pollutants are kept for further processing in SMOKE. Thisis done by
setting the Keep column of thefiletoY for al pollutants that SMOKE should keep. The | NVTABLE file
does not affect which pollutants are kept from IDA files; all pollutantsin these files must have the Keep
column setto.

Both the run time and intermediate file sizes can be reduced by keeping only the pollutants that you need
to include for modeling purposes. In the bulleted list below, we provide several examples of why a user
might want to change which pollutants are kept.

* You want to model additional REM SAD toxics hot set up in the example configuration (e.g., atrazine,
dioxin).

* Youwant to import ROG emissions instead of VOC emissions from a criteriainventory.

* You want to import only mercury for CMAQ modeling and drop al other toxic pollutants.
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e You want to add atracer to the inventory and need SMOKE to output the tracer emissions to the
model-ready file.

4.5.4. Set fallback stack paramaters

4.5.5.

The Smkinven program allowsyou to fill in stack parameters for sources that do not have any. The details
of how thisis done are described in Section 2.9.9, “Fill in and check point-source stack parameters’ [69].
To change the defaults, the PSTK input file to Smkinven must be edited to use different stack parameters
and/or include different state/county and SCC codes.

To discover what if any default stack parameters are being used for your SMOKE processing, review the
Smkinven log file, which will contain warnings about all stack parametersthat were filled in and changed
from the inventory values.

Changing output and intermediate directory names

Asdescribed in Chapter 3, SMVOKE Directories and Example Data [113] and also Table 4.1, “Variablein
Assignsfile for naming files and directories’ [152], the output and intermediate directory names are based
on user-defined environment variables. Thefollowing list providesachecklist for all of the possible changes
that you might make and where to find more information on how changes would affect your output and
intermediate directories. Make sure that the scriptsthat you are using to run SMOKE use the same Assigns
file in which you are making the changes described in this list.

1. Setthel NVENsettingintheAssignsfileto thelabd to usein the output inventory path ($SMKDAT/ i n-
vent ory/ $| NVEN).

2. Decide whether you want to use the same setting or different settings for ABASE, MBASE, PBASE,
and EBASE in the Assignsfile.

If these are the same, the directory structure will bethe“basic” configuration, and if these are different,
the structure will be the “advanced” configuration; both configurations are described in Chapter 3,
SMOKE Directories and Example Data [113].

a.  Set the ABASE setting to change the paths for stationary area and nonroad mobile source inter-
mediate and output files.

b.  Set the MBASE setting to change the paths for on-road mobile source intermediate and output
files.

c. Set the PBASE setting to change the paths for point source intermediate and outpuit files.

d. Set the EBASE setting to change the path for the final merged model-ready emissions from all
source categories. Thiswill also set the output path for QA reports of anthropogenic sources.
See Chapter 3, SVIOKE Directories and Example Data [113] for specifics.

3. Set the BBASE setting in the Assignsfile to select using BELD2 or BELD3 data. See Section 4.5.15,
“Use BEIS2” [195] and Section 4.5.16, “Use BEIS3” [196].

4. Set the SPC setting in the Assigns file to change the output paths for all source categories.

Asdescribed in Chapter 3, SMIOKE Directories and Example Data [113], the OUTPUT directory is
based in part on this SPC setting. This setting must be coordinated with the selection of the chemical
speciation mechanism (see Section 4.5.10, “ Use adifferent speciation mechanism or change speciation
inputs’ [176]).

168



4.5.6. Change which programs are run

5. For future year modeling, the output paths will be changed automatically.

Asdescribed in Chapter 3, SMIOKE Directories and Example Data [113], the FYEAR, CNTL CASE,
SMK_FUTURE_ YN, and SMK_CONTRCL _ YN script settings can have animpact on the output directory
paths. When either SMK_FUTURE_YNor SMK_CONTROL_ YN are set to'Y, the output path will be
changed as described in Chapter 3, SMIOKE Directories and Example Data [113] for the growth and
control case configuration.

4.5.6. Change which programs are run

The example SMOKE scripts each have several RUN_<Pr ogr an® settings, where the program names
fill inthe<Pr ogr an® placeholder. For example, the RUN_<Pr ogr an® setting that controlsthe Smkinven
program is RUN_SMKI NVEN. In the scripts, each RUN_<Pr ogr an® setting can be set to either Y for
“yes’ and N for “no”. When aRUN_<Pr ogr an® setting is set to'Y, the script will try to run the program
associated with the RUN_<Pr ogr an® setting. For example, when RUN_SMKI NVENissettoY in the
script, running the script will cause the Smkinven program to run.

Table 4.3, “List of RUN_<Pr ogr an® settings and situationsto set toY” [170] isthe full list of
RUN_<Pr ogr am settings available and the situations in which each needs to be run.
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Table 4.3. List of RUN_<Pr ogr an® settings and situations to settoY

Setting Reasonsto set to'Y to run program

RUN_SMKI NVEN | Import raw inventory data and create SMOKE intermediate inventory file for area,
nonroad mobile, on-road mobile, or point sources

RUN_SPCVAT Compute speciation factors and create speciation matrix for area, nonroad mobile,
on-road mobile, point sources.

RUN_CGRDVAT Compute gridding factors and create gridding matrix for area, nonroad mobile, on-
road mobile, or point sources. Create ungridding matrix for on-road mobile sources.

RUN_CNTLMAT  |Compute growth factors and create growth matrix for area, nonroad mobile, on-road
mobhile, or point sources. Compute control factors and create multiplicative control
and/or reactivity control matricesfor area, nonroad mobile, on-road mobile, or point
SOurces.

RUN_GRW NVEN | Calculate grown and/or controlled inventory and create SMOK E intermediate invent-
ory filesfor area, nonroad mobile, on-road mobile, or point sources. Required when
using SMOKE to create future-year inventories.

RUN_MBSETUP  |Prepare for on-road mobile processing for MOBILES.

RUN_PREMOBL Preprocess hourly, gridded meteorology data for use with MOBILES for on-road
mobile sources.

RUN_EM SFAC |Calculate on-road mobile emission factors using MOBILESG.

RUN_TEMPORAL |Calculate hourly emissions and create intermediate hourly emissions file for area,

nonroad mobile, on-road mobile, or point sources.

RUN_ELEVPO NT

Select elevated and PinG point sources.

RUN_LAYPO NT

Calculate plumerisefor CMAQ or MAQSIP for any point sources. Calculate plume
risefor UAM, REMSAD, or CAMy for explicit plume-rise sources (i.e., those sources
with precomputed plumerise).

RUN_SMKVERGE

Create 3-d model-ready emissionsfor point sources or all source categoriestogether
for CMAQ or MAQSIP. Create 2-d gridded, hourly, speciated emissions for area
sources, nonroad mobile sources, on-road mobile sources, point sources, and/or all
sourcescombinedin I/O API format. Convert units of biogenic outputsfrom Tmpbio
from moles/hr to moles/s for CMAQ. Create ASCII elevated point source file for
UAM, REMSAD, or CAMy.

RUN_SMK2EM S

Convert 2-d merged 1/0 API file with all low-level emissions from Smkmergeto
binary input format for UAM, REMSAD, or CAMy.

RUN_SMKREPORT

Create default and/or custom reports of processed emissions.

RUN_RAVBI O

Import gridded or county landuse for usein creating BEIS2 emissions.

RUN_TMPBI O

Calculate BEIS2 emissionsin gridded, hourly, speciated 1/0 API format.

RUN_NORMBE! S3

Import gridded BEL D3 landuse for use in creating BEIS3 emissions.

RUN_TMPBEI S3

Calculate BEIS3 emissions in gridded, hourly, speciated 1/0 API format.

4.5.7. Set up country codes, state codes, or county codes

By default, SMOKE is setup to use the country, state, and county codes based on aU.S. view. The codes
assume a 3-tier system of codes as described in Section 2.3.4, “ Country, state, and county codes” [18].
Thethreetiers allow specification of regions as follows:

» Onedigit for country code
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4.5.8. Set up list of known SCCsand ORIS IDs

4.5.8.

« Two digitsfor state codes
* Threedigitsfor county codes

All codes provided in the emission inventories must be integers and must match entriesin the COSTCY
file, which isthe master list of country, state, and county codes in any given SMOKE installation. The
format for thisfile can be found in Chapter 8, SMOKE Input Files[365]. By default, the codes are shared
by al scenariosinstalled in the same SMOKE system (using different COSTCY files requires changing the
Assigns file to not share the same COSTCY file among all cases).

The codes in the inventory must match the codesin this file. SMOKE assigns time zones, daylight saving
time exemptions, state names, and county names using thisfile. Therefore, if one of the countiesin the
inventory does not match avalid country, state, and county code in the COSTCY file, it can cause errors
in the modeling.

The following list provides the steps that users should take to ensure that the file will work for their mod-
eling case:

1. Check whether the countries with data in the inventory are included in the /COUNTRY/ section of
the COSTCY file.

2. Change country codes and names if necessary within the limitation of 10 countries per file. If the
country codes change, the country-specific SMOKE temporal profile assignments made by ATREF,
MTIREF, and PTREF may no longer be valid.

3. Check whether the states with datain the inventory are included in the /STATE/ section of the
COSTCY file.

4. Change or add state codes and names if necessary to ensure al states are listed for al countries.

5. Check whether the counties with datain the inventory are included in the /COUNTY/ section of the
COSTCY fileand that all counties have assigned time zones.

Smkinven will perform this function for you if needed and will list in the Smkinven log file al
counties that are not included in the COSTCY file or that do not have time zones assigned. If county
codes have changed for merged or separated counties (e.g., Miami/Dade county in Florida).

6. Changeor add county codesand namesif necessary to ensureall countiesareincluded in theinventory
for all states and countries and that time zones have been assigned to each.

Set up list of known SCCs and ORIS IDs

The descriptions of the SCCs and ORIS IDsin SMOKE can be updated easily by modifying or adding to
the files that contain these codes. The SCC descriptions are used in Smkreport output reports, and the
ORISID descriptions are used in Smkinven reports when using CEM data. Updating the files descriptions
or valid codesis simply a matter of editing the ASCII files that contain these codes. The logical file name
for the SCC description file is SCCDESC, and that for the ORIS ID description is ORI SDESC. Example
SCCDESC and ORI SDESCfiles arein the $GE_DAT directory and described in Section 3.4, “Test case
datafiles’ [132].
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4.5.9. Use anew modeling grid or change spatia inputs
(anthropogenic and biogenic)

4.5.9. Use a new modeling grid or change spatial inputs
(anthropogenic and biogenic)

Using anew modeling grid and/or changing the spatial inputs requires anumber of changesto the Assigns
file, scripts, and input files. In this section, we first describe how to set up for a different modeling grid
and then how to install new inputs for that grid or change the spatial inputs for the existing grid.

4.5.9.1. Set up for a different modeling grid

The following steps are needed to set up for a different modeling grid.

1

4,

5.

Insert or find the grid parametersin the GRI DDESC file

The GRI DDESC file contains many grid descriptions and grid projections. Each grid description is
defined by a 16-character (or less) name. Chapter 8, SMOKE Input Files[365] containsthefileformat.
If the grid you want is already in the file, note its name.

If the grid you want is not in the file, use the format in Chapter 8, SMOKE Input Files [365] to insert
or modify agrid description for the new grid. The grid cells must align with the cells of the cross-grid
meteorology datafiles that will be used for modeling biogenic emissions and possibly for point and
on-road mobile sources.

Change the GRI Dvariable in the Assignsfile to anew grid name

As described in Section Section 4.5.1, “Change Assigns file to set scenario names, grid names, and
other case-specific configuration information” [150], change the GRI D environment variableto aname
that will be used to name output and intermediate files. This name should be coordinated with the
selection made in step 3. Since the GRI D variableis used in naming files, it is helpful to use aname
that is easily distinguished from other grid names that you might use, but not so long asto add alot
of characters to the name of each file that includes the GRI D variablein its name. Usually a name of
4 or 5 charactersis sufficient.

Changing the GRI D setting is a good reason to create a new Assignsfile. To do this, you can copy
an existing Assigns file as described in Section 4.5, “How to use SMOKE” [149].

Changethe | OAPI _CGRI DNAME_1 variable in the Assigns file to the name of the grid entered or
found in step 1.

Asnoted in step 2, the name sel ected should have some relationship to the GRI D environment variable.
For example, if thel QAPI _GRI DNAME_1 setting is*US36_120X90", the GRI D setting might be
“us36”.

Update the run scripts to use the Assigns file for the new grid.

Follow the remaining stepsin the next subsection.

4.5.9.2. Installing or changing spatial input files

The following steps are needed to install or change the spatial input files.

1

2.

Update or install the grid description in the GRI DDESCfile, if not done previously (see step 1 in the
previous subsection).

Create and install the spatial surrogates file and surrogate description file SRGDESC
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The Area and Mabile spatial surrogates files located in SRGPRO_PATH and the BGPRO are one of
the most difficult inputsto create for SMOKE. The gridded datain the files must match the definition
inthe GRI DDESCand SRGDESCfilesfor thegrid selected using the | OAPI _GRI DNAME_1 variable.

The best approach to creating thisfileisto obtain it from someone else who has created surrogates
for your domain. For example, EPA has created 4-km national spatial surrogates available at ht-
tp://www.epa.gov/ttn/chief/emch/spatial/newsurrogate.html. Of course, using a national file hasits
limitationsif your domain happensto be far away from the center of the U.S. since the map projection
for the surrogates is more distorted further away from the center of the projection. However, for most
users, this distortion will be asmall price to pay for having readily available spatia surrogates.

The second best approach to creating thisfile isto use the MIMS Spatial Allocator (MSA). Thistool
can create SMOKE-ready surrogates using GI S shape files, which are provided with the tool for 15
surrogates. Please refer to the web site http://www.epa.gov/asmdnerl/mims/software/spatial_all ocat-
or.html for more information.

A third approach to creating thisfile it to perform the same calculations done by the MSA using a
GISlikeArclnfo. The calculations being done by the MSA are provided on the MSA website and
could be implemented in a GI S, though this would probably be much too difficult an option for most
users.

The surrogate file does not need to have the same outer boundaries as your modeling grid, but the
grid cells do need to align with the grid cells of the surrogate file. This means that the projection of
the surrogates must be the same as the projection as the modeling grid and the cell sizes must also
match. SMOKE will produce an error if thereis an inconsistency. If the grid represented by the sur-
rogatesfileislarger than the modeling grid and the cells align, SMOKE will automatically extract
the grid cells for the modeling domain from the larger grid provided by the surrogates.

In addition to the surrogate file, it isimportant to create a surrogate description file (SRGDESC). This
issimply afilethat lists the surrogate codes and their descriptions. Since the surrogate file itself does
not currently have descriptive text that indicate what the surrogate codes mean, the surrogate description
fileisthe only way users have of knowing to what data the codes in the surrogate file refer.

The same surrogate file can be used for Area and Mobile. Thisis accomplished by using the same
physical file namein the SRGDESC. Please see Chapter 8, SMOKE Input Files[365] for moreinform-
ation on these files. The BGPROfile must include the “ county area’ spatial surrogate, and is used for
estimating county-total emissions from gridded emissions.

The Areaand Mobile spatial surrogate file(s) should be installed as a sub-directory in the $GE_DAT
directory. This sub-directory is assigned to SRGPRO_PATH. The surrogate description file should be
stored in $GE_DAT aswell. It is useful to include the name of the GRI D in the name of the sub-dir-
ectory SRGPRO_PATH for you may in the future be modeling different grids and therefore needing

different surrogate files. The Biogenic surrogate file BGPRO should be located in $GE_DAT.

Create and install the spatial cross-reference file

An example spatial cross-reference file (AGREF and MGREF) is provided with SMOKE that can be
used for most inventories as long as the spatial surrogate codes in the new surrogate file match the
codes in the exampl e surrogate file, which are provided in the SRGDESC file described in Chapter 3,
SMOKE Directories and Example Data [113]. If the codes match then the only concern will be
whether the surrogate assignments are acceptable. By default, the samefileisused for both the AGREF
and MGREF files, which is accomplished by using the same physical file namein the Assigns file for
both logical file names. The files can be the same file or two different files, at the discretion of the
user - usually one fileis more convenient unless different default settings (SCC=0) are needed, or
unless the data all already available as two separate files.
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When Smkinven imports an area, non-road mobile, or on-road mobileinventory, alist of SCCsis
created (logical file name ASCC, NSCC, or M5SCC). After importing the data but before running spatial
alocation, it iswise to examine the list of SCCsincluded in thisfile and compare it with thelistin
the example spatia cross-reference files. This comparison can be accomplished manually or using
the Smkreport program with areport that includes the surrogate codes assigned to each SCC (see
Chapter 7, SMOKE Quality Assurance [327]). The Smkreport resultswill list al of the surrogate as-
signments by SCC and the emissions associated with each, with which users may evaluate if any
SCCswereincluded in the inventory but not in the example SMOKE file. The example spatial cross-
reference files (AGREF and MGREF) can be updated with any new assignments or to include SCCs
that arein the user’s inventory but not in the example files.

If anew surrogates file uses surrogate codes that are different from the example codes, then new
spatia surrogate cross-reference files need to be created. These can be created by copying and editing
the existing files to replace the exampl e surrogate codes with the new codes. For example, the current
codefor populationis 100. If the new code for population is 400, then all of the* 100" surrogate codes
inthefilewould need to bereplaced with “ 400" s. These replacements must be made carefully because
the example file also uses “400” for the rural land area surrogate, so if global search and replaceis
performed, one must be careful to change what oneintendsto change. It ismuch easier to simply use
the codes that are already in use in any new surrogates file, or modify the surrogate file to use those
codes.

The spatial cross-referencefile(s) should beinstalled inthe $GE_DAT directory, sincethefileislikely
to be shared by many SMOKE runs and source categories. It is useful to name the file(s) to include
the GRI D environment variable for easier identification as association with the surrogate file(s) with
which it works.

Create and install the biogenic gridded land use data

You must create a gridded biogenic land use data (BGUSE for BEIS2 or BELD3_A, BELD3_B, and
BELD3_TOT for BEIS3) to use for your grid. The MSA described in step 2 is able to create these
files using the BEL D3 database. Please refer to step 2 for the web address of thistool. The outputs
of the MSA can be used for BEIS3 modeling directory, or you can use the Beld3to2 utility to convert
the data for input to SMOKE/BEIS2.

The gridded land use datain the file must match the definition in the GRI DDESC file for the grid se-
lected using the| OAPI _GRI DNAME_1 variable. Aswith the spatial surrogates, the grid can belarger
than the modeling grid, but it the cells must overlay exactly with the grid cells of the actual modeling
grid, which includes the grid projection and cell sizes.

A national 36-km gridded datasetsin SMOK E-ready input format areincluded inthe SMOKE install-
ation for BELD2 and BELD3 data ($SMKDAT/ i nvent or y/ bel d2 and $SMKDAT/ i nvent -
ory/ bel d3). If your grid aligns with the national grid, then these datasets can be used for your
modeling case.

Thegridded biogenic land usefilg(s) should beinstalled in either the $SSMKDAT/ | nvent or y/ bel d2
directory for BEIS2 modeling or the $SVKDAT/ i nvent or y/ bel d3 directory for BEIS3 modeling.

Create and install the meteorology files.

Meteorology files are anecessary input to the air quality model; therefore, the same meteorol ogy files
that will be used for the air quality modeling can be used for input to SMOKE. The MCIP program
(aCMAQ preprocessor) can be used to convert thefilesfrom MM5 output format to the I/O API input
format for SMOKE and CMAQ. Other user-created programs can be used as well aslong asthe
variable names and file arrangements are consistent with what SM OKE expects. Chapter 8, SMOKE
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Input Files [365] explains the details on the meteorology files that SMOK E expects and the variables
that must be included in these files.

The meteorology files must be consistent with the grid selected. Like the surrogatefile, the meteorology
grid can be larger than the SMOKE modeling grid, but the grid cells must align. This includes the
cell sizes being the same and the projection being the same. If thisisthe case, the SMOKE programs
that use the meteorology files (Premabl, Temporal, Laypoint, Tmpbio, and Tmpbeis3) will extract
the meteorology data from the region of the files that intersects with the modeling grid.

Optionally create the Bl OSEASONfile

If you are modeling biogenic emissionswith SMOKE for an episode and grid that covers both winter
and summer seasons, then the best modeling approach is to create a Bl CSEASON file from the met-
eorology datafor input to Tmpbio or Tmpbeis3. Thisfile indicates which grid cells and days are
during “winter” and which are during “summer”, to allow Tmpbio or Tmpbeis3 to apply the winter
or summer emission factor for the correct cells and days. Summer is defined for biogenic modeling
in the Northern Hemisphere as the period after the last freeze and before the first freeze in each grid
cell. Thisfilemay not apply to some episodes or regionswhich do not experience freezing temperatures,
and in those cases, users may run Tmpbio or Tmpbeis3 without thisfile.

Set the fallback surrogate in the run scripts for area/non-point, nonroad mobile, and on-road mobile
SOurces.

All scriptsfor source categoriesthat use spatial surrogates have aGrdmat setting SMK_DEFAULT _SR-
G Dthat isused to set afallback surrogate code. The fallback surrogate codeis explained in Chapter 6,
SMOKE Core Programs[225] withthe Grdmat program. It prevents emissionsfrom being zeroed out
when there is no surrogate of the assigned type for a source. The fallback surrogate should therefore
be a surrogate that is never zero for a county, such as population. Only one fallback surrogate can be
set for al sourcesinagivenrun. The SMK_DEFAULT _SRA D setting should be reset if the surrogate
codes change (e.g., the default setting of 8 is not population) or if you want to change the fallback
surrogate to a different one.

Update Assigns fileto use al new files.

Update the Assigns file that you are using for this case to include al new files that you have created
in this step:

* BGPRO

*  AGREF, MGREF

» SRGDESC

« SRGPRO_PATH

« BGUSE

« BELD3_A BELD3_B, BELD3_TOT

* BI GSEASON

Check that the inventory files cover the region of the grid.

When using anew grid, it isimportant to use an inventory that coversthe states and countiesincluded
in your domain. There are two ways of checking that thisis the case. First, obtain a map of your
modeling domain prior to creating your inventory and note the states that are included wholly or in

175



4.5.10. Use adifferent speciation mechanism or change
Speciation inputs

part in the domain. Before modeling, create, adapt, or amend your inventory to ensure that the invent-
ories from each of those states are included.

The second way that you can check that you are using data for al regions of the domain isto run the
data through SMOKE and look at the resulting gridded emissionsin PAVE. Using PAVE, reset the
scale of the plot to avery small maximum value (e.g., 0.001). All areas of the domain with emissions
should show up red. If any areas show up gray, then there are missing values that could be because
theinventory is not complete.

4.5.10. Use a different speciation mechanism or change
speciation inputs

A common change to the SMOKE configuration is to select a speciation approach for an air quality model

and chemical mechanism. In Chapter 4, Using SMOKE Scripts [139], we noted that many speciation files
are available for download from EPA. In this section, we describe how to use the SPCvaueinthe Assigns
fileto select these.

4.5.10.1. Choosing from default mechanisms

SMOKE provides several chemical mechanisms that one can select for modeling. In the default SMOKE
configuration, only afew small changes are necessary to the Assigns file and script to use a different
chemical mechanism.

1.

Set the SPC setting in the Assignsfile.

The SPC setting in the Assigns file controls which chemical mechanism is used by the scripts and
SMOKE programs. Depending on what source categories you are modeling, the air quality model
that you are using, and the chemical mechanism for that air quality model, choose the correct setting
from SPC from Table 4.4, “Valid SPC settings” [177]. Use the descriptions bel ow the table to decide
if the SPC setting will work for your case. See the default data files described in Chapter 4, Using
SMOKE Scripts[139] for the actual file names that will be used for each source category. Where dif-
ferent files are needed for different source categories, the Assigns file will automatically detect this
and set the GSPRO and GSREF files accordingly.

176



4.5.10. Use adifferent speciation mechanism or change

Speciation inputs

Table 4.4. Valid SPC settings

2o
AERE
2 |E|E
—_ e o]
o @ I}
Air Quality 32|22 |2
SPC Setting (chemical mechanism) |  Models | Inventories |& (8 |2 |2 [§ |8
cmag.cb4p25 CMAQ criteria X [ X |[X | X [X |X
(CB4 with PM,, 5 speciation) MAQSIP*
UAM*
CAMy*
cmag.cb4p25 wtox CMAQ criteria X [ X |[X | X [X |X
(CB4 with PM,, 5 speciation, but inputs| MAQSIP*  |toxics
can include VOC toxics) UAM*
CAM*
cmag.cb4tx1p25 CMAQ criteria X [ X |[X X [X |X
(CB4 toxics version 1, with PM, 5 spe- toxics
ciation)
cmag.radm2p25 CMAQ criteria X [ X |[X X [X |X
(RADM2 with PM, 5 speciation)
cmag.saprc99pm CMAQ criteria X [ X |[X | X [X |X
(SAPRC99 with PM,, 5 speciation)
magsip.radm2pm MAQSIP criteria X X |[X (X |X |X
remsad.ch4mpm REMSAD v6 |criteria X X [X (X | X |X
remsad7.cb4mpm REMSAD v7 |criteria X [ X |[X X [X |X
toxics
*Does not work for SO,, NHg, PM, 5, and PM 4 for this model and/or mechanism. These pollutants
must not be included in the inventory when using this speciation setting for these models.

e cmag.cbh4p25:

e Usefor CMAQ, MAQSIP, UAM, and CAMy for Carbon Bond 4 only (when Keep = N for

al PM pollutantsin | NVTABLE file or inventory does not include PM pollutants)

e Usefor CMAQ for Carbon Bond 4 VOC speciation and PM, 5 speciation (no mercury)

e Usefor BEIS2 and BEIS3 modeling for all modelsfor CB4

e cmag.cb4p25 wtox:

e Usefor CMAQ for CB4 and PM, and for MAQSIP, UAM, and CAMy for CB4 only

¢ Modeling with both criteriaand toxicsinventoriesfor the standard CB4 chemical mechanism.
The on-road mobile GSPROfile is different from that of the other source categories.

« Usefor BEIS2 and BEIS3 modeling for all models for CB4.

e cmag.ch4tx1p25:
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¢ Usefor CMAQ modeling only with both criteria and toxics inventories for the “toxics-CB4
version 1" chemical mechanism. This works for all source categories, including BEIS2 and
BEIS3 modeling. The GSPRO and GSREF files are different for on-road mobile sources, and
the GSREF fileis different for the point sources.

e cmag.radm2p25:

e Usefor CMAQ with RADM2 chemical mechanism, with or without PM emissions. Thisworks
for all source categories, including BEIS2 and BEIS3 modeling.

e Ccmag.saprc99pm:

¢ Usefor CMAQ with SAPRC 99 chemical mechanism. Thisworks for all source categories,
including BEIS2 and BEIS3 moddling. The GSPROfileisdifferent for on-road mobile sources.

*  magsip.radm2pm:

¢ Usefor MAQSIP with RADM2 chemical mechanism, with or without PM emissions. This
works for al source categories, including BEIS2 and BEIS3 modeling.

e remsad.chb4mpm;

¢ Usefor REMSAD version 6 with micro-CB4 and PM emissions. Thisworks for all source
categories, including BEIS2 and BEIS3 modeling.

* remsad7.cb4mpm:

e Usefor REMSAD version 7 for micro-CB4 and speciated PM, 5 emissions. Use also for
mercury and cadmium modeling. This works for all source categories, including BEIS2 and
BEIS3 modeling.

2. Determine whether VOC-to-TOG or ROG-to-TOG is needed and set script accordingly.

If your inventory contains the pollutant VOC or ROG and you are modeling for CMAQ, MAQSIP,
UAM, or CAMy, then you will need to use SMOKE's GSCNV file to convert theVOC or ROG mass
to TOG mass.

The SMOKE Spcmat program will use the GSCNV file if the POLLUTANT _CONVERSI ON setting
inthe script isY. Thisis the default configuration for the CMAQ run scripts.

If you are using one of the REMSAD models or if your inventory contains TOG, then the POLLUT-
ANT_CONVERSI ON setting in the run script should be set to N.

3. Ensurethat theinventory pollutantsthat need speciation match theinventory pollutantsin the speciation
profiles and cross-reference files.

All of the pollutantsin your inventory that you wish to include in the outputs must have valid profiles
in the GSPRO and GSREF files. If the pollutant is left out of the GSREF file, the pollutant will be
dropped from modeling (in some cases, thisisdesirable, but awarning will be generated by Spcmat).
For each pollutant in your inventory check that:

a.  The pollutant has one or more entries in the GSREF file. In some cases, you may have to add
entries. For example, not all GSREF files have “ROG” entries, but these can easily be added
simply by copying the VOC assignments and changing the VOC label to ROG.
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4.

b. For CMAQ, UAM, and CAMy and the pollutant isVOC or ROG, check that the TOG profiles
are in the GSPROfile.

¢c. For REMSAD and the pollutant isVOC, check that the VOC profiles are in the GSPROfile.
d. For al models and al other pollutants, check that the profiles are included in the GSPROfile.

Ensure that the correct Assigns fileis used in your run scripts.

4.5.10.2. Setup of new mechanism or changing an existing mechanism

1

Create and install the GSPROfile.

If only afew changes will be made to a GSPROfile (like adding some more toxic species for REM-
SAD), you can simply copy an existing GSPROfileto anew file. If more extensive changes are needed
to create a new mechanism, currently, thereis no utility for creating a GSPROfile in SMOKE. For
now, users must usethefileformat in Chapter 8, SVIOKE Input Files[365] and ahigh degree of expertise
to develop new GSPROfiles.

Install the GSPROfileinthe $GE_DAT directory. For the default GSPROfile for that chemical
mechanism (i.e., the one that appliesto the most source categories), namethefilegspr 0. $SPC. t xt .
If your speciation profile is specific to a certain source category, name the GSPROfile as follows:

e arealnon-road mobile: gspr 0. $SPC. a. t xt
» on-road mobile: gspr 0. $SPC. m t xt

e point: gspro. $SPC. p. t xt

Create and install the GSREF file.

You may be ableto simply copy a GSREF file to anew name, depending on whether the profile codes
are different for your new mechanism. In many cases, the same profile codes are used (e.g., from the
SPECIATE database), but the profiles themselves are all that have changed.

If you need to create a new GSREF from scratch, you will need to ensure that all of the SCCsand all
of the pollutants in the inventory have profile assignments. Any pollutant in the inventory that is not
included in the GSREF file will be dropped from modeling. Any SCC that is not included will be as-
signed the default profile, which is the profile assigned to SCC = 0.

Namethe GSREF fileusing asimilar approach asfor the GSPROfile, but usethe“gsref” prefix instead
of the“gspro” prefix. Therefore, the default file for that chemical mechanism (the one that appliesto
the most source categories) should be named gsr ef . $SPC. t xt . Any source-category-specific
files should use the names as follows:

» arealnon-road mobile: gsr ef . $SPC. a. t xt

» on-road mobile: gsr ef . $SPC. m t xt

» point: gsref. $SPC. p. t xt

Create the pollutant-to-pollutant conversion file, if necessary.

If the speciation profiles change or new profiles are added for VOC speciation, a GSCNV file must
be created accordingly. This can be accomplished by copying and editing the example GSCNV file or
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creating anew GSCNV file from scratch. This requires a high degree of expertise and must be closely
coordinated with creating the GSPROfile.

Edit thel NVTABLE file.

Particularly for toxics modeling, changes to the GSPROfile must be coordinated with changes to the
I NVTABLE file in the following ways:

« |f the definition of NONHAPVOC changes, the | NVTABLE definition of NONHAPVYOC must
change as well.

» If thereare new explicit model species, these must beidentified in the | NVTABLE file.

« If therearenew model speciesthat are not part of the chemical mechanism, these must beidentified
inthe | NVTABLE file.

* If there are new pollutants, these must be included in the | NVTABLE file (aswell astheraw in-
ventories, of course).

Coordinate with MOBILESG inputs.

When processing using on-road mobile emissions and SMOKE running MOBILE6, the MOBILE6
inputs determine which on-road mobile emissions are included. Thislist is set by the MEPROCfile as
well asthe MOBILES input files. These SMOKE inputs need to be coordinated so that the pollutants
expected by the chemical mechanism are al created by SMOKE/MOBILES. This requires that the
MEPROCfile have al pollutant/process combinationsfor the required pollutants and that the MOBILE6
inputs are configured to generate emissions for those pollutants. The MEPROC file is documented in
Chapter 8, SMOKE Input Files[365]. The MOBIL E6 inputs are documented in the MOBILE6 manual,
and thelimitations placed on these filesby SMOKE are documented in Section 4.5.12, “Use MOBILE6
for on-road mobile sources’ [185].

Edit the Assigns file and scripts

Make sureto change the SPCvariablein your Assignsfileto the onefor your new chemical mechanism.
Also make sure that your run scripts use the Assigns file with the correct SPC setting.

4.5.10.3. Changing speciation assignments

Speciation assignments can be changed so that different speciation profiles are used for certain SCCs and
pollutants or to add SCCs and pollutants. You will need to ensurethat all of the SCCsand all of the pollutants
intheinventory have profile assignments. Any pollutant in the inventory that is not included in the GSREF
file will be dropped from modeling. Any SCC that is not included will be assigned the default profile,
which isthe profile assigned to SCC = 0.

1

Adding entries to an existing cross-referencefile.

Edit an existing cross-reference file or copy it to anew file for editing. Insert the new speciation as-
signments based on the format of the file, described in Chapter 8, SMOKE Input Files[365].

Create new speciation cross-reference file(s) for your case.

Copy the speciation cross-reference (GSREF) file for the chemical mechanism that you are using (or
a chemica mechanism that is most similar to the one you have created). Edit the speciation profile
assignments using the file format, described in Chapter 8, SMOKE Input Files [365]. The naming
convention for the new file must be consistent with the convention described in the previous subsection.
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Change the pollutant-to-pollutant conversion file.

If different SCCs get different profiles, then the GSCNV file must be changed as well. The VOC-to-
TOG factor in the GSCNV depends on the profile that has been assigned to an SCC. So, the factor
must be consistent with the profile assigned. Cal culating the VOC-to-TOG factor requires some ex-
pertise, and thisis outside the scope of thismanual. However, if you change an SCC to use an existing
profile, you can determine the correct VOC-to-TOG factor by first finding another SCC that uses that
profile and then setting the VOC-to-TOG factor to be the same as the one for that other SCC.

If any new files are created, ensure that the Assigns file uses all new files.

Make sure that the SPC setting in the Assignsis correct and that the Assigns file will set the GSPRO,
GSREF, and GSCNV files so that any new files will be used by the programs.

4.5.10.4. Changing the definition of NONHAPVOC or NONHAPTOG

The definition of NONHAPVYOC and NONHAPTOG simply must be consistent between the GSPROfile
and the | NVTABLE file. This change applies only to chemical mechanisms that use VOC model species
and can therefore benefit from the integration of toxics and criteriaVOC. Thisincludes all models that
SMOKE supports except REMSAD.

1

Edit the| NVTABLE file.

You can add pollutants and change their NONHAPVOC status using the | NVTABLE file format
provided in Chapter 8, SMOKE Input Files[365].

Create new speciation profiles.

The speciation profiles must use the same definition of NONHAPVOC or NONHAPTOG. The
header of the file must be updated to reflect the new definitions. The profilesfor NONHAPVOC and
NONHAPTOG must also be updated to be consistent. Finally, all other TOG profiles must be updated
to be consistent with the definition.

Coordinate with MOBILES inputs.

When processing using on-road mobile emissions and SMOKE running MOBILE6, the MOBILE6
inputs determine which toxic VOC on-road mobile emissions are included. Thislist is set by the
MEPROCfile aswell asthe MOBILEG input files. The SMOKE inputs need to be coordinated so that
thetoxic VOCsinthe NONHAPVOC definition are all created by SMOKE/MOBILES. Thisrequires
that the MEPROCfile haveall pollutant/process combinationsfor the toxic VOCs and that the MOBIL E6
inputs are configured to generate emissions for those VOCs. The MEPROC file is documented in
Chapter 8, SMOKE Input Files[365]. The MOBILE6 inputs are documented in the MOBILE6 manual,
and thelimitations placed on these filesby SMOKE are documented in Section 4.5.12, “Use MOBILE6
for on-road mobile sources’ [185].

4.5.11. Use projection

4.5.11.1. Setup for using growth only

The SMOKE growth capability is needed when the inventory year and the modeling year are different.
For example, if your base-year inventory isfor 2002 and you must evaluate a control strategy in 2010,
then you will need to use the SMOKE growth capability.

1

Create and install growth packet files
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The /PROJECTION/ packet handles the growth from the base year to afuture year. This packet is
part of the GCNTL file described in Chapter 8, SMOKE Input Files[365]. A packet for each source
category that requires growth should be created and saved in afile with the correct name, as described
next. Users must ensure that al of the SCCsin the inventory that require growth are included in this
packet. Any source that does not match an entry in thisfile will have afactor of 1 assigned to indicate
no change from the base to the future year.

Inthedefault configuration of SMOKE, aGCNTL file must be created that includesthe/PROJECTION/
packet to use SMOKE growth. This file must follow the naming convention

gentl . $YEAR _SFYEAR. t xt , where YEARIisset intheAssignsfileand FYEAR s set in the script
as per Section 4.3.4, “ Script settings’ [143].

Thefileshould beinstalled in theinventory input directory for the source category to which it applies:
* Non-point (stationary area) files: $ARDAT directory

» Nonroad mobile files: SNRDAT directory

e On-road mobile files: $MBDAT directory

» Point files: $PTDAT directory

Please note that these instructions apply to on-road mobile sources in the following ways:

*  Growth of on-road mobileVMT

e Growth of on-road mobile precomputed emissions

Creating on-road mobile emission factors is accomplished by changing the FYEAR setting and using
the SMK_FUTURE_YNsettoY. Thisisdescribed also in Section 4.5.12, “Use MOBILEG6 for on-road
mobile sources’ [185] on running SMOKE with MOBILES.

Create scripts with correct settings for your particular needs

To create the scripts with the correct settings, the best starting place is one of the SMOKE example
future-year scripts, introduced in Section 4.3.3, “ Example script filesand their purposes’ [142]. These
scripts are already setup to run for growth only. To help you understand what the scripts are doing,
we have described in the list below the key elements of the script:

e Usesthe base-year Assignsfile for the case we are running. The script settings (such as FYEAR
and SMK_FUTURE_YN) will adjust what the Assignsfile does.

*  FYEARdefined and SMK_FUTURE_ YN not defined initially (default is N).

¢ RunCntImat to create growth matrices only (these scripts do not create control matrices, although
that is not normally what users will do inreal cases). This program reads the GCNTL file and
creates a growth matrix.

* Run Grwinven to grow base year inventory to future year (no controls).

* Reset SMK_FUTURE_YNtoY (note: placeholder for resetting SMK_CONTROL_YNisincluded,
but isnot set toY in example script).

« SourcetheAssignsfile, which will change output directories and file names now that SMK_FU-
TURE_YNissettoY. Notethat RUN_PART1 istemporarily reset to N in the example script to
prevent Assigns file from deleting SMOKE intermediate files.
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e Run Temporal and Smkmerge. The Temporal program will use the grown emissions to create
hourly grown emissions. Smkmerge will use these in addition to the base-year gridding matrix
and speciation matrix to create future-year model-ready emissions. The base year matrices can
be used because they areidentical to the future-year ones when SMOKE is used to apply growth.

4.5.11.2. Setup for using controls only

Using controls only in the SMOKE scripts is needed when you import a grown inventory that does not
include any or all of the controls that you wish to apply to the inventory. Thisiswhat we have assumed in
these instructions. We assume that in this case, the growth of the inventory was performed outside of
SMOKE, and SMOKE hasread in an inventory for the year defined by the FYEAR script setting. Thisin-
ventory must beimported in adifferent script that is similar to the base-year script, but followsthe instruc-
tions for importing future-year inventoriesin Section 4.5.2.6, “Future-year inventories’ [164].

1

Determine which control packets you need

Please refer to the Cntimat section of Chapter 6, SMOKE Core Programs [225] for a description of
what each of the control packets can do and how they interact.

The available packets are:

e /MACT/ packet

e /CONTROL/ packet

* /EMS_CONTROL/ packet

e /CTG/ packet

e /ALLOWABLE/ packet

e /REACTIVITY/ packet

Create and install control packetsfile

Thecontrol packetsjust listed handle the application of controlsfor acertain future year. These controls
can represent the existing controls that must be applied by emission sources so that they will bein
compliance with the law. The controls can al so represent additional controlsthat you want to evaluate
to seetheir impact on modeled air quality. Chapter 8, SMIOKE Input Files[365] explainsthese packets
and their formats.

You should create a separate control file for each source category that contains all of the control
packets that apply to that source category. Any inventory source and pollutant that does not receive
acontrol is assigned a factor of 1 to indicate no change between the base case and the control case.

In the default configuration of SMOKE, a GCNTL file must be created that includes the only control
packets. Thisfilemust follow the naming conventiongcnt | . $CNTLCASE. t xt , where CNTLCASE
is set in the script as per Section Section 4.3.4, “ Script settings’ [143].

Create scripts with correct settings for your particular needs

To create the scripts with the correct settings, the best starting place is one of the SMOKE example
future-year scripts, introduced in Section 4.3.3, “Example script files and their purposes’ [142]. The
script must be changed, however, in the following ways to implement control-only. There are two
ways to run controlsin SMOKE. Thefirst isto apply multiplicative controls using Grwinven and
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reactivity controls (if needed) with Smkmer ge. The second isthe apply both multiplicative and react-
ivity controls using Smkmer ge. The following settings must be used for each case:

« Apply multiplicative controls with Grwinven and reactivity control (if any) with Smkmerge

Usesthe base-year Assignsfilefor the case we are running. The script settings (such asFYEAR,
CNTLCASE, and SMK_CONTROL_YN) will adjust what the Assigns file does.

Set FYEAR = the imported future-year inventory

Set SMK_FUTURE_YN=Y on the line after FYEAR. Remove this setting from later in the
script (around line 120).

Set RUN_CNTLMAT =Y to run Cntlmat to create control matrices only
Set RUN_GRW NVEN=Y to run Grwinven to import the control matrices
Set RUN_TEMORAL =Y to run Temporal on controlled inventory

Set RUN_SMKVERGE =Y to run Smkmerge on controlled inventory

Set options for Cntlmat, Grwinven, Tempor al, and Smkmer ge (see Chapter 6, SMOKE
Core Programs [225]).

Set SMK_NUM _CTLMAT to 1

For area or nonroad mobile, set ACMATO1 to SACVAT
For on-road mobile, set MCMATO1 to $MCVAT

For point, set PCMATO1 to $PCVAT

These settings assume that you are using only one multiplicative control matrix. Grwinven
can actually import multiple control matrices from different cases. To use more than one
control matrix, set SMK_NUM_CTLMAT to the number of control matrices and set ACMATO02,
ACMATO03, etc to the names of the additional control matrices.

Set CNTLCASE to the control strategy name that you want for the control case.
At line 120 of file, reset SMK_CONTROL_YNtoY

To run Smkmerge for reactivity controls, add the MRG_CTLMAT _REAC option to the Smk-
merge options and set to “A”, “M”, “P" or some combination of those |etters to indicate
whether you want it to use the reactivity matrix for area (including nonroad), on-road mobile,
or point sources.

* Apply both multiplicative and reactivity controls with Smkmerge

Usesthe base-year Assignsfilefor the case we are running. The script settings (such asFYEAR,
CNTLCASE, and SMK_CONTROL_ YN) will adjust what the Assigns file does.

Set FYEAR = the imported future-year inventory

Set SMK_FUTURE_YN=Y on the line after FYEAR. Remove this setting from later in the
script (around line 120).

Set RUN_CNTLMAT =Y to run Cntimat to create control matrices only
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¢ Set RUN_GRW NVEN= N to run Grwinven to import the control matrices

e Set RUN_TEMORAL =N

¢ Set RUN_SMKMERCGE =Y to run Smkmerge on controlled inventory

e Setoptionsfor Cntlmat and Smkmer ge (see Chapter 6, SMOKE Core Programs [225]).
e Set CNTLCASE to the control strategy name that you want for the control case.

e Atline 120 of file, reset SMK_CONTROL_YNto N

¢ Torun Smkmerge for multiplicative controls, add the MRG_CTLMAT_MULT setting to
Smkmerge options and set to “A”, “M”, “P” or some combination of those |etters to indicate
whether you want it to use the multiplicative control matrix for area (including nonroad), on-
road mobile, or point sources.

e Torun Smkmerge for reactivity controls, add the MRG_CTLMAT _REAC setting to the Smk-
merge options and set to “A”, “M”, “P" or some combination of those |etters to indicate
whether you want it to use the reactivity control matrix for area (including nonroad), on-road
mobile, or point sources.

4.5.11.3. Setup for both growth and controls

Follow the instructions that apply for both of the previous two subsections. The differences between this
case and the previous two cases are as follows:

» Namethe GCNTL input file differently. It should be named: gcnt | . $YEAR_$FYEAR_$CNTL-
CASE. t xt

» The Grwinven program must be used at least to grow the inventory, so you must
e Set RUN_GRW NVENTtoY.

e Set SMK_NUM CTLMAT to at least 1. It should be set to the total number of growth and control
matrices to be applied by the Grwinven program.

« The ACMATO1, ACMATO2, etc file names should be set to be consistent with the matrices being
applied and the source categories (e.g., ACMATO1 should be SAPMAT or $ACMAT, but not SPCVAT,
since that would be inconsistent between source categories).

4.5.12. Use MOBILE®6 for on-road mobile sources

Extrafiles are needed for input to SMOKE when running with MOBILES6. These files are;
» MEPRQOC: Mobile emission processes

» MCREF: Mobile county cross-reference file

* MVREF: Mobile source county settingsfile

e MBLI ST: MOBILES input scenario list file

* IMEFLI ST: Mobile emission factors list file

» MOBILES6 input files
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The MEPROC, MCREF, and MVREF files areinstalled in the $MBDAT directory for the default SMOKE
configuration. Thedefault em sf ac_r un. csh helper script createsthe M6L1 ST file automatically. The
VEFLI ST fileis created automatically by the default SMOKE scripts, using the hel per script

snk_run. csh. SeeSection 4.5.12.5, “Changing MOBILE6 inputs’ [188] for the description of thelocation
for the MOBILESG input files.

The subsections below describe how adjusting these files will alow you to perform avariety of changes
to the on-road maobile processing.

4.5.12.1. Coordinating with other input files

The MEPROC file must be coordinated with the | NVTABLE, GSPRO, GSREF, and MOBILESG input files.
The MCREF, WREF, and MOBILEG6 input filesmust be coordinated with theinventory, and the MOBILE6
input files must be provided for the modeling year. The following list indicates all of the things that you
must check for when creating any of thesefiles.

» The MEPROC file must have all of the same process-pollutant combinations (e.g., EXR_CO) asare
indicated by the MOBILES inputs. The MOBILE6 manual explains which pollutants are associated
with which processes, except for user-defined pollutants based on the MOBILEG “ADDITIONAL
HAPS’ command.

For HAPS using the RATIOVOC command, the user hasto define whether the emission factor is asso-
ciated with exhaust (EXH) or evaporative (EVAP) processes. If the emission type is EXH, we could
potentially have EXR and EXS emissions. With an emission type of EVAP, the corresponding SMOKE
emission processes are HOT, DNL, RST, EVR, CRC, and RFL.

For HAPS using the RATIOPM command, the only SMOKE emission processis EXR.

For HAPS using the BEF command (basic emission factor), the possible SMOKE emission processes
are EXR and EXS.

If thereis any uncertainty about the processes that will be created, you can run MOBILES in stand-
aone mode with your MOBILEG inputs and see the emissions processes for which MOBILESG creates
the emissions.

e If apollutant that you want to model is not in the MEPROC file, it will not be modeled by SMOKE
correctly. All pollutants that you wish to include in the outputs must be in the MEPROC file.

e All pollutants in the MEPROC file must also bein the | NVTABLE file with Keep =, including the
I NVTABLE limitation that the file pollutant names are limited to 11 characters for on-road mobile
pollutants.

» All pollutants in the MEPROC file must have the correct MOBILEG6 input commands so that they will
be created. Please refer to the MOBILE6 manual for details about which commands are needed for
each pollutant.

» All process-pollutant combinations in the MEPROC file must also be included in the GSREF file. The
format for the “pollutant” entry in the GSREF is <emission process> _<pollutant>. Note that the
joiner between <emission process> and <pollutant> is a double underscore. A single under score will
prevent the processing from working properly. For example, running exhaust ammonia must be
included asEXR__NH3.

*  For the speciation profiles named in the GSREF filefor each process-pollutant combination, the correct
profile-pollutant combinations must be included in the GSPROfile. For example, if the GSREF file
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indicates that EXR_ ACENAPHT25 should use profile 0000A for all SCCs, then the GSPROfile
should have profile 0000A with pollutant ACENAPHT25.

*  When integrating toxics VOC and criteriaVVOCs and using MOBILE6, the NONHAPVOC or NON-
HAPTOG definition in the | NVTABLE file and GSPROfiles must be consistent.

» The MCREF file must assign reference counties for all counties for which you provide VMT datain
the inventory.

» The MVREF file must select a spatial-averaging and temporal -averaging approach for all counties for
which you provide VMT datain the inventory.

»  The MOBILES inputs must be provided for all reference countiesin the domain, using the naming
convention explained in Chapter 8, SMOKE Input Files [365].

» The MOBILES inputs must be provided for the modeling year (either base, future, or past year) and
must include all date-specific information as recommended by the MOBILE6 documentation and/or
other modeling guidance.

4.5.12.2. Changing and setting emission processes

The emission processes that you can model are ultimately dependent upon the processes available in
MOBILES. In Section 2.8.4.5, “Emission processes’ [44], we have previously listed the available emission
processes and which types of pollutants (criteria, VOC, PM, Toxics, user-defined HAPS) are associated
with each. You can change which processes areincluded in your modeling by adding or removing processing
from the MEPROC file, aslong as you are consistent with the documentation above and in Section 2.8.4.5,
“Emission processes’ [44].

4.5.12.3. Changing reference counties

Reference counties have previously been explained in Section 2.8.4.7, “Reference counties’ [46]. The
MCREF file assigns reference counties for each county in your domain. To change the reference counties,
thisfile should be edited to assign different reference countiesto each county in theinventory. After editing
thisfile, you must make sure that no countiesin the inventory have been left out of thefile.

4.5.12.4. Changing spatial or temporal averaging

You may want to change the spatial or temporal averaging to improve the detail of the modeling effort
(increasing the processing time) or to decrease the processing time (reducing the detail of the modeling).
The MVREF file must be changed using the file format described in Chapter 8, SMOKE Input Files [365]
to select the spatial or temporal averaging approach. As explained in the file format, the spatial approach
can be* by county” or “by reference county”, and the temporal averaging can be day-specific (no averaging),
weekly averaging, monthly averaging, or episodic averaging.

If you are using multiple meteorology averaging resolutions in the same run, you must also modify your
on-road mobile script to use multiple callsto theem sf ac_r un. csh helper script. The excerpt from
the on-road mobile example script snmk_nmb_nct ox. csh below iswhere the script must be changed to
include additional callstoem sf ac_r un. csh for al four averaging approaches.

## Run em sfac for cases needed by averaging choices in MREF file

#

foreach group ( episode ) # can include ( daily weekly nonthly episode )
set env GROUP_TYPE $gr oup
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source em sfac_run. csh # Run prograns
endi f

To change the temporal averaging needed, change the line with the foreach statement to use al of the
following options inside the parentheses:

« daily
* weekly
* monthly
« episode

4.5.12.5. Changing MOBILEG inputs

Changing MOBILES inputs requires you to take the following steps:
1. Preparetonamefilesusinga“.in” extension on all files. Ensurethat the“.in” extension islower case.

2. Create MOBILESG inputsas per MOBILESG instruction manual and thefollowing additional constraints
placed by SMOKE.

3. Makesurethat the case of the file names of external filesreferenced in MOBILES inputs are consi stent
with the actual file names.

Since SMOKE will most likely run on a UNIX-based operating system, the case of the external files
referenced by the MOBILESG inputs will matter. If the case of the file names referenced do not match
the case of the actual files, then MOBILE6 will give errorsthat thefilesare not found and the Emisfac
program will end with an error.

Further information about the format of the MOBILES input filesisgivenin Chapter 8, SVIOKE Input
Files[365].

4. Put your filesin adirectory named based on the following additional instructions.
The MOBILES6 inputs for the case you want to run need to be in the correct directory asfollows:
* No control case name (CNTLCASE variable is not defined by the scripts):
e MOBILES6 input directory is SMBDAT/ n6_$EF_YEAR/

e EF_YEARIsset following the rules described in Section 4.3.4, “ Script settings’ [143] (i.e.,
depends on YEAR, FYEAR, YEAR_OVERRI DE, and SMK_FUTURE_YN).

* Control case name (CNTLCASE variable is defined by the scripts):
*  MOBILES6 input directory is$I NVDI R/ nobi | e/ n6_${ EFYEAR} _$CNTLCASE
¢ Notethat this setting does not depend on the SMK_CONTROL__ YN setting.
4.5.13. Change temporal processing
Changing the temporal aspect of SMOKE processing is one of the critical changes that users must make.

One of the most basic changes that you can make to SMOKE is the time period for which SMOKE will
be run. In this section, we will explain how to make the following changes to your SMOKE processing:
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Section 4.5.13.1, “Changing temporal cross-reference and profiles’ [189]

Section 4.5.13.2, “ Setting normalization of weekly profiles’ [190]

Section 4.5.13.3, “ Changing the episode” [190]

Section 4.5.13.4, “ Changing the dates, times, and duration of model-ready SMOKE emissionsfiles’ [191]
Section 4.5.13.5, “ Setting non-sequentia processing dates’ [192]

Section 4.5.13.6, “ Changing holiday dates’ [194]

Section 4.5.13.7, “Use uniform temporal profilesfor all sources’ [194]

4.5.13.1. Changing temporal cross-reference and profiles

To change the temporal cross-reference and profiles the following steps must be taken.

1.

Determine which days of the week will have distinct diurnal profiles.

SMOKE provides the capability for optionally assigning different diurnal profilesfor different days
of the week. The file format for the ATPRO, MTPRO, and PTPROfile explains the different sections
of thefile that you can use to assign these different profiles. Before you add temporal profiles, you
must decide which approach you will use for the new profiles:

» Different diurnal profiles for weekdays and weekends (using the /DIURNAL WEEKDAY/ and
/DIURNAL WEEKEND/ packets).

« Different diurnal profilesfor each day of theweek (using the/DIURNAL <DAY NAME>/ packets,
where <DAYNAME> = the day of the week (MONDAY, TUESDAY, etc.).

Ensure that different diurnal profiles for different days of the week will match across the days.

When setting up new diurnal temporal profiles, itisimportant is ensure that the same temporal profile
codes are used across the packets for the diurnal profiles because as source can only be assigned a
single codefor all of itsdiurnal profiles. For example, if a source were to use diurnal profile code 50,
that code must be included in all of the diurnal packets and all instances of code 50 must be for that
source. In other words, it is not possible to assign code 50 on Mondays and code 60 on Tuesdays.

Edit the ATPRO, MTPRO, or PTPROfile to include new diurnal, weekly, or monthly profiles.

Thefile format for the ATPRO, MTPRO, and PTPROfilesisin Chapter 8, SMOKE Input Files[365].
To add new diurnal profiles, you must edit these filesin atext editor and the new profiles added. It
is possible to use the same file instead of three separate files; in this case, just configure the Assigns
fileto usethe samefile namefor all threelogical file names. This has been donein the default config-
uration.

Edit the ATREF, MTREF, or PTREF file to add entries or change assignments.

The file format for the ATREF, MTREF, and PTREF filesisin Chapter 8, SMOKE Input Files [365].
To add or change temporal profile assignments, you must edit these filesin atext editor and select
the source characteristics that will be associated with adiurnal, weekly, and monthly profile. The
examplefile uses primarily SCCsto assign temporal profiles, but the file format supports other fields
to make more specific assignments by county, pollutant, link 1D, plant ID, or other point-source
characteristics.
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Ensure ATREF, MTREF, and PTREF have entries for all sources in the inventory.

Once you have edited the file, you will need to check that all sources are being assigned profiles or
that the default temporal profile is acceptable for sourcesthat do not have more specific assignments.
The easiest way to check that thefilesare acceptableto youisto run it through the Tempor al program
using the REPORT _DEFAULTS option set to Y. With this option, the Temporal log file will report
all sources that have received the default temporal profile. You can review the log file to determine
if this default is acceptable to you. Additionally, you can run Smkreport (after Temporal has been
run) with the following instructions in the REPCONFI Ginput file to get a report with the temporal
profile codes that Tempor al assigned to each source. The instructions are:

« BY DIUCODE

« BY WEKCODE

« BY MONCODE

« BY SOURCE

4.5.13.2. Setting normalization of weekly profiles

To set normalization of weekly profiles, the following steps must be taken.

1.

Determine whether you are using an annual or average-day inventory.

You are using an annual inventory if you are using the IDA or SMOKE ORL format and you have
SMK_AVEDAY_YNisset to N inyour run scripts.

You are using an average-day inventory if you are using the EM S-95 format or you are using the IDA
or SMOKE Toxics format and you have SMK_AVE_DAY_YNset toY inyour run scripts.

If using an annual inventory, use weekly normalization.

To do this, make sure the WKDAY_NORMALI ZE setting is set to N in your run script when you run
Smkinven.

If using an average-day inventory, determine whether it is an average weekday or not, and set the
weekly normalization accordingly.

If your average-day inventory isan average that excludes weekend emissions, then you need weekday
normalization of your weekly profiles. To do this, make sure the WKDAY_NORMAL| ZE setting is set
toY inyour run script when you run Smkinven.

If the values of your average-day inventory include weekend emissions, then you do not need weekday
normalization and the WKDAY_NORMAL | ZE setting in your run scripts should be set to N when you
run Smkinven.

4.5.13.3. Changing the episode

The episode definition is the period for which you will generate SMOKE outputs. To change the episode
dates, the following steps must be taken. In addition, the episode dates must be consistent with the run
length settings, described in the next subsection.

1

2.

Choose an episode within a single calendar year.

Set the EPI _STDATE to the Julian start date of your episode.
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In general, this setting is the same asthe G_STDATE setting in the Assigns file. Aswill be described
in the next subsection, G_STDATE changes with each modeling period within the episode (e.g.,
modeling with 5-day periods), but the EPI _ STDATE setting is the same for the entire SMOKE run.

The EPI _STDATE setting is also generally consistent with the base model year set by the YEAR en-
vironment variable, which in turn is consistent with the year of datain the input inventory files.

Setthe EPI _STTI MEto the start time that you wish to use for each model-ready emissionsfile created
in your SMOKE run. Thisvalueis usually 0.

Set the EPI _ RUNLEN to the number of hoursin the episode.

Do not add an hour to this duration as with the G_RUNLEN setting described in the next subsection.
The format for this setting allows up to four hoursin the format (i.e., HHHHMMSS).

Set the EPI _NDAY to the number of days of the episode.

The minimum value is 1 and the maximum value is 365 (366 for leap years).

Ensure that all time dependent input data are available for the run period.

The critical time-dependent data that you must ensure are available for the episode duration are:
» Meteorology data (see Section 4.5.17, “ Change meteorology data’ [197])

« Day- and hour-specific point source data (including any precomputed plume rise data)

4.5.13.4. Changing the dates, times, and duration of model-ready
SMOKE emissions files

Therunlengthisthetime period for which each program that usestemporal processwill be run. Sometimes
these periods are called the “chunks’ of processing, asin the episode is being processed in “chunks’. This
period will determine the length of all of the hourly SMOKE intermediate files including ATMP, MTIVP,
PTMP, PLAY, and all model-ready outputs from Smkmer ge. To change the run length, the following steps
must be taken.

1.

Set the G_STDATE setting the same as your EPI _ STDATE.

The G_STDATE setting in the Assigns file is the starting date of the first SMOKE model-ready
emissionsfile. The G_STDATE_ADVANCE script variable is set in the scripts so that the scripts will
automatically reset the G_STDATE variable as need to run SMOKE for each period in the episode.
The length of those periodsis set by the G_RUNLEN variable and the number of periodsis

EPI _RUNLENdivided by G_RUNLEN.

Set the G_STTI ME setting the same asthe EPI_STTIME. This value is the start time that you wish
to use for each model-ready emissionsfile created in your SMOKE run. Thisvalueis usually 0.

Generally, the start time must also be consistent with the start time of the other inputsto the air quality
model, such as the meteorology data. For example, if the meteorology data start at 12 Greenwich
Mean Time (GMT) and the air quality model will also start at that time, then the emissions files will
also need to start at 12 GMT. This can be achieved by setting G_STTI ME and EPI _STTI MEto
120000 (HHMMSS format).

Set the G_TSTEP setting to 10000 for 1 hour (HHMMSS format). In version 2 of SMOKE and
earlier, thisisthe only setting that is supported by the code.
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Set the G_RUNLEN to the period run length for each model-ready SMOKE emissionsfile.

The run length can be set to as many hours as your air quality model can support for asingle input
file, aslong as your files do not surpass a2 GB file size limit, which are be imposed by 32-bit UNIX
operating systems and by the NetCDF library on which SMOKE is based. Generally, the air quality
models can accept filesfor aslong asthe user wishesto provide, so thelimit istherefore the file sizes,
which can be determined by trial and error. The conservative approach isto create emissions files for
1day at atime.

The air quality models require an extra hour of emissions datafor each file. Therefore the number of
hours for the G_RUNLEN setting is computed as:

(number of days per file) x 24 + 1

The G_RUNLEN setting must be in format of HHHHMM SS where HHHH is afour-digit number of
hours, MM is the minutes (must be 00), and SSis the seconds (must also be 00).

Set the ESDATE setting to the first date of your episodeinYYYYMMDD format.

Recall that the ESDATE setting isfor naming files. In the Assignsfile, the value of this setting should
be the starting date for the first emissionsfile to be created by the SMOKE run. The default SMOKE
script configuration will automatically update ESDATE for subsequent run periods.

Set the NDAY'S setting to the number of days represented by G RUNLEN.

For example, if G_RUNLENis490000 (2 days x 24 + 1 = 49 hours), then NDAYS should be 2.

4.5.13.5. Setting non-sequential processing dates

The PROCDATES option is specifically designed for use on daily and/or hourly inventory data with Tem-
poral. PROCDATES is not yet incorporated within other SMOKE core programs, such as Grdmat,Smk-
mer ge or Smkreport. For creating model-ready outputs and QA reports, the users need to be sure that the
episode dates (EPI _ STDATE and G_STDATE) in the assignsfile are listed in PROCDATES

If PROCDATES is not assigned, the defaults are G_STDATE, G_STTI ME and G_RUNLEN.

The following steps must be taken to set non-sequential processing dates.

Area/Non-road/Point Sources

1. Determine whether you need to use PROCDATES.

2. If youareusing PROCDATES, you need to set the environment variable by uncommenting PROCDATES
in the assignsfile.

3. Set the environment variable PROCDATES to the file procdates.txt located in GE_DAT. (i.e. setenv
PROCDATES $GE_DAT/procdates.txt.

Mobile Source

Because Temproal is also responsible for combining hourly emissions factors calculated by MOBI LE6
with hourly VMT datato generate hourly on-road mobile emissions, several following steps and pre-condi-
tions are necessary.

1.

Determine whether you need to use PROCDATES.
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2. Ifyouareusing PROCDATES, you need to set the environment variable by uncommenting PROCDATES
in the assignsfile.

3. Set the environment variable PROCDATES to the file procdates.txt located in GE_DAT. (i.e. setenv
PROCDATES $GE_DAT/procdates.txt.

Preconditions

1. For SMOKE to properly perform with PROCDATES for the M obile source sector, Emisfac intermidiate
files must be available for the desired days requested in PROCDATES so Tempor al to create the
daily/hourly intermediate outputs.

2. To aquire Emisfac itermediate output files, Premaobl and Emisfac need to be run for desired dates.
See Section 2.16, “ On-road maobile-source processing with MOBILEG” [98], Section 4.5.13.3,
“Changing the episode” [190] and Section 4.5.13.4, “ Changing the dates, times, and duration of model-
ready SMOKE emissions files’ [191].

3. Emisfac requires meteorologic data be available for the desired days. See Process the meteorology
datafor use by MOBI LE6 in Section 2.16, “ On-road mobile-source processing with MOBILEG” [98].

4. Thus, the user must decide what representative days they wish to model, ensure there is meteorol ogic

data available and the run Premobl and Emisfac.

Asan example, if the user wishesto run the first date of each month from January to May of 2005, the
user must assure that the VET datais available for Emisfac to properly execute.

PROCDATES needs to be set as follows:

# First day of each month
20050101 0 250000 ! January
20050201 0 250000 ! February
20050301 0 250000 ! March
20050401 0 250000 ! April

20050501 0 250000 ! May

NOTE: If you are running multiple non-sequential episodes through Emisfac, the user MUST relocate the
output fileslocated in STATI C/m6emfac after each Emisfac run. These files are automatically deleted
before the next Emisfac iteration. After all Premobl and Emisfac for all episodes have been completed,
move all intermediate files back to STATI C/m6emfac directory.

Let usreview the steps:

1

2.

Assure that the meteorologic data exists for the days being processed.

Set the environment variable for RUN_PREMOBL and RUN_EM SFACtoY and RUN_TEMPORAL
issettoN.

Follow the stepsin Section 4.5.13.3, “Changing the episode” [190] and Section 4.5.13.4, “ Changing
the dates, times, and duration of model-ready SMOKE emissionsfiles’ [191] corresponding to the
Mobile source processing date information.
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4. After each Emisfac run, move/copy itermediate output from STATI C/m6emfac to atemporary dir-
ectory.

5. Repeat steps 3 and 4 until all necesary datesfor the days covered in PROCDATES have been processed.
6. After al dates have been processed, move al the Emisfac output files back to STATI C/m6emfac.

7. Lagt, settheenvironment variablefor RUN_PREMOBL and RUN_EM SFACto N and RUN_TEMPORAL
issettoY.

NOTE: Since the Temporal dynamically create namesfor the output files, two new environment variables
[ Al M P] TMPNAME and [ Al M P] TSUPNANME are used to set the directory and file prefix for naming
the output files[ Al M P] TMP and [ A| M P] TSUP. The files are named using the starting date of each
time period.For example, if ATMPNAME is set to /data/ntmp.nctox., then the ATMP file for a given time
period will be put in the data directory and named ntmp.nctox.start date.ncf.

4.5.13.6. Changing holiday dates

Aspreviously explainin Section 2.10.5, “Holiday processing” [77], SMOKE can model holidays as special
days. The holidays that are relevant are those holidays for which anthropogenic activities are significantly
altered, since its those activities that determine the appropriate weight to give the emissions on each day
of the week and the diurnal temporal patterns for those days. For example, the nearly all workersin the
U.S. have ahaliday from their employment on Thanksgiving day, and the patterns of industrial and motor-
vehicle activities are substantially atered resulting in different emissions patterns on those days. The
Valentines Day holiday, however, does not affect such patterns because employers do not allow workers
aday off on that day.

TheHOLI DAYSfile controlswhich days SMOKE will treat as holidays and which day of theweek SMOKE
will emulate for that day. The file must be created for each year, since some holiday dates are different
each year. Although the format of the file suggeststhat the holidays can be model ed differently for different
countiesin theinventory, thisis not the case - the format is provided for afuture update to SMOKE, which
has not yet been implemented.

To change the holiday dates that are modeled by SMOKE, al that isrequired is changing the HOLI DAYS
file to include the year and holidays in which you are interested, and select a day of the week to use for
modeling that holiday. If you do not wish SMOKE to treat a holiday any differently, then it should be re-
moved from thefile. If you wish no days to be modeled as holidays, we recommend including at least one
date in the file, and assigning its actual day of the week, to prevent SMOKE from getting confused.

4.5.13.7. Use uniform temporal profiles for all sources

SMOKE includes alittle-used option to allow SMOKE to ignore all temporal profileinformation from the
temporal cross-reference and temporal profiles. In this case, the emissions will be constant for al hours
of al days, except for adight variation from month to month to account for the different number of days
in each month. This option till requires the temporal cross-reference and temporal profile input files, but
they areignored. To use this capability in SMOKE, set the UNI FORM_TPROF_ YN setting in the run script
toY.

4.5.14. Use Elevpoint for selecting elevated and PinG
sources

The Elevpoint program can select elevated and/or PinG sources as needed for some air quality models
and configurations. You must use the Elevpoint program in the following cases:
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You are running UAM, REMSAD, or CAMy including elevated point sources and/or PinG sources.

You are running CMAQ and want to select specific elevated sources or want to model with the PinG
capability.

You are running MAQSI P and want to select specific elevated sources.

The following steps must be taken to use Elevpoint:

1

Create a PELVCONFI Gfile.

The PELVCONFIG fileisthe Elevpoint input file that controlswhat sourceswill be selected as elev-
ated and/or PinG. Chapter 8, SMOKE Input Files [365] explains the file format for thisfile and how
to use thisformat. A example PELVCONFI Gfile provided with SMOKE (in the nctox case PTDAT

directory) contains additional instructions on setting up thisfile.

Update Assigns file to use the correct name of the PELVCONFI Gfile.
Set RUN_ELEVPA NT toY in point source run script.
If using PinG sources, set SMK_PI NG_METHODto 1 in point source run script (otherwise, set to 0).

If selecting specific elevated sources, set SMK_ELEV_METHODto 1 in point source run script (other-
wise, set to 0).

See model-specific settingsin Section 4.5.20, “Model for CMAQ and MAQSIP’ [201] and Sec-
tion 4.5.21, “Model for UAM, REMSAD, and CAM” [203].

4.5.15. Use BEIS2

The steps you need to take to use BEIS2 for your modeling case are:

1

Ensure that the land use file has been created and properly installed.

See Section 4.5.9.2, “Installing or changing spatial input files’ [172], step 4) for more information on
creating and installing the land use data.

Ensure that the meteorology data are correct.

See Section 4.5.9.2, “Installing or changing spatial input files’ [172], step 5) and Section 4.5.17,
“Change meteorology data’ [197] for more information on creating and installing the meteorology
data.

Ensure that summer and/or winter emission factors are in place.

The BFAC and BFAC_Wfiles are installed by SMOKE and do not need to be changed, so it is very
unlikely that thesefileswill not beintheir GE_DAT location. The exampleAssignsfile setsthelogical
file names for these, which should not be changed.

Set up your BEIS2 run script.

To set up your BEIS2 run, copy the example BEIS2 run script listed in Section 4.3.3, “ Exampl e script
filesand their purposes’ [142] and reset the script settings. The settingsthat you may need to reset are
as follows (see Chapter 6, SMOKE Core Programs [225] for al program options):
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5.

*« RUN_METSCAN: SettoY if you need to usethe Bl OSEASONfile (see Section 4.5.9.2, “Installing
or changing spatial input files’ [172], step 6).

« Rawbio options
e Tmpbio options

* Smkmerge options - this program is used to create state/county totals and/or to change units for
CMAQ from moles/hr (output by Tmpbio) to moles/s. Depending on the purpose for running
Smkmergein your script, adjust the Smkmer ge options accordingly. Please note that you cannot
create gridded outputs in moles/s and state/county totals in tons/day in asingle run.

If creating state/county totals, make sure the AREA SURROGATE_NUMSsetting is set to the cell-
area surrogate number in your BGPROfile.

« SPC_OVERRI DE: May be needed in some cases (see Section 4.3.4, “ Script settings’ [143])

Run the BEIS2 script.

4.5.16. Use BEIS3

The steps you need to take to use BEIS3 for your modeling case are:

1

Ensure that the land use file has been created and properly installed

See Section 4.5.9.2, “Installing or changing spatial input files’ [172], step 4) for more information on
creating and installing the land use data.

Ensure that the meteorology data are correct

See Section 4.5.9.2, “Installing or changing spatial input files’ [172], step 5) and Section 4.5.17,
“Change meteorology data’ [197] for more information on creating and installing the meteorology
data.

Ensure that BEIS3 emission factors arein place.

The B3FACfileisinstalled by SMOKE and does hot need to be changed, so it is very unlikely that
thisfile will not bein its GE_DAT location. The example Assigns file sets the logical file names for
thisfile, which should not be changed.

Setup your BEIS3 run script

To set up your BEIS3 run, copy the example BEIS3 run script listed in Section 4.3.3, “ Exampl e script
filesand their purposes’ [142] and reset the script settings. The settingsthat you may need to reset are
as follows (see Chapter 6, SMOKE Core Programs [225] for all program options):

* RUN_METSCAN: SettoY if you need to usethe Bl OSEASONfile (see Section 4.5.9.2, “Installing
or changing spatia input files’ [172], step 6).

e Normbeis3 options
e Tmpbeis3 options

« Smkmerge options - this program is used to create state/county totals and/or to change units for
CMAQ from moles/hr (output by Tmpbeis3) to moles/s. Depending on the purpose for running
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4.5.17. Change meteorology data

Smkmergein your script, adjust the Smkmer ge options accordingly. Please note that you cannot
create gridded outputs in moles/s and state/county totals in tong/day in asingle run.

If creating state/county totals, make sure the AREA SURROGATE_NUMSsetting is set to the cell-
area surrogate number in your BGPROfile.

* SPC_OVERRI DE: May be needed in some cases (see Section 4.3.4, “ Script settings’ [143])

4.5.17. Change meteorology data

To change the meteorology data, you must take the following steps:

1.

Determine what format your air quality model will accept for meteorology data and convert data to
[/O API format if needed.

If you are modeling with CMAQ or MAQSIP, then the datawill be in the 1/O API format created by
MCIPor MCPL that SMOKE can accept. If you are modeling with UAM, REMSAD, or CAMy, then
you must check to see which meteorology format the model accepts. Some versions of these models
can use the same I/O API format as for CMAQ, but some cannot.

If your meteorology data are not in the correct format, then you will need to convert the data. There
is currently no utility provided with SMOKE to convert the meteorology format needed by some
versions of UAM, REMSAD, and CAMy to SMOKE input format.

Ensure required variables are included in meteorology data
Ensure meteorology data cover the correct time period

In general, the meteorology data need to cover the same time period as the episode that you are
modeling. The only exception to thisis for on-road mobile sources using MOBILE6. MOBILE6G
computes 24-hours of emission factors at atime, and the 24 hours are from 6AM local timeto 5AM
local time the following day. SMOKE's Premabl program converts the gridded, hourly meteorology
that isin asingle time zone (usually GMT) into hourly meteorology for each MOBILESG run in local
time. Thiscan cause Premaobl to process hours of meteorol ogy datathat are not actually in the episode
in an attempt to meet MOBILEG's 6 AM to 5 AM requirement. A similar problem can happen at the
end of an episode. These problems cause Premobl to end with an error.

If Premobl complains about missing meteorology data in this way and the meteorology data are not
available, the following approach can be used to copy extradatato the beginning of your first episode
day and to the end of your last episode day. These instructions require that you first install the 1/0
API utilitiesm3tshift and m3xtract and that you have added the path of these utilitiesto your $pat h
shell variable. This variable includes paths for al executablesandis setinthe UNIX . cshr c filein
your home directory. To add the m3tshift directory to your path, you can modify your . cshr c file
to include the following command.

set path = ($path <directory with nBtshift>)

After your . cshr c file has the command listed above, you must login again. Now, if you type
m3tshift or m3xtract at the UNIX prompt, the programs will be found and will start running.

Thefollowing steps copy thefirst day of meteorology datato the beginning of your meteorology files
and the last day of meteorology data to the end of your meteorology files.

a.  Atthe UNIX prompt, type the following commands. The “>" symbol represents the UNIX
prompt.
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>setenv INFILE <file nane of existing 1st day of neteorol ogy>

>setenv QUTFILE <new file nane for neteorology file for day before
current first day>

>nBt shift

This program can copy the datafrom | NFI LE to OUTFI LE and change the time stampsin the
file. We are using it to copy the first day to the day before the first day. Follow the instructions

on the screen as m3tshift isrunning. The duration need only be 25 hours at most. For example,
if the current first day Julian dateis 1996171, the target Julian date is 1996170 and the starting

times are the same:

e Starting date = 1996171 (thisisYYYYDDD format)
e Starting time = 120000 (thisis HHMMSS format)

e Target starting date = 1996170

e Target starting time = 120000

e Duration = 250000 (thisis HHHMMSS format)

b. Repeat step (a) except the input file will be the last day and the output file will be the day after
the last day. The starting date will be the last day and the target starting date will be the day after
the last day.

c. Edityour METLI ST file to include the new first day and new last day files.
4. Ensure meteorology data are on the correct grid

Asdescribed in Section 4.5.9.2, “Installing or changing spatial input files’ [172] step 5, check that the
meteorology grid and modeling grid are consistent.

5. Install meteorology data

The meteorology data should be installed in the $METDAT directory, as explained in Chapter 3,
SMOKE Directories and Example Data [113]. The names of the files are up to you.

6. Ensurethat the meteorology data names match with the namesin the Assignsfile

Edit the Assignsfile and look for the $METDAT variable. Ensure that it is consistent with the actual
location of the meteorology files. Also check the settings for GRI D_CRO 2D, GRI D_CRO 3D,
VET_CRO 2D, MET_CRO 3D, and MET_DOT 3D and make sure that the naming scheme for these
filesis consistent with your file names.

4.5.18. Plume Rise Calculation for Fires

Starting with version 2.2, SMOKE contains an approach for computing plume rise for wildfire/prescribed
fires using the Bluesky Pouliot-Godowitch plume rise algorithm (http://www.epa.gov/ttn/chief/confer-
ence/ei 14/session12/pouliot.pdf). In SMOKE version 2.2, SMOKE can compute hourly plume rise from
precomputed hourly heat flux, fuel loading and area burned data using the Bluesky CONSUME model.
The SMOKE preprocessor Bluesky?2l nv that convertsthe output from the CONSUME model into SMOKE-
readable annual and daily inventory files (Section 5.4, “BlueSky2I nv” [210]).
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4.5.18. Plume Rise Calculation for Fires

Starting with SMOKE version 2.3, SMOKE can compute hourly plume rise from an intenally computed
heat flux using area burned and fuel loading data. This approach allows SMOKE to compute hourly heat
flux based upon daily area burned, fuel loading, material burned and a constant default heat content (8000
BTU/Ib) (Equation 1). The daily heat flux and emissions are temporally allocated to hourly values based
upon the duration of the fire (begining and ending hours).

1.  Heat Flux (BTU/hr/mz) = areaburned (acre/day) x (1 acre/4046.86 m2) x fuel loading (tons/acre) x
heat content (BTU/Ib) x (20001b/ton) x duration of fire (hr/day)

The SMOKE plume rise requires two ORL formatted files for wildfire/prescribed fires. The master #ORL
FIRE file (Section 8.2.8.4, “ORL FIRE Format” [413]) contains the fire characteristics including coun-
try/state/county code, fireidenfication code, geographic coordinate, fire name, heat content, material burned
and NFDRS code. The day-specific #ORL FIREEMISfile (“ Section 8.2.6.2, “ Day-specific file format for
fires’ [397]") includes daily pollutant emissions, area burned, fuel loading, and fire begining and ending
time.

NOTE: SMOKE requires that the fire inventory pollutant names are copied to the Chemical Absrtracts
Service ( CAS) number columnintheinventory table (I NVTABLE) file (See Section 8.10.3,“1 NVTABLE:
Inventory table” [471]).

1. Tocomputeplumerisefor firesusing SMOKE, following these steps. Add the fireinventory variables
tothe | NVTABLE file:

HFLUX HFLUX Y 1 NNNN O tons/yr
HEATCONTENT HEATCONTENT Y 1 NNNN O tons/yr
FUEL_LQAD FUEL_LQAD Y 1 NNNN O tons/yr
ACRESBURNED ACRESBURNED Y 1 NNNN O tons/yr
BEGHOUR BEGHOUR Y 1 NNNN O tons/yr
ENDHOUR ENDHOUR Y 1 NNNN O tons/yr

2. Run Smkinven with these settings,
+  Set RUN_SMKI NVENtoY
+  Set| MPORT_AVEI N\V_YNtoY
¢  Set CHECK_STACKS YNtoN
3. Do not run Elevpoint,
* Set RUN_ELEVPQO NT to N
+  Set SMK_ELEV_METHODt0 0
+  Set SMK_PI NG METHODt0 0

4. Run Laypoint with these settings, See more detail at Section 6.7.1.1, “Plume rise calculation for
fires’ [255].

+ SetRUN_LAYPO NT toY
« SetFI RE_PLUVE_YNtoY
« SetHOURLY_FI RE_YNtoY

*  Set SMK_SPECELEV_YNtoN
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4.5.19. In-line Plume Rise Calculationin CMAQ model (as
of version 4.7)

5.

6.

Run Smkmer ge with theses settings,

+  Set RUN_SMKMERGE toY

e Set SMK_ASCI | ELEV_YNtoN

Set these multiple program control settings.
e Set DAY_SPECI FI C_YNtoY

e SetEXPLIClI T_PLUVES_YNtoN

*  Set SMK_PI NG METHODto 0

«  Set QA _TYPE to part2

4.5.19. In-line Plume Rise Calculation in CMAQ model (as
of version 4.7)

Staring with version 2.5, SM OK E supportsthe cal culation of plumerisefor point sourcesin CMAQ known
asanin-line plumerise calculation. SMOKE is used to select the point sourcesto reduce the CMAQ plume
rise treatment. In this section, we give a basic outline of how to run SMOKE to output emissions for the
in-line plumerise processing in CMAQ. To prepare emissionsfor the CMAQ in-line plumerise calculation
follow these steps:

1.

For fires, the following two lines need to be added to the GSPROfile (See Section 8.5.2, “ GSPRO.
Speciation profile file” [425]):

"0000"; "HFLUX"; "HFLUX"; 1;1;1

"0000"; " ACRESBURNED" ; " ACRESBURNED"; 1; 1; 1

Set these variables in the SMOKE run scripts.

e SetRUN_LAYPO NTtoN

e SetRUN_ELEVPO NT toY

e Set SMK_ELEV_METHODto 2 (See Section 6.3.3.2, “Input Environment Variables’ [241])
¢ Set SMK_PI NG_METHODto 0

e Set MRG_LAYERS _YNtoN

Elevpoint to select the sourcesto receivethe CMAQ in-line plumerise treatment. Create a PELVCON-
FI Gfileto group sources with nearly identical stack parameters to reduce the total number of plume
rise calculations performed by the CMAQ in-line plume rise modul e. Non-fire sources with an anal yt-
ical plume rise height greater than 38 meters are typically selected for in-line plume rise processing.
The PELVCONFI Gfile used for CMAQ in-line processing of non-fire sources should be similar to
the following example:

SMK_SOURCE P
/SPECIFY ELEV GROUP/

HT+/- 0.001 AND DM +/- 0.001 AND TK +/- 0.001 AND VE +/- 0.001

200



4.5.20. Model for CMAQ and MAQSIP

/END/

ISPECIFY ELEV/
RISE >= 38
/END/

For point source fires, such as the EPA ptfire sector, the following is an example of a PELVCONFI G
file

SMK_SOURCE P
/SPECIFY ELEV GROUP/
HT+/- 1.0

/END/

/SPECIFY ELEV/

PM2 5>0

/END/

4.5.20. Model for CMAQ and MAQSIP

In this section, we attempt to give a basic outline of the considerations for script reconfiguration needed
for SMOKE output for the CMAQ and MAQSI P models. All models require Smkmer ge to be configured
for outputting gridded data, with speciation, and with hourly emissions. The following configurations are
needed when modeling for CMAQ and MAQSIP.

1.

Make sure the chemical speciation is set for one of the CMAQ or MAQSIP chemical mechanisms.

This check involvesthe SPC setting, explained in Section 4.5.10, “ Use adifferent speciation mechanism
or change speciation inputs’ [176].

Set the basic settings for CMAQ or MAQSIP.
* SetRUN_LAYPO NT toY

e Set REP_LAYER MAX tothe number of the layer you expect should be the maximum plumerise
layer (the layer that includes 2000 meters).

«  Set MRG TEMPORAL_YNtoY

«  Set MRG_SPCMAT_YNtoY

. Set MRG LAYERS_YNtoY

. Set MRG_GRDOUT_YNtoY
 Set SMK_ASCI | ELEV_YNtoN

e Set SMK_EM_AYS to the number of layers you need for your emissions files (usually up to the
layer that includes 2000 meters, unless you are using explicit plume rise, in which case the layer
that includes the maximum plume height of the precomputed plume top).
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4.5.20. Model for CMAQ and MAQSIP

Set the correct output unitsin the runs scripts.

CMAQ expects output units of moles/s. For biogenic processing, thisrequiresthe Smkmer ge program
to be run to convert the moles’hr units output by Tmpbio or Tmpbeis3 to moles/s.

MAQSI P expects output units of moles/hr.

Set the MRG_GRDOUT_UNI T setting in the run script to either moles/s (for CMAQ) or moles/hr (for
MAQSIP). For biogenics processing, make sure RUN_SVKMERGE isset to Y.

Configure approach for plume rise for standard point sources, including optional PinG sources for
CMAQ.

The point-source run script should have the following settings in each of the following situations.
a. Calculate plumerisefor al point sources.
e SetRUN_ELEVPO NT toN
¢ Set HOUR_PLUMEDATA YNto N
*  Set SMK_SPECELEV_YNtoN
e SetEXPLICI T_PLUVES YNtoN
«  Set SMK_PI NG METHODto N
+  Set SMK_SPECELEV_YNtoN
b. Select specific elevated sourcesfor CMAQ or MAQSIP and calculate plume rise only for those.
Use the same settings asin part (@) above, except:

e SetRUN_ELEVPO NT toY (See Section 4.5.14, “Use Elevpoint for selecting elevated and
PinG sources’ [194] for moreinformation about running Elevpoint to select el evated sources)

+ Set SMK_ELEV_METHODto 1
«  Set SMK_SPECELEV_YNtoY
c. Select PinG sourcesfor CMAQ.
Use the same settings in part (a) above, except:

e SetRUN _ELEVPO NT toY (See Section 4.5.14, “Use Elevpoint for selecting elevated and
PinG sources’ [194] for more information about running Elevpoint to select PinG sources)

e Set SMK_PING_METHODto 1
Configure approach for plume rise for explicit plume rise sources.

Explicit plumerise sources (i.e., sourcesfor which plumerise has been computed outside of SMOKE)
require additional precomputed plumeriseinformation, previously described for inventory dataimport
in Section 4.5.2.5, “Day-specific and hour-specific point and fire inventories’ [162]. In addition to

these data for CMAQ or MAQSIP modeling, the following settings must be made in the run scripts.
These settings are in addition to the other configurations you need for the other point sources described
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above. If the only point sourcesin your inventory are explicit plume rise sources, then use the settings
described in steps 3 and 5a above.

Set HOUR_PLUVEDATA YNtoY

4.5.21. Model for UAM, REMSAD, and CAMy

1

Make sure the chemical speciation is set for one of the UAM, REMSAD, or CAMy chemical mech-
anisms.

Thischeck involvesthe SPCsetting, explained in Section 4.5.10, “ Use adifferent speciation mechanism
or change speciation inputs’ [176]. Please note that the files and setup needed for CAMy-PM are not
availablein SMOKE v2.1.

Set the basic settings for UAM, REMSAD, and CAMy

In these settings, we will configure the system to select elevated point sources using the Elevpoint
program, but not PinG sources.

*  Set RUN_LAYPO NT to N

e Set RUN_ELEVPO NTtoY (See Section 4.5.14, “Use Elevpoint for selecting elevated and PinG
sources’ [194] for more information about running Elevpoint to select elevated sources)

+ Set SMK_ELEV_METHODto 1
«  Set MRG_TEMPORAL_YNtoY

*  Set MRG_SPCVAT_YNtoY

« Set MRG_LAYERS YNtoN

¢ Set MRG_GRDOUT_YNtoY

e Set SMK_ASCI | ELEV_YNtoY

e Set MRG_GRDOUT_UNI T to moles’hr
e SetEXPLICI T_PLUVES YNtoN

¢ Set HOUR_PLUVEDATA _YNto N

« Set SMK_SPECELEV_YNtoY
Optionally configure for PinG sources.

In addition to different instructions in the REPCONFI Gfile, the point-source run script should have
the following settings in each of the following situations.

e Set SMK_PING_ METHOD to 1
Configure approach for plume rise for explicit plume rise sources.

Explicit plumerise sources (i.e., sourcesfor which plumerise has been computed outside of SMOKE)
require additional precomputed plumeriseinformation, previously described for inventory dataimport
in Section 4.5.2.5, “ Day-specific and hour-specific point and fire inventories’ [162]. In addition to
these datafor UAM, REMSAD, and CAMy modeling, the following settings must be made in the
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run scripts. These settings are in addition to the other configurations you need for the other point
sources described above. If the only point sourcesin your inventory are explicit plume rise sources,
then use the settings described in steps 2 and 3 above.

+ SetRUN_LAYPO NT toY
¢ SetEXPLICI T_PLUVES YNtoY

*  Set HOUR_PLUMEDATA YNtoY

4.5.22. Determine if a run worked correctly and
troubleshoot

Determining if your run worked correctly and troubleshooting are described in detail in Chapter 7, SMOKE
Quality Assurance[327]. Werefer the reader to that chapter for explanations of how to perform these steps.

1.

2.

4.

5.

Resolve all errors and warningsin all log files.

Compare SMOKE output emissionsto inventory total emissions at each stage of SMOKE processing
to ensure emissions have not been erroneously lost or added.

Review and analyze SMOKE reports that indicate the speciation profiles, temporal profiles, and spatial
surrogate codes assigned to each SCC in the inventory.

Examine your inventory for interregional inconsistencies.

Visually examine your model-ready emissions to search for possible errors.

4.5.23. Change reports

SMOKE provides the Smkreport tool as avery flexible tool to generate reports on your inventory and
emissions modeling case. This program is documented in detail in Chapter 7, SMOKE Quality Assur-
ance [327]. Here, we provide the information that you need to reconfigure your scriptsto use different re-
porting. The QA_TYPE and QA_LABEL environment variables introduced in Section 4.3.4, “ Script set-
tings’ [143] are clarified here.

1

Customize the names of the output report files and Smkreport log files.

The example SMOKE run scriptswill name the log files and report output files with preset names. If
you set the QA LABEL setting, the reports and | og file nameswill then include the value of that setting.
For example, if the default report namewere a. st at e. nei 99. r pt and QA_LABEL were set to
“runl”, the new report namewould bea. st at e. nei 99. runl. r pt.The“runl” in QA_LABEL
isinserted before the final “rpt” extension.

Select from one of the default settings for QA TYPE

The default QA TYPE settings allow usersto run Smkreport with the default REPCONFI Gfiles.
Thesefiles are located in the $OTHER directory, documented in Chapter 3, SMOKE Directories and
Example Data [113]. Each source category hasits own valid QA_TYPE settings, and each of these
Settings causes certain reports to be created. Table 4.5, “QA_TYPE settings with associated source
categories and default REPCONFI Gfiles’ [205] indicates which QA TYPE setting can be used in
which case, and the REPCONFI Gfiles that will be used.
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Table 4.5. QA_TYPE settings with associated source categories and default REPCONFI G
files

QA TYPE SourceCategories| REPCONFI Gfile from $SMKDAT/ i nvent ory/ nc-
t ox/ ot her

partl area repconfig.ar.inv.txt

(RUN_PART1 nonroad repconfig.nr.inv.txt

must besettoY) |mobile repconfig. mb.inv.txt
point repconfig.pt.inv.txt

part2 area repconfig. ar.tenporal .txt

(RUN_PART2 nonroad repconfig.nr.tenporal.txt

must besettoY) |mobile repconfig. nb. tenporal . txt
point repconfig. pt.tenporal.txt

part3 point repconfig. pt.elev.txt

(RUN_PART3

must be settoY)

part4 point repconfig.pt.lfrac.txt

(RUN_PART4

must be settoY)

al area All of the above reportswill be generated, provided that the
nonroad RUN_PART( 1- 4) settings are set aslisted in column 1 of
mobile thistable.
point

custom area See step (3) below.
nonroad
mobile
point

The helper script ga_r un. csh isresponsible for selecting the correct REPCONFI Gfile based on
the QA_TYPE setting, and these settings need not be changed. If users wish to implement a different
configuration, the “custom” value of QA _TYPE should be able to meet those needs without any
changesto ga_r un. csh. Copying the REPCONFI Gfilesfrom the example files to your case and
changing them changes the default reports that are generated by SMOKE for your case.

Users can examine these REPCONFI Gfiles along with the documentation in Chapter 7, SMOKE
Quality Assurance[327] to determinethe reportsthat will be generated by each. Thesereportsarealso
generated during the SMOKE install ation and test case run, and can provide examplesfor understanding
which reports will be written.

Using the “custom™ setting

If QA_TYPE issetto “custom”, thentheqga_r un. csh script expects that users will set the correct
REPORT* environment variables in the main body of their run script. The REPORT* environment
variables are typically used asthe logical file namesfor Smkreport, those environment variables
used are themselves configurable in the REPCONFI Gfile. The physical file names can also be set in
the REPCONFI Gfiledirectly, instead of relying on the scriptsto contain environment variabl e settings.
These options are explained in greater detail in Chapter 7, SMOKE Quality Assurance [327].
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Chapter 5. SMOKE Utility Programs
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5.1. Overview

There are thirteen programs covered in this chapter:
Aggwndw isautility program that can aggregate or window emissionsfrom an 1/O API fileto anew grid.

The Beld3to2 program converts two BELD3 I/O API netCDF filesinto asingle BELD2 ASCI| filefor
input into Rawbio.

BlueSky2lnv converts output files from the BlueSky fire modeling framework into inventory files that
SMOKE can read.

The CEM Scan program cal culates summed annual NOx emissions, SO, emissions, heat input, grossload,
and steam load from a year's worth of CEM data. The output from CEM Scan is used by Smkinven to
calculate hourly emissions from annual inventory data when processing CEM data.

Extractida allowsyou to extract specific plantsfrom apoint-source, IDA-formatted SMOKE input inventory
file.

Geofac adjusts SMOKE hourly, gridded, speciated emissions in based on a specified geographic region

Invsplit splitsan IDA, SMOKE toxics, or EMS-95 inventory into separate inventories by state, grouping
the states as indicated by your inputs.

L ayalloc vertically redistributes SMOKE hourly, gridded, speciated emissionsin based on an user-defined
layer fraction input.

M etcombine combines 2-D gridded meteorology datawith the 1st layer of 3-D gridded meteorology data
to create input files for Premobl.
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5.2. Aggwndw

M etscan reads up to one year's worth of first-layer /O APl meteorology data (whether 2-D or 3-D files)
and determine the first and last freeze dates of the year, for use by Tmpbio or Tmpbeis3 in setting
winter/summer emission factors by day and grid cell.

Pktreduc reduces the size of /PROJECTION/ packets, but keeps the same information by identifying and
implementing state defaults where none already exist in the file.

Smk2emis converts SMOKE netCDF filesinto a UAM-, REMSAD-, or CAM-ready emissionsfile.

Surgtool inputs SMOK E-formatted gridding surrogates for a“fing” input grid and outputs a surrogate file
for a“coarse” output grid. It produces approximate “coarse” grid surrogates, the accuracy of which depends
on how fine the resolution of the input grid is relative to that of the output grid.

Uam2ncf converts UAM-ready emissions filesinto I/O API format.

5.2. Aggwndw

5.2.1.

5.2.2.

5.2.3.

Description

Aggwndw aggregates and/or windows emissions from an 1/0O API fileto anew grid. The program does
not change grid projections or interpolate data; the grid boundaries of the input and output grids must be
aligned and the output grid must be entirely contained within the input grid. Aggwndw automatically
checks that the input and output emissions do not differ by more than 0.01% and also produces a report
file containing summed input and output data.

Processing Order

Aggwndw can be run on any gridded 1/0 API file. Usualy it would be used to create coarse-grid or win-
dowed emissions from fine-grid model-ready output files created by Smkmerge or Mrggrid.

Files and Environment Variables

5.2.3.1. Input Files

File Name Format Description

GRI DDESC ASCII Grid description file containing information about the output
grid

I NFI LE I/O APl NetCDF  |Input gridded emissions file

5.2.3.2. Input Environment Variables

» | QAPI _GRI DNAME_1: [default: none]

Sets the name of the output grid whose parameters will be read from the GRI DDESCfile.

5.2.3.3. Output Files

File Name Format Description

QUTFI LE /O APl NetCDF  |Gridded emissionsfile

208



5.3. Beld3to2

File Name For mat Description
REPFI LE ASCII Report file; provides summed input and output emissions for
QA purposes
5.3. Beld3to?2
5.3.1. Description

5.3.2.

Beld3to2 readsin BELD3 datain I/O APl netCDF files (typically created by the Models-3 SMOKE Tool).
The BELD3 consists of 230 land use types. Because the I/O API has alimit of 120 variables per netCDF
file, the BELD3 land use data read in must be input in two land use files. An additional input file that
contains the amount of land use data obtained from the Forest Inventory Area (FIA) database is also used;
these FIA dataareimportant mainly when converting land use data over Canada. Since Rawbio understands
only the 127 BEL D2 land use types, Beld3to2 also reads in a cross-reference file, B3XRF, that maps the
230 BELD3 land usetypesinto the 127 BELD2 land use types. The output from this program is a gridded
ASCII land use file ready for input into Rawbio. The grid characteristics of the output file, BQUSE, are
obtained from the BEL D3 land use files. The grid characteristics are output at the top of the BGUSE file
on the #GRID line (usually thefirst line).

Processing Order

This program is necessary only if you (1) have BELD3 land use data and (2) want to create BELD2 land
use data based on the BEL D3 data. This program must be run after the BEL D3 land use data have been
created (e.g., by the MIMS Surrogate Tool) and before running the Rawbio program.

5.3.3. Files and Environment Variables

5.3.3.1. Input Files

File Name For mat Description

B3XRF ASCII Cross-referencefile that mapsthe BELD3 land use typesto the
BELD2 land use types

BELD3_A [/OAPI NetCDF |BELD3 land use datafile A (first 120 land use types)

BELD3_B I/OAPI NetCDF |BELD3 land use datafile B (remaining 110 land use types)

BELD3_TOT I/OAPI NetCDF |BELD3 land usetotalsfile; contains additional information
about the BEL D3 data for the same modeling domain used in
the BELD3_A and BELD3_B files

5.3.3.2. Input Environment Variables

None

5.3.3.3. Output Files

File Name

Format

Description

BGUSE

ASCII

Gridded land use datain ASCII format containing BELD2 land

use types.
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5.4. BlueSky2Inv

File Name

Format

Description

LOGFI LE

ASCII

Log generated from executing Beld3to2

5.4. BlueSky2Inv
5.4.1. Description

BlueSky2lnv converts output files from the BlueSky fire modeling framework into an annual |DA-
formatted inventory and an hourly emissions inventory.

5.4.2. Processing Order

BlueSky2Inv is used to create inventories from BlueSky output for input into Smkinven.

5.4.3. Files and Environment Variables

5.4.3.1. Input Files

File Name Format Description

COsTCY ASCII Country, state, and county codesfile; used to assign time zones
to each source based on the source’s state and county codes

FI LELI ST ASCII List of BlueSky output files including path and filename

5.4.3.2. Input Environment Variables

G_STDATE: [default: none]

Starting date of data (Y'Y Y'Y DDD); used to set the inventory year in the annual inventory. G_STDATE
is also used to create default entriesin the daily inventory file for each source.

VARLI ST: [default: none]

Selects the variables that will be output in the annual and daily inventories. Valid values are AREA,
HFLUX, PM2_5, PM10, PM, PMC, CO, CO2, CH4, NMHC, and TOG. The values for the variable
should be formatted as follows:

setenv VARLI ST "AREA, HFLUX, PM2_5, PMC, CO, TOG'

5.4.3.3. Output Files
File Name For mat Description
PTDAY ASCII Daily emissionsinventory
PTI NV ASCII Annual IDA-formatted inventory
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5.5. CEMScan

5.5. CEMScan

5.5.1.

5.5.2.

5.5.3.

Description

CEM Scan readsayear’sworth of CEM dataand cal culates summed annual NOx emissions, SO, emissions,
heat input, gross load, and steam load for each uniquie ORI S/boiler combination in the output CEM data.
While writing the output, CEM Scan will skip any ORIS/boiler combinations where the total annual NOx
emissions are zero or null or where the total annual gross load, steam load, and heat input are zero or null.
The program will write these ORI S/boiler combinations to the report file along with aflag indicating that
the combination was not written to the output file. The output from CEM Scan is used by Smkinven to
calculate hourly emissions from annual inventory data when reading CEM data. Detail information is de-
scribed in Section 2.9.19, “ Processing hour-specific CEM data” [73].

Processing Order

CEM Scan should be run before Smkinven when processing CEM data.

Files and Environment Variables

5.5.3.1. Input Files

File Name Format Description

FI LELI ST ASCII List of CEM input filesincluding path and filename; the files
must contain data for an entire year to be consistent with the
annual inventory

5.5.3.2. Input Environment Variables

*  MAX_CEM UNI TS: [default: none]

Maximum number of CEM unitsin input data; thisval ue can usually be based on the number of sources
in the annual inventory

5.5.3.3. Output Files

File Name Format Description
QUTFI LE ASCII CEM summary file
REPFI LE ASCII Report summarizes CEM data

5.6. Extractida
5.6.1. Description

The Extractida routine allowsyou to extract specific plants out of apoint-source, IDA-formatted inventory
file. The program reads alist of state/county codes and plant IDs and an IDA-formatted inventory file,

then outputs only those records from the IDA file that match sourcesin the state/county and plant ID list.
The program sortsthe list of state/county codes and plant I1Ds and eliminates any duplicate records before
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5.6.2. Processing Order

5.6.2.

reading the inventory file and sel ecting those records that match the list. The output file, OUTFI LE, isalso
in point-source IDA format.

Processing Order

Thisoptional program can be run after you have created or obtained a point-source, | DA-formatted inventory
file and before you run the Smkinven program. The OUTFI LE file can be used asthe PTI NV input file
to the Smkinven program.

5.6.3. Files and Environment Variables

5.6.3.1. Input Files

File Name Format Description
I NFI LE ASCII Input point-source inventory filein IDA format.
I NRECS ASCII Input list of state/county codes and plant IDs. This file format

isasingle concatenated field of state/county code and plant D
with no spaces on each line. For example, to select county 37001
and plant 0001, the line of the | NRECS file must be:

370010001

5.6.3.2. Input Environment Variables

None

5.6.3.3. Output Files

File Name For mat Description

QUTFI LE ASCII Point-source, IDA-formatted inventory file that includes only
the state/county and plant IDs listed in the | NRECS input file
that match the | NFI LE input file.

LOGFI LE ASCII Log generated from executing Extractida

5.7. Geofac
5.7.1. Description

The Geofac program provides a means for adjusting emissions by grid cell after SMOKE has already
created model-ready inputs. For example, the program could be used to zero emissions from al grid cells
that intersect a certain state, which would be a rough approximation of removing that state's inventory
from the model-ready files. Although it ismore accurate to modify the emissionsusing the Cntimat program,
that approach takes longer and is possible only if the SMOKE input files used to create the model ready
emissions are still available. Geofac is useful in situations where speed and simplicity are more important
than the accuracy of the emissions, or when only the gridded model-ready inputs are available and the in-
ventories used to create them are not.
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5.7.2. Processing Order

Geofac readsin agridded 2-D or 3-D SMOKE emissions file (output from the Smkmer ge program) and
multipliesthe emissionswith auser-supplied adjustment factor for each individual speciesinthe emissions
file. The factors are assigned by grid-cell regions, which are defined by the input “mask” file. Each grid
cell either receives the factors or it does not (the mask is simply an on-off switch). The resulting hourly,
gridded, speciated emissions data are output to anew 1/O API file with the same spatial and temporal res-
olution and the same model species with different values.

5.7.2. Processing Order

This optional program can be run after Smkmer ge and before either Mrggrid (if it is being used to merge
several Smkmer ge output files together) or the AQM of interest.

5.7.3. Files and Environment Variables

5.7.3.1. Input Files

File Name

Format

Description

GEQVASK

I/0 APl NetCDF

Gridded, time-independent file that assignsa 1 to any grid cell
whose emissions you want to adjust. The emissions from | N-

FI LEingrid cellsthat have a1l in GEOVASK are multiplied by
thefactor provided in SPECFACS. All other emissionsand grid
cells are untouched.

I NFI LE

I/0 APl NetCDF

Hourly, gridded, speciated inputs from Smkmerge. | NFI LE
should be set to logical filename AGTS [ L] 5],

BGTS [L|S],MGTS _[L]| S],PGTS_[L] 9],

PGTS3D [ L]| S] ,EGTS_[L| S],orEGTS3D [ L| §] , which
are the output files from Smkmer ge.

SPECFACS

ASCII

File that lists the species name and the factor to be applied to
al grid cellswith a1 value in the GEOVASK file. The species
name must be in columns 1-16 and the factor in columns 17-
22. For example, the following SPECFACS file sample would
multiply NO and NO, emissions by 1.3 (30% increase) and
multiply PAR by 0.6 (40% decrease).

NO 1.3
NO2 1.3
PAR 0.6

5.7.3.2. Input Environment Variables

None

5.7.3.3. Output Files

File Name Format Description

LOGFI LE ASCII Log generated from executing Geofac

QUTFI LE I/O API NetCDF  |Hourly, gridded, speciated emissions, adjusted based on GEO-
MASK and SPECFACS.
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5.8. Invsplit

5.8. Invsplit
5.8.1. Description

The I nvsplit program splitsan IDA, SMOKE ORL, or EMS-95 raw inventory fileinto multiple raw invent-
ory files, based on the state codes (the first two digits of the state/county codesin the IDA files). The
number of output filesis set at run time based on the input file that defines the splitting. Up to 80 new files
can be created from a single IDA inventory file, which is more than enough files to split a U.S. inventory
into a separate file for each state. The program works on area, on-road mobile, nonroad mobile, and point
inventories. Separating asingleinventory fileinto multiplefilesalowstheinventory datato be recombined
with other data more easily.

5.8.2. Processing Order

Thisoptional program can be run prior to running the Smkinven program to import the emission inventories.
5.8.3. Files and Environment Variables
5.8.3.1. Input Files

File Name Format Description
ARI NV, MBI NV, or |ASCII Input inventory file; the logical name used depends on the
PTI NV SMK_ SOURCE setting. The ARI NV fileisfor nonpoint (station-

ary area) and nonroad mobile sources, the MBI NV fileisfor
on-road mobile sources, and the PTI NV fileisfor point sources.

SPLI TS ASCII Space-delimited file that liststhe state codes and indicateswhich
output file should include the emissions for that state. Thefirst
column isfor the state codes and the second column is the out-
put file number. In this example, states 1 and 4 will be written
tothe QUTFI LEO1 output file logical name, state 37 to OQUT-
FI LEO2, and state 45 to QUTFI LEO3. The numbersin the
second column need not be sequential.

01 1
04 1
37 2
45 3
5.8.3.2. Input Environment Variables
None
5.8.3.3. Output Files
File Name Format Description
QUTFI LEnn ASCII One or more inventory filesin the same inventory format input

by the ARI NV, MBI NV, or PTI NV input filefor agiven program
run. The actual logical file name of thesefilesisOUTFI LEO1,
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5.9. Layalloc

File Name For mat Description

QUTFI LEO2, QUTFI LEO3, ... OQUTFI LEnn, where nn = the
largest number in the second column of the SPLI TSfile. The
output file names are not necessarily sequential, depending on
whether or not sequential numbers are used in the second
column of the splitsfile.

LOGFI LE ASCII Log generated from executing I nvsplit

5.9. Layalloc

5.9.1.

5.9.2.

5.9.3.

Description

The Layalloc program calculates 3-D emissions from a2-D SMOKE emissionsfile. Layalloc isused to
reallocate single layer 2-D surface layer emissions into multiple model layers. This approach is useful for
processing pre-gridded or industrial areasourceinventoriesthat do not contain stack information for plume
rise treatment but represent elevated sources.

Layalloc readsin agridded 2-D SMOKE emissions file (output from the Smkmer ge program) and redis-
tributes the emissions into multiple model layers based on a user-defined vertical profile. The vertical
profilesthat are input to L ayalloc consist of alayer bottom height, layer top height, and percentage of
emissionsto allocate to the layer. SMOKE willl interpolate from the layer heights (in meters) to the model
layers (in sigma-pressure). This approach assumes that the vertical factors are uniformly applied over all
horizontal grid cells. The resulting hourly, gridded, speciated 3-D emissions data are output to a new 1/0
AP file with the same temporal resolution and the same model species asthe original 2-D emissionsfile.

Processing Order

Thisoptional program can be run after Smkmer ge and before either Mrggrid (if it is being used to merge
several Smkmer ge output files together) or the AQM of interest.

Files and Environment Variables

5.9.3.1. Input Files

File Name Format Description

I NFI LE I/OAPI NetCDF | 2-D hourly, gridded, speciated inputs from Smkmerge. | N-
FI LE should be set to logical filename AGTS [ L] §],
BGTS [L| S],MGTS [L]| S],PGTS_[L]| S],or
EGTS [ L]| §], which are the output files from Smkmerge.

MET _CRO 3D I/O APl NetCDF |Meteorology file contains avariable “ZF" which is full-layer

height above ground (m)
LAYER FRAC ASCII Filethat liststhe layer top and bottom heightsin meter(s) along
TI ON with a percentage factor. For example, the following LAY-

ER_FRACTI ONfile sample would distribute 2-D emissions
into multiple model layers based upon five user-defined layers.

No., Bottom Ht(m), Top Ht(m), Fraction
1, 0, 100, 0. 60

2, 100, 200, 0. 20
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5.10. Metcombine

File Name For mat Description
3, 200, 400, 0.10
4, 400, 600, 0. 07
5, 600, 1000, 0. 03

5.9.3.2. Input Environment Variables

None

5.9.3.3. Output Files

File Name Format Description

LOGFI LE ASCII Log generated from executing L ayalloc

QUTFI LE I/O APl NetCDF | 3-D hourly, gridded, speciated emissions, adjusted based on
LAYER_FRACTI ON.

5.10. Metcombine
5.10.1. Description

M etcombine combines 2-D gridded meteorology datawith the 1st layer of 3-D gridded meteorology data
to create custom files for on-road mobile processing with MOBILES6. To calculate humidity datafor use
in MOBILES, the program Premabl needs temperature, pressure, and water vapor mixing ratio datain the
same meteorology file. Pressure and mixing ratio data are typically found in the MET_CRO_3Dfile with
the variable names PRES and QV, respectively. The MET_CRO 2D file usually contains ground-level
temperatures (TEMPG), 1.5 meter temperatures (TEMP1P5), and 10 meter temperatures (TEMP10). While
it is possible to use air temperature data from the MET_CRO_3Dfile (variable named TA), it is generally
recommended to use temperature data from closer to the ground, i.e. ground or 1.5 meter temperatures
from MET_CRO_2D. Metcombineis used to create custom meteorology files that contain the variables
PRES, QV, and TEMPG (or any other temperature variable).

The program takes two 1/O APl NetCDF gridded meteorology files asinput. The files must have identical
grid paramaters, start dates and times, time steps, and run lengths. M etcombineis generally used to combine
a2-D filewith a 3-D file, but the program is not restricted to that combination; it can be used to combine
two 2-D files or the 1st layers of two 3-D files.

5.10.2. Processing Order

M etcombine can optionally be run before Premobil. If used, M etcombine must be run for each individual
meteorology file you need to create. For example, if you have five days worth of meteorology data as one-
day files, you'll need to run M etcombine five times. If the meteorology variables you wish to use are
already in the samefile, then you do not need to use M etcombine.
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5.10.3. Files and Environment Variables

5.10.3. Files and Environment Variables
5.10.3.1. Input Files

File Name Format Description

MVETFI LE1 I/O APl NetCDF | First gridded meteorology file; can be either a2-D or 3-D file

VETFI LE2 I/O API NetCDF | Second gridded meteorology file; can be either a2-D or 3-D
file

5.10.3.2. Input Environment Variables
* VARLI ST: [default: none]

Setsthe names of the variablesthat will beread from METFI LE1 and METFI LE2. Each variable must
occur in exactly one of the meteorology files, i.e. the same variable cannot be in both files.

5.10.3.3. Output Files

File Name Format Description

QUTFI LE /O API NetCDF | 2-D output meteorology file. Thisfile contains the variables
requested in VARLI ST; for 3-D data, OUTFI LE will only
contain the 1st layer of data. OUTFI LE will have the samegrid
parameters, start date and time, time step, and run length as
METFI LE1 and METFI LE2.

5.11. Metscan
5.11.1. Description

M etscan reads in a single (often annual) temperature I/O APl meteorology datafile (created from either
the MET_CRO _2Dor MET_CRO_3Dfiles) and determines the first freeze date and last freeze date of a
year, by grid cell. It outputs a gridded file with adaily (24-hour) time step that contains asingle variable.
For each grid cell, that variable has avalue of 0 (zero) when the date being modeled indi cates that the cell
isexperiencing winter conditions; otherwiseit hasavalue of 1, indicating summer conditions. The program
can be set to run in the Northern Hemisphere or in the Southern Hemisphere (it will not work on global
meteorology datasets). In the Northern Hemisphere, thefirst freeze datein thefall marksthe start of winter,
and the last freeze date in the spring marks the end of winter; all other days are considered summer days.
The seasons are reversed in the Southern Hemisphere, and the program accommodates this accordingly.

Both the BEIS2 and BEIS3 models operate using the assumption of either winter or summer emission
factors. There are no spring or fall factors available, which is why this program is limited to the choice of
summer or winter. The use of the freeze date to determine summer or winter emission factorsis based on
EPA's recommendation.

The program reads in the name of the temperature variable as an option, so that the ground temperature,
1.5-meter temperature, or 10-meter temperature can be used from the MET_CRO_2Dfile, or the layer-1
temperature can be used from the MET _CRO_3Dfile. See the TMPR VAR option below for moreinform-
ation on the names of the temperature variables that are acceptable.
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5.11.2. Processing Order

5.11.2. Processing Order

M etscan can optionally be used before Tmpbio, which does not require the output from M etscan to run.
M etscan isneeded only when users wish to have Tmpbio automatically switch between winter and summer
emission factors by grid cell. This approach is recommended when processing time periods and modeling
domains include temperatures below 32 °F either for a substantial number of days relative to the number
of episode days or at critical datesin the episode.

5.11.3. Files and Environment Variables
5.11.3.1. Input Files

File Name Format Description

MET _CRO 3D I/O APl NetCDF |Meteorology filethat can bea2-D or 3-D file (though thelogic-
al file name is the samein both cases) and needs to include all
dates in the modeling period. For example, for an annual
SMOKE run this file would need to have al hours of the year.
Thefile can be created by extracting one or more temperature
variables (at aminimum, the one you intend to use) out of the
MET_CRO 2Dor MET_CRO_3Dfiles output by the MCIP or
MCPL programsusingthem3xtract I/OAPI utility and append-
ing all days of datainto the samefile.

The m3xtract utility documentation is provided with the 1/0
API, but we provide someinformation here. The utility expects
input logical file name | NFI LE and creates output logical file
name OUTFI LE. It prompts for the start date, start time, dura-
tion, and variables that you want to extract from the | NFI LE.
If OUTFI LE aready exists, m3xtract appends additional data
to the file (assuming that the grid is the same and the time
period is sequential).

5.11.3.2. Input Environment Variables

« TMPR_VAR [default: TA]

Setsthe name of thetemperature variable that will beread fromthe MET_CRO_3Dinput file. Acceptable
values for MCIP and MPCL outputs available at the time of thiswriting are TA (ambient layer-1 tem-
perature from the MET_CRO_3Dfile), TEMP10 (10-meter temperature from the MET _CRO_2Dfile),
TGD (ground temperature), TGRND (ground temperature), and TEMP1P5 (1.5-meter temperature).
Current guidance from EPA suggests that a 10- to 20-meter temperature is the best choice for the
temperatureinput to BEIS2 or BEIS3, to account for the fact that these models do not include a canopy
model.

« N_S_HEM : [default: NORTH]

Sets the program to run for the Northern or Southern Hemisphere. Acceptable values for this setting
are

« NORTH: Northern Hemisphere. Program starts July 1 and scansdatain reverse chronological order
to find the last freeze date and in chronological order to find the first freeze date.
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5.12. Pktreduc

e SOUTH: Southern Hemisphere. Program starts January 1 and scans datain chronological order to
find thefirst freeze date. It al so starts December 31 and scansthe datain reverse chronological order
to find the last freeze date.

5.11.3.3. Output Files

File Name Format Description

Bl OSEASON I/O APl NetCDF | For each grid cell, contains O for winter datesand 1 for summer
(nonwinter) dates. Thefile's duration will be aslong as that of
the input meteorology file you provide.

LOGFI LE ASCII Log generated from executing M etscan

5.12. Pktreduc
5.12.1. Description

The Pktreduc program reducesthe size of growth packets (using the/PROJECTION/ packet inthe GCNTL
file), but keeps the same information. This is done by identifying and implementing state defaults where

possible. This program works solely with growth packets that have state/county and SCC entries only; it

will not work if the packet contains SIC, MACT, or pollutant codes.

The program identifies the most common growth factor for each state across the many counties for each
SCC, and thisfactor is assigned as the default for the state/SCC combinations. The county/SCC-specific
entries are left asis. In thisway, the contents of the file are the same as far as SMOKE is concerned, but
thefile processesthrough Cntimat much faster because the growth packet is much smaller. It isacceptable
if state defaults are already in thefile, and Pktreduc will leave these untouched. When state defaults are
found for astate (i.e., county codeis set to 000), the program skips reductions for that state and no changes
are made (even if they could be).

5.12.2. Processing Order

The Pktreduc program is an optional preprocessor for the GCNTL input file to Cntimat when processing
growth packets.

5.12.3. Files and Environment Variables
5.12.3.1. Input Files

File Name Format Description

GCNTL ASCII Growth and controlsfilethat includes only the/PROJECTION/
packet. The other packetsthat are normally acceptable asinput
to Cntlmat (see Section 8.6.1, “GCNTL: Filesfor controls
and/or past- and future-year growth” [430]) should not be in-
cluded in thisfilewhen it is an input to Pktreduc. In addition,
the /PROJECTION/ packet entries can include only
state/county/SCC combinations; no combinations that include
SIC, MACT, or pollutant codes or other fields should be in-
cluded.
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5.13. Smk2emis

5.12.3.2. Input Environment Variables

None

5.12.3.3. Output Files

File Name For mat Description

GCNTL_QOUJT ASCII Reformatted GCNTL filethat includes only the/PROJECTION/
packet for inventory growth. The reformatting performed is
described in Section 5.12.1, “Description” [219].

LOGFI LE ASCII Log generated from executing Pktreduc

5.13. Smk2emis
5.13.1. Description

The Smk2emis program converts SMOKE 1/O API gridded, mole-speciated, hourly emissionsinto the
Fortran-binary format used for 2-D emissions by UAM, CAMy, and REMSAD. Files of thisformat use
the UAM keyword “EMISSIONS’. The SMOKE user isresponsible for preparing the [/O APl inputs with
the appropriate chemical species, grid structures, time steps, and units for use in whatever model will be
using the results of Smk2emis.

5.13.2. Processing Order

Smk2emisinputsthe /O API gridded, speciated, hourly emissionsfiles output from Smkmerge (AGTS_L,
MSTS L, PGTS L, or EGTS L) or output from Tmpbio (BGTS_L). Therefore, Smk2emis must be run
after Smkmer ge and/or Tmpbio.

5.13.3. Files and Environment Variables
5.13.3.1. Input Files

File Name For mat Description
[ABMAEGIS LII/OAPI NetCDF |SMOKE 2-D gridded, mole-speciated, hourly emissionsfile.
VNAMVAP ASCII Optional file for renaming variables from those in the [/O AP

file header to those needed by the AQM. See the
SMK2EM S_VMAP_ YN environment variable below.

5.13.3.2. Input Environment Variables
* FLABEL: [default: EMISSIONS (currently the only working option)]

Defines what type of UAM/REM SAD/CAM file to output. This setting cannot be adjusted by the
user, because the current version of Smk2emis can generate only the “EMISSIONS’ file.

* SMK2EM S_VNAP_YN: [default: N]

220



5.13.3. Files and Environment Variables

Controls whether the name remapping file will be read in, to cause Smk2emis to output different
variable namesthan areintheinput file. Thisis needed for using UAM-AERO, which requires symbols
in the variable names (such as“.”, “+”, and “-") that are not permitted in 1/O API file variable names.

* Y: Usethe VNAMVAP file

* N: Do not use the VNAMVAP file

SMK_SOURCE: [default: none]

Defines the type of sourcesto be processed. Valid values are:
* A:Areasources

* B: Biogenic sources

M: On-road mobile sources
e P: Point sources
e E: All emissions sources (determined by how Smkmer ge was run)

In Smk2emis, this variable controls the name of the input NetCDF logical file and the name of the
output binary logical file. Unlike in most other SMOKE programs, for this program SIVK_SOURCE
canbesetto“E” toindicate that the“ every” source category merged file (EGTS_L) should be converted
from 1/O API to Fortran-binary format.

UTM_ZONE: [default: -9]
DefinesUTM zone for the header of the UAM EMISSIONSfile,
e -9 Latitude-longitude projection
UAM LAYERS: [default: NLAY S3D]
Defines number of layersin output file
¢ NLAYS3D: Vaue from SMOKE netCDF input file
UAMA_LAYBELOW [default: O]
Defines number of layers below diffusion break
* 0: UAM-V or CAMy style
o >0: UAM-1V style
UAMA_LAYABOVE: [default: O]
Defines number of layers above diffusion break
* 0: UAM-V or CAMy style
>0: UAM-1V style
UAMA_HTSFC: [default: 0.0]

Defines height of surface layer
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5.14. Surgtool

e 0.0: UAM-V or CAMy style
o >0.0: UAM-IV style
«  UAMA_HTLOWR: [default: 0.0]
Defines minimum height of cells between surface layer and diffusion break (meters)
e 0.0: UAM-V or CAMy style
e« >0.0: UAM-IV
« UAWA_HTUPPR [default: 0.0]
Defines minimum height of cells between diffusion break and top of region(meters)
e 0.0: UAM-V or CAMy style
e >0.0: UAM-IV
e UAM NOTE: [default: UAM gridded emissions from SMK2EMIS]

Defines the note to be written to the header of the UAM, REMSAD, or CAMy output file

5.13.3.3. Other Inputs

If you are running Smk2emis interactively, the following inputs will be requested. The default values for
these are set by the time variablesfound in theinput I/0 API file header. If you are not running Smk2emis
interactively, the values of these settingswill be taken from the input file being converted to Fortran-binary
format, so no action from you is required.

o Start date: Starting date of simulation in Julian (DDDY Y YY) or Gregorian (MMDDY YY) formats
» Start Time: Starting time of simulationin HHMMSS.

» Duration: Simulation duration in hours.

5.13.3.4. Output Files

File Name Format Description
LOGFI LE ASCII Log generated from executing Smk2emis
UM[ A B M § @S Fortran binary UAM-IV-, UAM-V- or CAM-ready gridded, hourly emissions.

5.14. Surgtool
5.14.1. Description

The Surgtool program inputs SMOK E-formatted gridding surrogates for a“fine” input grid and agrid
definition for a“coarse” output grid. It produces an approximate “ coarse” grid surrogatesfile, the accuracy
of which depends on how fine the resolution of the input grid isrelative to that of the output grid.

The program requires that the input and output grids use alat-lon, Lambert Conformal, or UTM map pro-
jection. Surgtool can also perform Lambert-to-Lambert and UTM zone-to-zonetransformations. In addition,
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5.14.2. Processing Order

the program requires that the input grid resolution be much finer than the output grid resolution (at least
three times finer is recommended, though no specific limitation is given by the code). Surgtool supports
SMOK E-formatted surrogate coefficient files only.

5.14.2. Processing Order

Since Surgtool is an optional program that creates new Area, Mobile and/or Biogenic BGPRO spatial sur-
rogate filesfrom existing Area, Mobile and/or Biogenic BGPROspatial surrogatefiles, it must berun before
any of the following programs that use these files: Grdmat, Rawbio, and Smkmerge.

5.14.3. Files and Environment Variables
5.14.3.1. Input Files

File Name Format Description

GRI DDESC ASCII Grid descriptionsfile that defines the output grid for the output
surrogatesfile created by the program. It must include the name
of the grid set by the | OAPI _GRI DNAME_1 environment
variable setting.

I NFI LE ASCII Areaand Mobile spatial surrogatefile format (see Section 8.4.2,
“Areaand Mobile Spatial SurrogatesFiles’ [421]) and Biogenic
spatial surrogate file format (see Section 8.4.5, “BGPRQC: Bio-
genic spatial surrogate file” [423]). File can be for Lambert
Conformal, UTM, or lat-lon projection.

5.14.3.2. Input Environment Variables
* | OAPI _GRI DNAME_1: [default: blank]

This variable sets the name of the output grid definition to be read from the GRI DDESC input file. The
name can be a maximum of 16 characters (the limitation of 1/0 APl grid names).

5.14.3.3. Output Files

File Name Format Description
LOGHI LE ASCII Log generated from executing Sur gtool
QUTFI LE ASCII Estimated surrogates file for the grid defined in GRI DDESC

and selected by the | OAPI _GRI DNAVE_1 setting. This sur-
rogates file is not as accurate as creating a spatial surrogates
file from the MIMS spatial allocator. However, the finer the
Surgtool input grid isrelative to the output grid, the more ac-
curate the estimated surrogates are.

5.15. Uam2ncf
5.15.1. Description

The Uam2ncf program takes UAM (or REMSAD or CAMy) EMISSIONS gridded files and creates an
I/0 API gridded file from them, which can then be merged with other gridded SMOKE I/O AP files. This
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5.15.2. Processing Order

program is useful for converting area, nonroad mobile, on-road mobile, and biogenic UAM-ready filesto
the /O API format needed for CMAQ or MAQSIP. Uam2ncf can also be used with low-level point sources,
but not with the elevated-point-source inputs for UAM, REMSAD, and CAM.

If you wish to create CMAQ or MAQSIP inputs from model-ready emissions for UAM, REMSAD, or

CAMy, you must take the following steps:

1. UseUam2ncf to convert individual source categories for area, biogenic, and mobile sourcesto 1/0

API format.

2. Run SMOKE for point-source inventory to create 3-D I/O AP file.

3. RunMrggrid to combine converted inventory for nonpoint sources with SMOK E-created inventory
for point sources.

5.15.2. Processing Order

Because this optional program operates on model-ready files, it is run before the CMAQ or MAQSIP air

quality model.

5.15.3. Files and Environment Variables

5.15.3.1. Input Files

File Name

Format

Description

GRI DDESC

ASCII

Grid descriptionsfilethat definestheinput grid in the UAVEM S
file. Thisis needed because the UAMEM S file does not include
enough information to describe the grid for the /O API. The
file must include the name of the grid set by the

| OAPI _GRI DNAME_1 environment variable setting.

UAMEM S

Fortran binary

UAM-ready, gridded, hourly, speciated emissions file.

5.15.3.2. Input Environment Variables

« | OAPl _GRI DNAME_1: [default: blank]

This variable sets the name of the input (and output) grid definition to be read from the GRI DDESC
input file. The name can be a maximum of 16 characters long (the limitation of 1/0 API grid names).

5.15.3.3. Output Files

File Name Format Description

E2DNCF: I/OAPI NetCDF | Gridded, hourly, speciated emissionsin the I/0 API format
needed for CMAQ or MAQSIP.

LOGFI LE ASCII Log generated from executing Uam2ncf
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Chapter 6. SMOKE Core Programs
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6.1. Overview

Figure 6.1, “SMOKE core programs’ [226] showsthe SMOKE core programs and how they relate to each
other. We define the core programs as those needed for the actual emissions processing; we exclude QA
and utility programs such as Smkreport (these programs are discussed in Chapter 7, SMVOKE Quality As-
surance [327] and Chapter 5, SMOKE Utility Programs [207]). The lines between the boxes represent one
or more files passing between the programs, and show the dependencies among the programs. Note that
we have omitted some redundant file dependencies to make the diagram easier to understand (for example,
Premobl depends on the output from Grdmat; however, since Premobl also depends on the output from
Mbsetup which in turn depends on Grdmat, the relationship between Grdmat and Premobl isimplied).
Unless otherwise noted, the SMOKE core programs are applied for the anthropogeni ¢ source categories:
area-, mobile-, and point-source processing (biogenic processing follows a separate path from the other
source categories). When a program that applies to multiple source categoriesis used, it can be run for

only

one source category at atime, with the exception of Smkmerge and Mrggrid.
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6.1. Overview

Figure 6.1. SMOKE core programs
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The Smkinven program, at left in Figure 6.1, “ SMOKE core programs’ [226], isresponsible for importing
the stationary area/non-point, nonroad, on-road mobile, and point source inventory emissions data. For
mobile sources, Smkinven can also import activity datain the form of VMT and vehicle speed for usein
generating emission factors. For point sources, Smkinven can also import day- and hour-specific data.
The output from Smkinven is used as input to nearly every other core SMOKE program.

Also at |eft, the Rawbio program imports the county or gridded land use data and computes normalized
(time-independent) biogenic emissions.

As an dternative to BEIS2 processing using Rawbio, SMOKE is capable of using the BEIS3 model. In
this type of processing, Nor mbeis3 creates gridded, normalized biogenic emissions from land use and
biogenic emissions factors.
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6.1. Overview

Grdmat creates the gridding matrix for the anthropogenic source categories. Also, for mobile sourcesthe
Grdmat program creates an ungridding matrix used by M bsetup, Premobl, and Emisfac when emission
factors are being generated.

Mbsetup groups mobile sources by road type, speed, and county in preparation for running Premobl and
Emisfac.

If meteorology dataare input for mobile-source processing, Premobl processesthese data, creating hourly
temperature and relative humidity profiles by county that are used by Emisfac to compute mobile-source
emission factors.

Emisfac computes emission factors for a variety of emission processes; these factors are needed when
VMT data are used as input for mobile sources. M bsetup, Premabl, and Emisfac are skipped if only
emissions data are imported for mobile sources.

The Temporal program is used to create an hourly emissionsfile for the anthropogenic source categories.
It can read in day-specific and hour-specific data, and merge this with estimated daily and hourly data
created from the annual emissions data using temporal profiles. For mobile sources, Tempor al can compute
hourly emissions using the daily VMT, temporal factors (monthly, day-of-week, and hourly), and the
emission factors from Emisfac. If VMT are not used, then the emissions from Smkinven are combined
with the temporal factors, and the emission factors are not used at all.

Elevpoint preprocesses the selected PinG and major point sources. Elevpoint is not used when no PinG
or major point sources need to be defined. In this case, SMOKE can create elevated emissionsfor al point
sources, so there is no need to specifically indicate the major point sources.

L aypoint computes the plume rise for al point sources based on the meteorology data.

Spcmat creates the speciation matrices (both mass and molar) for the anthropogenic source categories. It
uses the user-sel ected chemical mechanism.

Cntlmat creates the growth matrices, multiplicative control matrices, and reactivity control matrices for
the anthropogenic source categories. This program is not used for base-year emissions without controls.

Grwinven isused to grow the emissionsto past or future years using the growth matrix created by Cntlmat
and theimported inventory datafrom Smkinven. It writesboth SMOKE inventory format (I/O APl NetCDF)
and IDA format. The output from Grwinven is used in place of the original output from Smkinven when
processing past or future years.

Tmpbio applies meteorology adjustments to the gridded, normalized biogenic emissions from Rawbio.
It also applies the speciation factors needed for the user-sel ected chemical mechanism to create gridded,
hourly, model-species biogenic emission filesfor usein Smkmergeor Mrggrid. The Rawbio and Tmpbio
programs taken together are the equivalent of SMOKE-BEIS2.

Tmpbeis3 applies meteorology adjustmentsto the normalized emissions created by Nor mbeis3. Tmpbeis3
also applies the speciation profiles needed for the user-selected chemical mechanism to create gridded,
hourly, model-species biogenic emissions data for use in Smkmerge and Mrggrid. The Normbeis3 and
Tmpbeis3 programs taken together are the equivalent of SMOKE-BEIS3.

Smkmergeis used to combine all emissions and matrices to create the gridded, hourly, model-species
emissions needed for an AQM. It can merge for one source category at atime or all source categories at
once, and it can read in the model-ready biogenic emissions to merge with the anthropogenic source cat-
egories. It can merge the matrices with the inventory data output from Smkinven or the hourly emissions
from Temporal, and it can optionally merge the speciation, gridding, or control matrices, or any combin-
ation. It also writes state and county emissions totals.
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6.2. Cntlmat

Mrgelev isused to combine ASCII elevated files created by Smkmer ge. These files contain point-source
data needed by AQMs including CAMx, REMSAD, and UAM models.

Mrggrid is used to combine gridded emission data files, which can be speciated or non-speciated, and
hourly or time-independent. It can combine a 3-D point source file with any number of 2-D files from
other source categories. This program is optiona and provides a convenient way to merge model-ready
output files outside of Smkmerge.

M etdmovesis used to create min/max temperatures and averaged rel ative humidity for both SMOKE and
MOVES, and computes average 24-hour temperature profiles for usein MOVES.

Movesmrg is a new, MOV ES-mobile-sources-only program loosely based on Smkmer ge, that combines
the intermediate files produced by the other SMOKE programs used in the SMOKE-MOVES integration
toal.

In the remaining sections of this chapter, we provide detailed program descriptions, in alphabetic order.

6.2. Cntimat
6.2.1. Description

Processing categories: area, mobile, point

The CntImat program uses control packetsto create agrowth matrix, and/or amultiplicative control matrix,
and/or areactivity control matrix. Cntlmat allows seven different control packet types: /IMACT/, /CON-
TROL/,/EMS_CONTROL/, /CTG/, /IALLOWABLE/, IREACTIVITY/, and /PROJECTION/. The format
of each packet typeis given in Section 8.6.1, “GCNTL: Filesfor controls and/or past- and future-year
growth” [430].

»  Growth matrix - This contains past- or future-year growth factors for all sources.

e Multiplicative control matrix - Thismatrix containsthe combination of varioustypes ofcontrolstypically
used in emissions processing: CTG, MACT, RACT, control efficiency, rule effectiveness, rule penet-
ration, allowable emissions, and caps. The logic used when applying this matrix is described below
this bulleted list.

» Reactivity matrix - This matrix contains the information needed for applying reactivity controls.

6.2.1.1. Application Logic for the Multiplicative Control Matrix

The multiplicative matrix isbuilt from entriesin four packets. IMACT/, /CONTROL/ or [EMS CONTROL/,
/ICTG/, and /ALLOWABLE/. The packets are applied in the following order:

e IMACT/

* /CONTROL/ or /EMS_CONTROL/ (cannot use both at same time)
e /CTG/

 /ALLOWABLE/

With the exception of the /CONTROL/ packet, all controls are always applied in addition to one another.
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6.2.1. Description

6.2.1.1.1. /MACT/ packet

The/MACT/ packet is designed to support the primary MACT controls needed for toxics processing. It is
applied first, and uses the following logic. When a source is found that matches a/MACT/ packet entry
(source matching isaddressed in Section 6.2.1.2, “ Source Matching Hierarchy” [231]), CntImat first cal cu-
lates ainventory efficiency value (Eff;y,,) for that source based on the control efficiency (Cg), rule effect-
iveness (Re), and rule penetration (Rpeq) provided in the inventory:

Effiny = Cer [inventory] X Re [inventory] x Rpe, [inventory]

Next, a control factor is calculated for existing sources (Face) Using the control efficiency of existing
sources (Effoig) and fraction of new sources (Frac,q,) provided in the /IMACT/ packet entry. If Eff g >
Effiny, then Faceq IS calculated as:

FaCevist = (1 - Fracngy) X (1 - Effegis) / (1 - Effip))
Otherwise,
FaCexist = (1 - Fracnay)

CntImat then calculates a control factor for new sources (Fac,g,) Using the control efficiency of new
sources (Eff,qy) provided in the /IMACT/ packet. If Eff g, > Effi,, then

FaCpay = Fracay X (1 - Effyay) / (1 - Effi))
Otherwise,
FaChey = FraCnay

Finally, the new and existing source factors are summed to compute the final /M ACT/ packet control factor
(Fatmacr)-

FaCtmact = FaCuist + FaChaw

The /MACT/ packet is designed to be used only for sources with MACT codes, currently nonpoint and
point toxic sources.

6.2.1.1.2. /CONTROL/ packet

After processing the /IMACT/ packet, the /CONTROL/ packet is applied using the following logic. Each
entry in the /CONTROL/ packet can be identified as “replacement” or “additive”. If set to “replace’, the
/CONTROL/ entry will be used to replace the controls from the /IMACT/ packet or the base-year inventory
controls; otherwise, the control will be applied in addition to the controls from the IMACT/ packet or the
base-year inventory controls. When the controls are replaced, the default behaviour of Cntimat isto back
out the existing controls and apply the replacement controls. Usually, users want to do this only when the
replacement controls are more stringent (i.e., agreater reduction) than the /MACT/ packet or base-year
controls - so thisisthe default behaviour of Cntlmat. This default behaviour can be changed by setting
the value of COVPARE_REPLACE_CONTROL to "N" in your run script. In this case, the replacement
controls will be applied regardless of the existing controls from the base invetory or the /MACT/ packet,
which could result in increased emissions.

When an “additive” entry is matched to asource, the/lCONTROL/ packet factor (FacconTroL) the control
packet information is applied in addition to the exitsing controls, which further reduce the remaining
emissions.
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6.2.1. Description

For “additive” control packet entries, the control factors are calculated from the control efficiency, rule
effectiveness, and rule penetration values provided in the /CONTROL/ packet entry as follows:

FacconTroL = (1 - Cer [Packet] X Rt [packet] X Roen [packet])
A cumulative control factor Fac,eq; is then calculated by multiplying Faceyiging X FaCconTroL -

In the case of “additive” controls only, The overall reduction factor is then used to calculate an overall
new control efficiency to be put in any resulting inventory files as: Cy; [result] = 1 - Faceqyt - Thefinal
Rule Penetration and Rule Effectiveness values are then set to 100%.

For “replacement” entries, Cntlmat first “backs out” the existing controls provided in the inventory from
the control values provided in the /CONTROL/ packet entry as follows:

D = (1 - Cys [inventory] X R [inventory] x Roe, [inventory])

If D = 0.0, then the backout value, B, is equal to 0; otherwise, B = 1/D. Using this backout value, the
/CONTROL/ factor is calculated as

FacconTroL = B X (1 - Cet [packet] X Ryt [packet] X Ryen [packet])

Unlike “additive” entries, the FacconTroL Value for “replacement” entries replaces the factor cal culated
fromthe/MACT/ packet or base year inventory (if any). The/CONTROL/ packet can be applied to stationary
area/nonpoint, nonroad, on-road mobile, and point sources. On-road mobile sourceinventories do not include
control efficiency, rule effectiveness, or rule penetration fields. However, the/CONTROL/ packet can still
be used to apply adjustment factors to maobile sources. In this case, B in the above formulawill be 1 when
computing factor FacconTroL that is applied to the emissions.

6.2.1.1.3. /EMS_CONTROL/ packet

The/EMS_CONTROL/ packet is processed in avery similar way as “replacement” entriesin the /CON-
TROL/ packet, with three differences:

1. Thebase-year inventory control efficiency, rule effectiveness, and rule penetration values are not
provided with the base-year inventory emission input filesin EMS-95 format. Instead, these base-
year values are provided as part of the control packet values (seethe/EMS_CONTROL/ packet
format). The base-year controls are “backed out” before the future-year controls from the
/IEMS_CONTROL/ packets are applied.

2. The/EMS CONTROL/ packet containsa“control adjustment factor” field, which overridesall other
values in the packet. This override feature allows the user to precompute the control factor needed
for each record instead of using the formulalisted above for application of the controls. When a control
adjustment factor is provided, the control efficiency, rule effectiveness, and rule penetration from
both the base case and the future year are completely ignored.

3. Thefactor computed from the/EMC_CONTROL/ packet will be applied in addition to any factors
computed from the /IMACT/ packet.

6.2.1.1.4. /ICTG/ packet

The /CTG/ packet is processed next, as follows. The emission value (after application of /MACT/, /CON-
TROL/, and/or [EMS CONTROLY/) is compared to the cutoff value specified as part of the /CTG/ packet
record. If the emission value exceeds the cutoff value, then the control technology factor is applied to the
emissions. If the resulting emissions value still exceeds the cutoff value, then either the MACT or the
RACT factor isused. The MACT factor isused if it isdefined (i.e., greater than zero); if it is not defined
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6.2.1. Description

(lessthan or equal to zero), then the RACT factor isused. If neither the MACT nor RACT are defined, but
the emissions are still greater than the cutoff, then the emissions are set to the cutoff value.

6.2.1.1.5. /ALLOWABLE/ packet

Finally, the /ALLOWABLE/ packet is processed. The entries in this packet override the/MACT/, /CON-
TROL/,/EMS CONTROL/, and /CTG/ packets. The way this packet is applied depends on whether or not
the Cap and Replace values in the packet are defined (greater than zero).

If the Cap value is defined, Cntimat compares the inventory emissions value to the Cap value, and
sets a control factor, using the following procedure: If both the Cap and Replace values are defined,
this control factor is the Replace value divided by the original emissions value. If only the Cap value
is defined, the factor is the Cap value divided by the original emissions value.

If the Cap value is not defined, then the factor is the Replace value divided by the original emissions
vaue.

If neither the Cap nor Replace values are defined, the packet entry isinvalid and isignored.

6.2.1.2. Source Matching Hierarchy

To match each sources with the appropriate control packet entry, Cntlmat uses a hierarchy of source
characteristics, trying to match each source to the most specific control packet entry. Note that not al
combinations are applicable to all control packets (for example, thereisno MACT code associated with
the/PROJECTION/ packet). “Left x of SCC” refersto an 8- or 10-digit SCC with al digits except thefirst
x set to 0. “Left 2 of SIC code” refersto a4-digit SIC code with the third and fourth digits set to 0.

For point sources, the following hierarchy is used, in order of most specific to least specific.

BOONoOAWDNER

NNNNNNRPRRRRRRRR
ARONPOO®NDONRWNPRO

Country/State/County code, plant ID, point ID, stack 1D, segment ID, 8-digit SCC code, pollutant
Country/State/County code, plant ID, point ID, stack ID, segment ID, pollutant
Country/State/County code, plant ID, point ID, stack ID, pollutant

Country/State/County code, plant ID, point ID, pollutant

Country/State/County code, plant ID, 8-digit SCC code, pollutant

Country/State/County code, plant ID, MACT code, pollutant

Country/State/County code, plant I1D, pollutant

Country/State/County code, plant ID, point ID, stack ID, segment ID, 8-digit SCC code
Country/State/County code, plant ID, point ID, stack ID, segment ID

Country/State/County code, plant ID, point ID, stack ID

. Country/State/County code, plant ID, point ID

Country/State/County code, plant ID, 8-digit SCC code
Country/State/County code, plant ID, MACT code
Country/State/County code, plant ID

Country/State/County code, MACT code, 8-digit SCC code, pollutant
Country/State/County code, MACT code, pollutant

Country/State code, MACT code, 8-digit SCC code, pollutant
Country/State code, MACT code, pollutant

MACT, 8-digit SCC code, pollutant

MACT, pollutant

. Country/State/County code, MACT code, 8-digit SCC code
. Country/State/County code, MACT code
. Country/State code, MACT code, 8-digit SCC code

Country/State code, MACT code
MACT code, 8-digit SCC code
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26. MACT code

27. Country/State/County code, 4-digit SIC code, pollutant
28. Country/State/County code, left 2 of SIC code, pollutant
29. Country/State code, 4-digit SIC code, pollutant

30. Country/State code, left 2 of SIC code, pollutant

31. 4-digit SIC code, pollutant

32. Left 2 of SIC code, pollutant

33. Country/State/County code, 4-digit SIC code

34. Country/State/County code, left 2 of SIC code

35. Country/State code, 4-digit SIC code

36. Country/State code, left 2 of SIC code

37. 4-digit SIC code

38. Left 2 of SIC code

39. Country/State/County code, 8-digit SCC code, pollutant
40. Country/State/County code, |eft 6 of SCC code, pollutant
41. Country/State/County code, left 3 of SCC code, pollutant
42. Country/State/County code, left 1 of SCC code, pollutant
43. Country/State code, 8-digit SCC code, pollutant

44. Country/State code, left 6 of SCC code, pollutant

45. Country/State code, left 3 of SCC code, pollutant

46. Country/State code, left 1 of SCC code, pollutant

47. 8-digit SCC code, pollutant

48. Left 6 of SCC code, pollutant

49. Left 3 of SCC code, pollutant

50. Left 1 of SCC code, pollutant

51. Country/State/County code, 8-digit SCC code

52. Country/State/County code, |eft 6 of SCC code

53. Country/State/County code, left 3 of SCC code

54. Country/State/County code, left 1 of SCC code

55. Country/State code, 8-digit SCC code

56. Country/State code, left 6 of SCC code

57. Country/State code, left 3 of SCC code

58. Country/State code, left 1 of SCC code

59. 8-digit SCC code

60. Left 6 of SCC code

61. Left 3 of SCC code

62. Left 1 of SCC code

63. Country/State/County code, pollutant

64. Country/State/County code

65. Country/State code, pollutant

66. Country/State code

67. Pollutant

For nonpoint/stationary area sources, the following hierarchy is used. Nonpoint SCCs can have either 8 or
10digits, which iswhy there are two separate SCC levels mentioned for each of the SCC-based assignments.

Country/State/County code, MACT code, 8- or 10-digit SCC code, pollutant
Country/State/County code, MACT code, pollutant

Country/State code, MACT code, 8- or 10-digit SCC code, pollutant
Country/State code, MACT code, pollutant

MACT code, 8- or 10-digit SCC code, pollutant

MACT code, pollutant

Country/State/County code, MACT code, 8- or 10-digit SCC code
Country/State/County code, MACT code

NG~ WNE
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9.

10.
11
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49,
50.
51.
52.
53.

Country/State code, MACT code, 8- or 10-digit SCC code
Country/State code, MACT code

MACT code, 8- or 10-digit SCC code

MACT code

Country/State/County code, 4-digit SIC code, pollutant
Country/State/County code, left 2 of SIC code, pollutant
Country/State code, 4-digit SIC code, pollutant
Country/State code, left 2 of SIC code, pollutant

4-digit SIC code, pollutant

Left 2 of SIC code, pollutant

Country/State/County code, 4-digit SIC code
Country/State/County code, left 2 of SIC code
Country/State code, 4-digit SIC code

Country/State code, left 2 of SIC code

4-digit SIC code

Left 2 of SIC code

Country/State/County code, 8- or 10-digit SCC code, pollutant
Country/State/County code, |eft 6 or left 7 of SCC code, pollutant
Country/State/County code, |eft 3 or |eft 4 of SCC code, pollutant
Country/State/County code, left 1 or left 2 of SCC code, pollutant
Country/State code, 8- or 10-digit SCC code, pollutant
Country/State code, left 6 or |eft 7 of SCC code, pollutant
Country/State code, left 3 or |eft 4 of SCC code, pollutant
Country/State code, left 1 or |eft 2 of SCC code, pollutant
8- or 10-digit SCC code, pollutant

Left 6 or left 7 of SCC code, pollutant

Left 3 or left 4 of SCC code, pollutant

Left 1 or left 2 of SCC code, pollutant
Country/State/County code, 8- or 10-digit SCC code
Country/State/County code, |eft 6 or left 7 of SCC code
Country/State/County code, |eft 3 or left 4 of SCC code
Country/State/County code, left 1 or left 2 of SCC code
Country/State code, 8- or 10-digit SCC code
Country/State code, left 6 or |eft 7 of SCC code
Country/State code, left 3 or |eft 4 of SCC code
Country/State code, left 1 or |eft 2 of SCC code

8- or 10-digit SCC code

Left 6 or left 7 of SCC code

Left 3 or left 4 of SCC code

Left 1 or left 2 of SCC code

Country/State/County code, pollutant
Country/State/County code

Country/State code, pollutant

Country/State code

Pollutant

On-road mobile and nonroad sources are matched to the control packet entries using the following hierarchy:

oukwbdpE

Country/State/County code, 10-digit SCC code, pollutant
Country/State/County code, left 7 of SCC code, pollutant
Country/State/County code, left 4 of SCC code, pollutant
Country/State/County code, left 2 of SCC code, pollutant
Country/State code, 10-digit SCC code, pollutant
Country/State code, left 7 of SCC code, pollutant
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6.2.2.

7. Country/State code, left 4 of SCC code, pollutant
8. Country/State code, left 2 of SCC code, pollutant
9. 10-digit SCC code, pollutant

10. Left 7 of SCC code, pollutant

11. Left 4 of SCC code, pollutant

12. Left 2 of SCC code, pollutant

13. Country/State/County code, 10-digit SCC code
14. Country/State/County code, left 7 of SCC code
15. Country/State/County code, left 4 of SCC code
16. Country/State/County code, left 2 of SCC code
17. Country/State code, 10-digit SCC code

18. Country/State code, left 7 of SCC code

19. Country/State code, left 4 of SCC code

20. Country/State code, left 2 of SCC code

21. 10-digit SCC code

22. Left 7 of SCC code

23. Left 4 of SCC code

24. Left 2 of SCC code

25. Country/State/County code, pollutant

26. Country/State/County code

27. Country/State code, pollutant

28. Country/State code

29. Pollutant

Processing Order

Smkinven must be executed before Cntlmat.

Cntlmat must be executed before Smkmer ge. Cntlmat also needsto berun prior to the Grwinven program,
which requires at least one growth or control matrix to be run.

Cntlmat is an optional program that needs to be run only when controlled emissions are needed for the
AQM.
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6.2.3. Files and Environment Variables

Figure 6.2. Cntimat input and output files

---------------- | If using /MACT/, /CONTROL/
[A[M|P]CREP ! or /EMS_CONTROL/, /CTG/,
---------------- and/or /ALLOWABLE/ packet

[AREA |MOBL | PNTS ]

1
[A|M|P]PMAT |
_______________ - If using /PROJECTION/ packet
________________ .
GCNTL . [A|M|P]PROJREP .

________________

If using /REACTIVITY/packet ~ \\ \ \,r---------=-=----

If using /REACTIVITY/ packet

________________

________________

LOGFILE

C Program ) | File Shows input or output

________

Figure 6.2, “Cntlmat input and output files’ [235] showstheinput and output filesfor the Cntlmat program.
The input files are the inventory file output from Smkinven (either AREA, MOBL, or PNTS), the control
packets file (GCNTL), and the speciation profiles file (GSPRO) if there are reactivity controls (using the
IREACTIVITY/ packet).

If the GCNTL file contains/IMACT/, /ICONTROL/ or /EMS_CONTROL/, /CTG/, and/or /ALLOWABLE/
packets, Cntimat outputs a multiplicative control matrix file (ACMAT, MCMAT, or PCMVAT), areport of
multiplicative controls (ACREP, MCREP, or PCREP), and areport of all multiplicative controls applied to
theinventory (ACSUVREP, MCSUMREP, or PCSUMREP). Cntimat also outputsawarning file (ACTLWARN,
MCTLWARN, or PCTLWARN) regardless of which packets are used.

If the GCNITL file containsa/PROJECTION/ packet, CntImat outputsagrowth matrix file (APMAT, MPMVAT,
or PPVAT) and a growth report (APRQJ REP, MPRQJ REP, or PPRQJ REP).
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6.2.3. Files and Environment Variables

6.2.3.1.

6.2.3.2.

If the GCNTL file contains a/REACTIVITY/ packet, Cntlmat outputs mole and mass-based reactivity
matrix files (either ARMAT_L and ARMAT_S, MRVAT_L and MRVAT_S, or PRVAT_L and PRVAT_S), a
reactivity matrix supplement file (ARSUP, MRSUP, or PRSUP), and areport of reactivity controls
(AREACREP, MREACREP, or PREACREP). Finally, CntImat writesthe LOGFI LE detailing the program’s
execution.

Input Files

File Name* Format Description

[ AREA MOBL| PNTS] | SMOKE map Intermediate inventory file produced by Smkinven
GCNTL ASCII Control packetsfile

GSPRO (optional) |ASCII Speciation profilesfile; only needed for reactivity controls

* Asin Figure 6.2, “Cntlmat input and output files” [235], the notation [ AREA| MOBL| PNTS] is used to
indicate that only one of the three filesis used for a given run.

The physical file name of theinput file GCNTL fileistypically overridden by the environment that isrunning
Cntlmat. For example, when running SMOKE from scripts using the Assigns file, the projection factor
inputs are available asthe [ A| M P] PRQJ files. So, for instance, the script must set GCNTL as APRQJ
(or area-source processing) after the Assigns file has been invoked by the script, but before the Cntimat
program is actually run.

Input Environment Variables
» COVPARE_REPLACE_CONTROL: [default: Y]
Controls the way areplacement control is applied.

e Y:WhensettoY, Cntimat compares the overall percent reductions (CEFF * RPEN * REFF) from
areplacement control in the CONTROL packet against existing percent reductions (either from
the base inventory or from ajust-applied /IMACT/ packet). If the packet's reduction is more control
(greater reduction) than the existing controls, then it is applied. Otherwise, it is not applied.

e N:When set to N, Cntlmat applies replacement controls even if the control isless control than an
existing control, which may result in an increase in emissions

« FULLSCC ONLY: [default: N]

Disables any sub-SCC cross-reference assignments that would otherwise be included in the cross-ref-
erence hierarchy. For example, the left-7, left-4, and left-2 level s of nonpoint and mobile SCCswould
never be used. Thisis useful when zeros are anatural part of the SCC that the user does not want to
assume are present for cross-reference hierarchy purposes. This option affectsall Cntlmat input packets
that use SCC assignments as part of their hierarchy.

« PRQJECTI ON_YR_SPEC: [default: Y]
Sets whether or not entriesin the /PROJECTION/ packet are in year-specific format.
e Y: Year-specific format in use
* N: Year-specific format not in use

« REACTI VI TY_POL: [default; VOC]
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6.2.3. Files and Environment Variables

Sets the pollutant name to use in computing the reactivity matrix.

REPORT_DEFAULTS: [default: Y]

Defines whether or not the program reports when a source uses the default cross-reference.
e Y: List sourcesin thelog file when they use default cross-reference

* N: Do not list sources that use the default cross-reference

SMK_AVEDAY_YN: [default: N]

Indicates whether or not to read average day emissionsinstead of annual emissions from the inventory
file.

* Y: Read average day emissions

« N: Do not read average day emissions, use annual emissions instead
SMK_SOURCE: [default: blank]

Defines the type of sourcesto be processed. Valid values are

e A:Areaprocessing

* B: Biogenic processing

e M: Mobile processing

e P: Point processing

SMK_TMPDI R: [default: “”]

Setsthe path for writing the temporary files needed when processing the/ALLOWABLE/,/CONTROL/,
ICTG/,/[EMS_CONTROL/, IMACT/, and/or /PROJECTION/ packets (from the GCNTL file).

SPEC_OUTPUT: [default: ALL]
Defines the types of speciation outputs to create.

¢ MASS: Output speciation matrix based on mass

¢ MOLE: Output speciation matrix based on moles

e ALL: Output both mass and mole speciation matrices

XREF_SI COVERSCC: [default: Y]

Determines how to deal with packet entries that have both an SCC and SIC
e Y: Match sources by SIC before SCC

« N: Match sources by SCC before SIC
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6.2.3.3. Output Files

File Name* Format Description

[ Al M P] CVAT I/O APl NetCDF |Multiplicative control matrix

[AlM P]CREP  |ASCII Report of multiplicative controls applied to the inventory

[A M P] CREP2 |ASCII Detailed before-and-after report of application of the/CONTROL/

packet only, which includes any comments appended to the end
of the/CONTROL/ packet entries. These comments can describe
the controls being applied with each packet row. Thisreport then
includes the base and future overall percent reductionson a
source-by-source basis, and includesthe CONTROL packet line-
specific comments.

[Al M P] CSUM |ASCII Report of all controls applied to the inventory, with all controls
REP listed under each source

[AMP] CTL- ASCII List of warnings

WARN

[A M P] PMAT  |I/OAPI NetCDF |Growth matrix

[A M P] PROJREP|ASCII Report of growth factors applied to the inventory

[ Al M P] REACREP|ASCII Report of reactivity controls applied to the inventory

[ Al M P] RVAT_L |I/OAPI NetCDF |Mole-based reactivity matrix

[ Al M P] RVAT_S | /O API NetCDF |Mass-based reactivity matrix

[AlMP]RSUP |ASCII Reactivity matrix supplemental file

LOGFI LE ASCII Log generated from executing Cntlmat

* Asin Figure 6.2, “CntImat input and output files’ [235], the notation [ A| M P] is used to indicate that
only one of the three filesis output for a given run.

6.3. Elevpoint

6.3.1. Description

Processing categories: point

The Elevpoint program is used to select el evated point sources and to prepare certain input filesfor special
elevated source or PinG processing. Elevpoint selects the major point source (MPS) and major elevated
point source emissions (MEPSE) records using a variety of criteria, such as stack parameters, emissions,
and analytical plume rise calculations. (Note that MEPSE is another name for a PinG source.)

Elevpoint distinguishes PinG sources from non-PinG el evated sources based on emission thresholds,
highest day-specific emissionsrank compared to other sources, analytical plumerise, and/or stack parameters
such as height. Elevpoint flags sources as either elevated or PinG based on instructions given in an input
configuration file, the PELVCONFI Gfile. Elevpoint also permits grouping of stacks at the same facility
if the stack parameters are similar, within tolerances you specify with the PELVCONFI Gfile; theresult is
call a“stack group”. For more information on selecting and grouping elevated and PinG sources, refer to
Section 8.9.3.1, “PELVCONFI G Elevated source selection file” [463].

Elevpoint can also be used to calculate plumerise using the “ cutoff” method. Thisisthe method traditionally
used to prepareinput filesto theair quality modelsUAM-1V, UAM-V, REMSAD, and CAMy, which require
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a separate model-ready input file containing emissions for elevated point sources. Below, we refer to this
path as the “UAM style” of emissions processing.

For the cutoff method, the Elevpoint program usesthe stack parameters of the point sources and estimates
the plumerise for each source using aBriggs analytical solution (but not actual gridded meteorology data);
thedetails of thisprocessaregivenin Section 6.3.1.1, “Plumerise cal culation” [239]. Elevpoint then records
all of the sources that have an estimated plume rise greater than a specified cutoff as defined in the PEL-
VCONFI Gfileusing the “RISE” instruction. Using the PELVCONFI Gfile, this cutoff method can be
combined with selection of elevated sources based on stack parameters and/or emissions values.

When emissionsvaluesare part of these selection criteria, Elevpoint computesthe maximum daily emissions
using one or more PTIVP files. Elevpoint computes the maximum daily value of any pollutant used as a
selection criterion across al of the days that you input. You have the option of providing either alist of
paths and file names of one or more PTIVP files, or asingle PTVP file. The day or days that Elevpoint
uses to compute each source’s maximum depends on the time zone in which the source resides, based on
the county and the COSTCY file setting for the time zone (the time zone is stored in the PNTS file output
from Smkinven). When using emissions val ues as a selection criterion, Elevpoint only considers sources
that are within the grid domain.

Elevpoint also creates areport file that contains all SMOKE sources that have been selected as elevated,
their source characteristics (including stack parameters), emissions values used as selection criteria, stack-
group numbers, status as either elevated or PinG, and which selection criteriawere used to assign the status
to the source. The report does not include any low-level sources. This report isin semicolon-delimited
format for easier reading into a spreadsheet for sorting, review, and making charts.

The Elevpoint program is not needed if the environment variables SMK_PI NG_METHOD and SMK_EL -
EV_METHOD are both set to 0.

6.3.1.1. Plume rise calculation

The Briggs solution is documented in the following:

1. Briggs, Gary A., 1971: Some Recent Analyses of Plume Rise Observation, pp. 1029-1032 in Proceed-
ings of the Second International Clean Air Congress, edited by H. M. Englun and W. T. Beery. Aca-
demic Press, New York.

2. Briggs, Gary A., 1972: Discussion on Chimney Plumes in Neutral and Stable Surroundings, Atmos.
Environ. 6, 507-510.

The following formulais used in Elevpoint:
F=025xGxVgxDg?x (Tg-T)/Tg

For F less than 55,

Plume rise = Hg + 21.31311057 x F*°/U
Otherwise,

Plumerise = Hg + 38.87776061 x FO%/U
where

«  F=Bouyancy flux (m¥s?)

G =Maean gravitational acceleration (9.80665 m/s?)
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* Vg=Stack gasexit velocity (m/s)

* Dg=Inside stack diameter (m)

* Tg= Stack gastemperature (K)

e T = Default ambient air temperature (293 K)
e U = Default wind speed (2 m/s)

* Hg=Physica stack height (m)

Thisrepresents an improved algorithm over the original so that the discontinuity at F =55 no longer exists.
Now, the second term in the plume rise formula approaches 595 as F approaches 55 from either side.

6.3.1.2. Summary

In summary, Elevpoint permits the following combinations of source selection and processing:

e ldentify MEPSE/PinG sources for outputting to special PinG filesonly (all other point sources will be
treated as potentially elevated by L aypoint).

» ldentify elevated sources (M PSs) with the PELVCONFI Gfile, which might include using the cutoff
method alone or in combination with other criteria.

» ldentify elevated sources (MPSs) and MEPSE/PinG sources with the PELVCONFI Gfile with cutoff
method (L aypoint not used) and identify MEPSE/PinG sources with the PSPLI T file for outputting
to specia PinG files.

6.3.2. Processing Order

Smkinven must be run for point sources before Elevpoint. If the PELVCONFI Gfile uses emissionsasa
source-grouping or source-selection criterion, then Temporal must be run before Elevpaint.

Elevpoint must be run before L aypoint.

Elevpoint must be run before Smkmerge if elevated sources are to be used.

Elevpoint isan optional program that is not needed if all of the following criteria are met:
1. A UAM-style model (e.g., UAM, REMSAD, CAM) isnot being used.

2. No MEPSE/PinG source processing is required.

3. Youarewillingtorun Laypoint for all point sources and treat all as “potentially elevated”. In this
case, sourcesthat rise above layer 1 will be“elevated” for reporting purposesin Smkreport, but these
sources may sometimes be within layer 1 if the plume rise algorithm in L aypoint computes it that

way.
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6.3.3. Files and Environment Variables

Figure 6.3. Elevpoint input and output files

If using emissions 1
and not PTMPLIST |

GRIDDESC
LOGFILE
PELVCONFIG
PELV
PNTS Elevpoint
REPPELV
PTMP Y /N e e e e e e e - !
"""""""" |  STACK_GROUPS !
_______________ I———————————————-
1
' PTMPLIST i If selecting stack groups
( Program ) | File Shows input or output
—>

________

Figure 6.3, “Elevpoint input and output files’ [241] shows the input and output files for the Elevpoint
program. The input files are the grid description file (GRI DDESC), an elevated source configuration file
(PELVCONFI G), the point-sourceinventory file output from Smkinven (PNTS), and, if the PELVCONFI G
file selects sources by emissions value or rank, either alist of hourly emissions files output by Temporal
(PTMPLI ST) or an individual hourly emissionsfile (PTMP).

Elevpoint outputs alog file (LOGFI LE), an elevated point source identification file (PELV), an elevated
and PinG source report (REPPELYV), and a stack parameters file (STACK _GROUPS) if the PELVCONFI G
fileis configured to select stack groups.

6.3.3.1. Input Files

a)

File Name For mat Description

GRI DDESC ASCII Description of the modeling grid

PELVCONFI G ASCII Elevated source configuration file

PNTS SMOKE map Intermediate inventory file produced by Smkinven

PTMP (optional)  |ASCII Hourly emissionsfile produced by Tempor al; needed only when
PELVCONFI G specifies emissions as one of the selection or
grouping criteriaand not using the PTMPLI ST file

PTMPLI ST (option-| ASCII List of hourly emissionsfiles produced by Temporal; needed

only when PELVCONFI Gspecifiesemissions asone of the selec-
tion or grouping criteria

6.3.3.2. Input Environment Variables

« ELEV_WR TE_LATLON: [default: Y]
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Defines whether write the latitude and |ongitude information of special elevated or PinG sources to
the stack groupsfile Section 9.3.2, “STACK _GROUPS” [484] for air quality models CMAQ, MAQSIP,
and UAM-style.

« Y: Write the latitude and longitude information of elevated or PinG sources to the the stack group
file.

* N: Do not write the latitude and longitude information of elevated or PinG sourcesto the the stack
group file.

The ELEV_WRITE_LATLON can not be N, when processing for PinG sources, since CMAQ does
need the latitude and longitude to be included.

G_RUNLEN: [default: 240000]

Simulation length (HHMMSS)

G_STDATE: [default: 0]

Starting date of simulation (YYYYDDD)
G_STTI ME: [default: Q]

Starting time of simulation (HHMMSS)
G_TSTEP: [default: 10000]

Time step (HHMMSS), only 10000 is allowed
| QAPI _| SPH: [default: 19]

Determines which USGS spheroid to use for grid-based calculations
e 0: Clarke 1866

e 1: Clarke 1880

e 2 Bess

e 3: New International 1967
4: International 1909

« 5IWGST72

e 6: Everest

« 7:WGS66

+ 8 GRS1980

e O Airy

« 10: Modified Everest

e 11: Modified Airy

o« 12:WGS 84

e 13: Southeast Asia

e 14: Australian National

o 15: Krassovsky

e 16: Hough

e 17: Mercury 1960

e 18: Modified Mercury 1968
e 19: Normal Sphere

This environment variable can also be used to set custom spheroid representations. See the [/O AP
documentation [http://www.baronams.com/products/ioapi/SETSPHERE.html] for more information.
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SMK_ELEV_METHOD: [default: 0]

Definesthe method to usein SMOKE for determining and processing elevated point sources. The setting
chosen depends on the model output format needed from SMOKE. All PinG sources determined based
on SMK_PI NG_METHOD will automatically be considered elevated sources (as defined specifically
for the model for which you are creating emissions).

e 0: Treat all sources as potentially elevated, and let the L aypoint program determine which sources
are elevated and which are not. Thisapproach isappropriate only for SMOKE output for the CMAQ
and MAQSIP models.

e 1: Usethe“Elevated” section of the PELVCONFI G configuration file to select specific sources.
This approach can be used for any of the model output formats - CMAQ, MAQSIP, and UAM-
style.

For UAM -style emissions processing, this environment variable must be set to 1 and the PEL VCON-
FI Gfilewill be used to select specific sources. This method of processing is needed for UAM,
REMSAD, and CAMy because they require use of the cutoff method discussed earlier. In rare
cases of avery small inventory, it might be acceptable to specify O for this setting in UAM-style
emissions processing, provided that you are sure that treating all sources as elevated sourcesin
UAM-style modelsis acceptable. We do not recommend such an approach for typical SMOKE
applications for UAM-style models.

e 2. Usethe“Elevated” section of the PELVCONFI G configuration file to select specific sources.
This approach can be used for in-line plumerisein CMAQ. Must set SMK_PI NG_METHOD = 0.

For in-line plume rise processing in CMAQ, this environment variable must be set to 2 and the
PELVCONFI Gfilewill be used to select specific sources. To reduce the total number of plumerise
calculationsthat would be donein the CMAQ in-line plume rise modul e, Elevpoint needsto group
sources with nearly identical stack parameters. Elevpoint outputs stack group file that identifies
elevated source locations and stack parameters for in-line plume rise calculation in CMAQ. See
Section 4.5.19, “In-line Plume Rise Calculationin CMAQ model (asof version 4.7)" [200] for more
detail.

When using Smkmer ge for in-line plume rise processing, VRG_LAYERS YN must set to N to
create hourly speciated 2-D surface layer emissionsfile. If SMKMERGE _CUSTOM OUTPUT is set
toY, the output file for the in-line emissionsiscalled | NLNST_L.

To process point fire emission (ptfire sector) without precomputed plume rise described in described
in Section 4.5.2.5, “Day-specific and hour-specific point and fire inventories’ [162].

SMK_PI NG_METHQOD: [default: 0]

Defines the method to use in determining PinG point sources.
* 0: No PinG sources

e 1: Use PinG section of PELVCONFI G configuration file

For al models that SMOKE supports except MAQSIP, use of PinG sourcesis optional. MAQSIP does
not include areleased PinG implementation. Some model s may have limitations on the number of PinG
sources supported, and you must make sure that these limitations are met; SMOKE does not automat-
ically compare with these limitations, if any.

For CMAQ, SMOKE will output a STACK _GROUPS file from the Elevpoint program and a
PI NGTS_[ S| L] filefrom the Smkmerge program to support PinG. For UAM-style processing,
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6.4. Emisfac

6.3.3.3.

SMOKE will flag PinG sources in the ASCII elevated file created by Smkmer ge, and should be used
with the SMK_ASCI | ELEV_YNoption settoY to create thisASCII elevated file.

*  SMK_SOURCE: Seedescription in Section 6.2.3.2, “Input Environment Variables’ [236]

Output Files

File Name For mat Description

LOGFI LE ASCII Log generated from executing Elevpoint

PELV ASCII Elevated point source identification file

REPPELV ASCII Reports the sources selected as elevated and PinG, plus other in-
formation about the sources, including why they were selected

STACK_GROUPS |I/OAPI NetCDF |PinG and/or elevated sources stack parametersfile

6.4. Emisfac

6.4.1.

6.4.1.1.

6.4.1.2.

Description
Processing categories: mobile

The Emisfac program drives EPA’s Office of Transportation and Air Quality MOBILE model (version
6.2) to generate emission factors representing several different emission processes. The program drives
MOBILESG by supplying 24-hour temperature and humidity profiles and county-specific MOBILES input
files. Using multiple callsto MOBILESG, Emisfac usesthe inputsto create emission factorsfor all sources.
Having Emisfac execute MOBIL E6 allows very complex combinations of emission factorsto be generated
in arelatively short period of time.

MOBILE modifications

In adapting MOBILEG for usein SMOKE, MOBILESG has been changed somewhat in order to output
emission factorsat the level of aggregation required by SMOKE, generate multiple sets of emission factors
in the same run, and create a better interface with Emisfac. The mapping of SMOKE road classesto MO-
BILEG facilities are given in Table 2.3, “Road class and corresponding MOBILEG6 road type’ [43]. The
mapping of SMOKE vehicle types to MOBILES vehicle types are provided in the M6 MAP file.

Accounting for freeway ramps in speeds and emission factors

The annual VMT and average speed values for rural and urban interstates and urban freeways typicaly
account for travel on freeway ramps. Since MOBILESG cal cul ates freeway and freeway ramp emission
factors separately, SMOKE must create a composite emission factor that is used for rural and urban inter-
states and urban freeways. The approach SMOKE usesisintended to duplicate the way MOBILESG isused
outside of SMOKE to compute the NEI inventories.

Since the speeds provided in the on-road mobile inventory are an average of speeds on freewaysand ramps,
SMOKE first calculates the nonramp freeway speed using the following formula:

S =(1-VYIS) - (VIS
where

» S =freaway (nonramp) speed
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6.4.2.

e V,=rampVMT fraction
* S =inventory freeway speed (includes ramps)
* S =ramp speed

Based on the M OBI L E6 documentation, SMOKE assumesarampVMT fraction (V) of 0.08 and aconstant
ramp speed (S;) of 34.6 mph. The calculated nonramp freeway speed () is passed to MOBILE6 and used
to calculate the freeway emission factors. MOBILEG6 uses afixed ramp speed of 34.6 mph to calculate the
freeway ramp emission factors. The environment variables ADJUST | NV_SPEED and AD-

JUST_HR SPEED are used to control whether or not the inventory and/or hourly speeds are adjusted for
freeway ramps.

SMOKE creates a composite emission factor from the freeway and ramp emission factors as follows:
Cas=V,Rg+(1-V,) Fg

where

» C4 = composite emission factor

o V,=rampVMT fraction

* Rg =ramp emission factor

* Fg =freeway emission factor

Again, SMOKE assumes aramp VMT fraction (V,) of 0.08.

Processing Order

Smkinven, Grdmat, Mbsetup, and Premobl must be run before Emisfac.
Emisfac must be run before Temporal and Smkmer ge for mobile sources.

Emisfac isan optiona program that is needed only if activity data are used in the SMOKE mobile-source
inventory file.
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6.4.3. Files and Environment Variables

Figure 6.4. Emisfac input and output files
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Figure 6.4, “Emisfac input and output files’ [246] showstheinput and output filesfor the Emisfac program.
Theinput files used depend on the GROUP_TYPE setting. GROUP_TYPE can be set to daily, weekly,
monthly, or episode; these settings correspond to the input files DAl L YGROUP, WEEKL YGROUP,
MONTHL YGROUP, or EPI SOCDEGROUP. Emisfac uses the hourly meteorology file HOURL YT asthe first
day of meteorology data; it continues processing using the additional hourly meteorology files output from
Premobl. Other input files are the inventory datatable (I NVTABLE), afilelisting the MOBILEG6 scenario
files (MBLI ST), the vehicle type mapping file (M6 MAP), the mobile emission processes file (MEPRQOC),
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the mobile-source inventory file output from Smkinven (MOBL), a speed profilesfile (only if
USE_SPEED PROFI LESissettoY), and aspeed summary file output by M bsetup (SPDSUM).

Emisfac outputs hourly emission factors corresponding to each hourly meteorology file that it processed.
The program also createsa L OG- LE and outputs several intermediate filesfrom the MOBIL E6 processing.

6.4.3.1. Input Files

File Name Format Description

DAl LYGROUP (optional)* ASCII List of counties using day-average meteorology data,
produced by M bsetup

EPI SODECROUP (optional)* |ASCII List of counties using episode-average meteorol ogy
data, produced by M bsetup

HOURLYT I/O API NetCDF |Initial hourly meteorology file produced by Premobl;
assumed to match GROUP_TYPE environment variable

{GROP_TYPE}. {dat e}. ncf |I/O APl NetCDF |Hourly meteorology files subsequent to the HOURLYT
file

I NVTABLE ASCII Inventory data table containing activity and pollutant
names

MBLI ST ASCII List of MOBILEG scenario files with full names and
paths

M6 VAP ASCII Mapping file assigning MOBILE6 vehicletypestoin-
ventory vehicle types

MEPRCOC ASCII M obile-source emission processesfile

MOBL SMOKE map Intermediate inventory file produced by Smkinven

MONTHL YGROUP (optional)* |ASCII List of countiesusing month-average meteorology data,
produced by M bsetup

SPDPRO (optional) ASCII Speed profilesfile, required when
USE_SPEED PROFI LES=Y

SPDSUM ASCII Vehicle speed summary file, produced by M bsetup

VEEKL YGROUP (optiona)* |ASCII List of countiesusing week-average meteorol ogy data,
produced by M bsetup

* At least one [ xx] GROUP isrequired.

6.4.3.2. Input Environmant Variables
« ADJUST_HR_SPEED: [default: N]
Indicates whether the hourly speeds should be adjusted to account for freeway ramps.
e Y:Adjust hourly speeds to account for freeway ramps
* N: Do not modify hourly speeds
« ADJUST_| NV_SPEED: [default: Y]

Indicateswhether average freeway speedsfrom theinventory should be adjusted to account for freeway
ramps.
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6.4.3. Files and Environment Variables

* Y:Adjust inventory speedsto account for freeway ramps
¢ N: Do not modify inventory speeds

EF_YEAR: [default: 1988]

Sets the year for which to create emission factors.
GROUP_TYPE: [default: daily]

Setswhich temporal averaging group to process by indicating which of the group files (DAl LYGROUP,
VEEKL YGROUP, etc.) to open. Valid values are daily, weekly, monthly, and episode.

M6_FLAT_VMI: [default: Y]
Determinesif aflat hourly VMT profile should be used when running MOBILEG

e Y: Usethe command VMT BY HOUR with the external input file
$SMK_MBPATH SMOKE_f | at _hr _vnt . def torun MOBILES with flat hourly VMT profile;
Emisfac will comment out theVMT BY HOUR command in any MOBILEG scenario files

« N: Usethe MOBILES6 default hourly VMT profile or theVMT BY HOUR command in the MO-
BILES scenario files

MB_HC_TYPE: [default: TOG]

Sets the type of hydrocarbon pollutant to generate from MOBILESG. Valid values are THC, NMHC,
VOC, TOG, and NMOG.

REPLACE_HUM DI TY: [default: Y]

Defines whether to replace the humidity datain the MOBILEG scenario files with those calculated in
Premobl.

* Y: Replace humidity data; Emisfac will comment out any RELATIVE HUMIDITY, ABSOLUTE
HUMIDITY, and BAROMETRIC PRES commands it finds in the MOBILEG scenario files and
insert the RELATIVE HUMIDITY and BAROMETRIC PRES commands with the appropriate
data calculated by Premobl.

e N: Useoriginal humidity values from MOBILEG6 scenario files
REPLACE_TEMPERATURES: [default: Y]

Defines whether to replace the temperatures in the MOBILEG6 scenario files with those calculated in
Premobl.

* Y: Replace temperatures

« N: Useoriginal temperatures from MOBILE6 scenario files
SMK_EM SPATH: [default: . ]

Directory for the output emission factor files.

SMK_MBPATH: [default; . ]

Directory for the external MOBILES input files and intermediate files.
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« SMK_METPATH: [defaut: . ]

Directory for the hourly meteorology files.

*  SMK_SOURCE: See description in Section 6.2.3.2, “Input Environment Variables’ [236]

«  SMK_SPDPATH: [default: . ]

Directory for the speed files needed by MOBILES.

« USE_SPEED_PROFI LES: [default: N]

Indicates whether speed profiles (hourly speeds) should be used instead of inventory speeds.

e Y: Use speed profilesinstead of inventory speeds (requires SPDPROfile)

« N: Useinventory speeds

6.4.3.3. Output Files

File Name Format Description

em s- I/O APl NetCDF |Hourly emission factors corresponding

facs. ${ GROUP_TYPE} . { dat e} . ncf to the hourly meteorology files, located
inthe SMK_EM SPATH directory

LOGFILE ASCII Log generated from executing Emisfac

various ASCII Intermediate files created when running

MOBILES, located inthe SMK_MBPATH
directory

6.5. Grdmat
6.5.1. Description

Processing categories: area, mobile, point

The Grdmat program produces the matrix that contains the factors for spatially allocating the emission

sources to the modeling domain.

Point sources are assigned to grid cell s using the geographi ¢ coordinates that are stored in each point-source
record. For area and mobile sources, a cross-reference file matches the gridding surrogates to the source-
level emissions. When the gridding cross-reference files are applied, the most-specific matches always

override the less-specific ones.

For the current version of SMOKE, agridding surrogates file must be created for the specific grid of interest.
This can be accomplished in avariety of ways:

» Arclnfo (or other GIS) processing by an expert in creating gridding surrogates.

e Using the MIMS Spatial Allocation Tool.

» Extracting surrogate datafrom alarger gridding surrogates file. National 4-km surrogates are available
from the EPA at http://www.epa.gov/ttn/chief/emch/spatial/newsurrogate.html. To use these data for
your modeling, you must use the same grid projection as was used to create the gridding surrogates.
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6.5.2. Processing Order

6.5.2.

For area sources, the gridding cross-reference file provides the following possible combinations, ordered
from most specific to least specific:

Country/state/county code and 10-digit SCC
Country/state/county code and 7-digit SCC

Country/state code and 10-digit SCC

Country/state code and 7-digit SCC

10-digit SCC

7-digit SCC

Country/state/county code

Country/state code

Ultimate default (country/state/county code = 0, SCC = 0)

CoNoOA~WDNE

For mobile sources, the available combinations and their order are:

Country/state/county code, and 10-digit SCC
Country/state code and 10-digit SCC
Country/state/county code

Country/state code

10-digit SCC

Ultimate default (country/state/county code = 0, SCC = 0)

o0k wdpE

For mobile sources only, Grdmat outputs both a gridding matrix and a second file called an “ ungridding”
matrix. Thisungridding matrix is used by M bsetup and Tempor al to determine which sources are within
thegrid, and by Premobl to compute county-based datafrom the gridded meteorol ogy inputs. The ungridding
matrix is calculated astheratio of VMT in agiven grid cell to the total amount of VMT in the county. For
link-based sources, theratio isthe amount of VMT in the grid cell to the total VMT for that link. This
resultsin nonlink sources within a county using the same weighting factors across grid cells, while link
sources have different factors. Note that at thistime, Premobl cannot use link-based meteorology data.

Processing Order
Smkinven must be run before Grdmat.
For mobile sources only, Grdmat must be run before M bsetup, Premobl, Emisfac, and Temporal.

Grdmat must be run before gridded emissions may be produced using Smkmer ge.
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6.5.3. Files and Environment Variables

Figure 6.5. Grdmat input and output files

Surrogate file defined in
SRGDESC
[A|M|P]GMAT
[A|M]GREF
[AREA [MOBL|PNTS ] [~ [A[m]GSUP
SRGDESC — LOGFILE
________________ 1 . -
GRIDDESC ! MUMAT L processing mobile
-t activity data
If processing 1 7777 !
mobile sources | MCODES |
( Program ) | File Shows input or output
—>

Figure 6.5, “Grdmat input and output files’ [251] showstheinput and output filesfor the Grdmat program.
Theinput files are the spatial surrogates file (AGPRO or MGPRO), the spatial cross-reference file (AGREF
or MGREF), the inventory file output from Smkinven (AREA, MOBL, or PNTS), the surrogate description
file (SRGDESC), and the grid description file (GRI DDESC). For mobile sources, the mobile codesfile
(MCODES) is a'so needed.

Grdmat outputs a gridding matrix file (AGVAT, MGVAT, or PGVAT) used by other SMOKE programs,
and asupplemental gridding file (AGSUP or MGSUP) that includesall of the spatial surrogate codes assigned
to each source. Like all SMOKE programs, Grdmat writes a program log (LOGFI LE). When processing
mobile activity data (i.e. VMT), Grdmat also outputs the MUMAT ungridding matrix file.

6.5.3.1. Input Files

File Name For mat Description

SRGDESC ASCII Surrogate list, description and surrogate file name used
in the modeling grid. Note: we recommand to use mul-
tiple files for individual surrogate code which are avail-
able from the EPA’s New Surrogates web site

[http:/Aww.epagovittr/chief/emch/spatial/newsurrogate htm].

SRGPRO_PATH/ surrog- |ASCII Gridding surrogate coefficients

ate-files

[ Al M GREF ASCII Gridding surrogate cross-reference file

[ AREA| MOBL| PNTS] SMOKE map |Intermediate inventory file produced by Smkinven

GRI DDESC ASCII Description of the modeling grid

MCODES (optional) ASCII Mobile codes for converting inventory road classes and
vehicle type names to SMOKE's road types and vehicle
type numbers
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6.6. Grwinven

6.5.3.2. Input Environment Variables

» | OQAPI _| SPH: See description in Section 6.3.3.2, “Input Environment Variables’ [241]
* REPORT_DEFAULTS: See description in Section 6.2.3.2, “Input Environment Variables’ [236]

*  SRGPRO_PATH: Defines the location of the Areaand Mobile spatial surrogate files. This should be a
sub-directory in the $GE_DAT directory.

»  SMK DEFAULT_SRG D: [default: 100 (M odels-3 popul ation surrogate code)] Mandatory, user MUST
choose afallback code.

» SMK_USE_FALLBACK: [Y/N]

Defines the surrogate code number to use as afallback surrogate when the surrogate number set by the
cross-reference file would zero out the emissions for that source. This fallback surrogate is also used
to define the county/state/country (FIPS) codesfor usein Grdmat; therefore, afallback surrogate code
ismandatory even if the SMK_USE_FALLBACK isset to [N]. This code should exist in the SRGDESC
file and be representative on all county/state/countries. See description in Section 8.4.1, “ SRGDESC:
Surrogate Designation, Description and Surrogate profile filename.” [421].

»  SMK_SOURCE: Seedescription in Section 6.2.3.2, “Input Environment Variables’ [236]

6.5.3.3. Output Files

File Name For mat Description

[ A M P] GVAT I/0 API NetCDF | Gridding matrix containing the factors needed to spatially allocate
the input emissions to the grid cells in the modeling domain.

[A M GSUP ASCII Gridding supplemental file containing spatial surrogate codesfor
each source

LOGFI LE ASCII Log generated from executing Grdmat

MUVAT /0 APl NetCDF |Ungridding matrix file; for mobile activity data only

6.6. Grwinven

6.6.1. Description

Processing catagories: area, mobile, point

The Grwinven program grows and controls inventory emissions and activity datainto the past/future by
merging a SMOKE inventory file (AREA, MOBL, or PNTS) with its respective growth and control matrices.
Thisoptional program need not be used if these projections have been made outside of SMOKE. Grwinven
outputs new SMOKE 1/0O API inventory files, but not the corresponding inventory ASCII files (because
the program changes the data only in the I/O APl inventory files, so there is no need to output the same
ASCII files). The program can also output datain IDA or ORL format, or be used as a converter from
SMOKE to IDA or ORL format. Grwinven does not merge the SMOKE inventory with reactivity matrices;
this functionality is handled by Smkmerge.

The Grwinven program writes out temporary emissions files when creating an IDA- or ORL-formatted
inventory. You can set the directory to which these temporary files go by setting the SMK_TMPDI R envir-
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6.6.2. Processing Order

onment variable. These files can be quite large; at least 100 MB should be available on the disk to which
this environment variableis set.

6.6.2. Processing Order

Smkinven and Cntlmat must be run before Grwinven.

After running Grwinven, the output can be used similarly to the output from Smkinven. If Spcmat or
Grdmat have aready been run for agiven inventory, these programs do not need to be rerun after running
Grwinven because the number and order of the sourcesin the grown emissions files are the same asin
the base case.

6.6.3. Files and Environment Variables

Figure 6.6. Grwinven input and output files

[A|M|P]CMATOLl N e

1 | 1 | 1 -
111 [A|M|P]CMAT[xx] { If SMK_GRWIDAOUT_YN =Y
- l _ l __________ \ | [AR|MB|PTIINV.O i , q\ic”GRWORLOUT YN =Y
If SMK_NUM_CNTLMAT > 1 Grwinven
LOGFILE
[AREA | MOBL | PNTS ]
[ ! _
MEERY B0 :lfSMK_GRquAOUTTYN._Y
b — 1 and processing activity data
COSTCY
( Program ) | File Shows input or output
—>

________

Figure 6.6, “Grwinven input and output files’ [253] shows the input and output files for the Grwinven
program. The input filesinclude at least one growth or control matrix output from Cntlmat (ACMATO1,
MCMATO1, or PCVATO1). If you are applying more than one growth or control matrix (i.e.
SVK_NUM_CNTLMAT isgreater than one), Cntimat will open additional matrices as needed (ACMAT[ xx] ,
MCMVAT[ xx] , or PCMAT[ xx] ). Cntlmat also uses the inventory file output from Smkinven (AREA,
MOBL, or PNTS) and the country, state and county file (COSTCY).

Grwinven outputs new SMOKE intermediate inventory files (AREA O, MOBL_O, or PNTS_O) that have
been controlled and/or grown into the past or future. Note that the suffix _O is used to distinguish the
Grwinven output files from the input files. You can aso choose to output ASCII inventory filesin IDA
or ORL format (ARI NV_O, MBI NV_O, or PTI NV_0O). Grwinven aso writesalog file (LOG-I LE) and
can create an ASCII inventory file for activity data (MBI NV_AQO).
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6.6.3.1. Input Files

File Name Format Description

[ Al M P] QVAT_01|I/OAPI NetCDF |Control or growth matrix output from Cntlmat; total number of
filesis determined by SMK_NUM CTLMAT setting

[ Al M P] QvAT_02,[I/O APl NetCDF |Additional control or growth matrices; total number of filesis
[A'M P] QWAT_03, determined by SMK_NUM CTLMAT setting

[ AREA MBL| PNTS] [ SMOKE map Intermediate inventory file produced by Smkinven
COsTCY ASCII Country, state, and county file

6.6.3.2. Input Environment Variables

*  ORL_NONRQAD_QUT: [default: N]

e Y: Output NONROAD inventory in ORL format

« N: Do not output NONROAD inventory in ORL format
»  SMK_GRW DAQUT_VYN: [default: N]

e Y: Output inventory in IDA format

« N: Do not output inventory in IDA format
SMK_GRWORLOUT_YN: [default: N]

Indicatesif an ORL-formatted grown and/or controlled inventory should be output. Currently only
ORL nonpoint ond point inventory formats are supported. SMK_GRWORLOUT _ YN and

SVK_GRW DAQUT _ YN cannot be both settoY in the same run. In SMOKE version 2.3, the Grwinven
ORL output format was changed to use a more compact structure (eliminated spaces), uses commas,
and includes semi-colons around all text fields. These changes make these files much smaller and
easier to import to other software, but unfortunately harder to read in atext editor.

e Y: Output inventory in ORL format

* N: Do not output inventory in ORL format
*  SMK_GRWSMKQUT _YN: [default: Y]

e Y: Output inventory in SMOKE I/O API format

* N: Do not output inventory in SMOKE 1/0O API format
«  SMK_NUM CTLMAT: [default: 1]

Number of control and/or growth matrices to import and apply to the inventory.
* SMK_TMPDI R [default: . ]

Defines the path to use for temporary files that are written out when supplying the IDA-formatted in-
ventory. This setting is used only when SMK_GRW DAOUT_YNissettoY.
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6.6.3.3. Output Files

File Name Format Description

[ AREA_ O MOBL_Q PNTS_Q SMOKE map Annual and average-day inventory emissionsand
source characteristics

[ ARINV_Q MBI NV_Q PT- ASCII Annual and average-day inventory emissionsand

INV_Q source characteristics

LOGFI LE ASCII Log generated from executing Grwinven

MBI NV_AO ASCII Annual activity inventory and source characterist-
ics

6.7. Laypoint
6.7.1. Description

Processing categories: point

The Laypoint program uses the SMOKE point-source inventory file with gridded and hourly meteorology
data to compute hourly plumerise for all point sources. The plumeriseis expressed in terms of layer
fractions for each source.

Laypoint isrun only for the MAQSIP and CMAQ styles of processing, in which all of the plumerise
calculations are done prior to input to the AQM. In Laypoint, meteorological data are used to calculate
the plume rise for al point sources. Then, the plume is distributed into the vertical layers that the plume
intersects based on the pressure in each layer. Only these fractions are stored (not the emissionsin each
layer), until the SMOKE merge step (Smkmerge). Therefore, the plume rise calculations do not need to
be repeated for each control strategy or grid. The L aypoint program cal culates the plume rise for all days
of each meteorological scenario.

6.7.1.1. Plume rise calculation for fires

Regardless whether the heat flux for wildfires is precomputed or internally computed, the Pouliot-
Godowitch plume rise algorithm (' http://www.epa.gov/ttn/chief/conference/ei 14/session12/pouliot.pdf )
convertsthe heat flux (Q) to abouyancy flux (F) for usein the plume rise calculation (Equation 1). Hourly
heat flux (Q) can be estimated based upon daily area burned, fuel loading, material burned and a constant
default heat content (8000 BTU/Ib). See more detail information in Section 4.5.18, “Plume Rise Calculation
for Fires’ [198].

To account for a smoldering fraction of the fire emissions, fire plumes are distributed into both the model
layers below the plume bottom and into the model layers between the plume top and bottom. The smoldering
fraction of thetotal fire emissionsisdistributed into the model layer bel ow the plume bottom. The remaining
part of emissions are distributed into the model |ayers between the plume bottom and top.

Equation 2 estimates the plume bouyant efficiency (BE) which is the portion of heat release from afire
that produces bouyancy, using the fire size in acres. The smoldering fraction (Ss,aeiion) Of the fire plumeis
calculated from the BE (Equation 3). All the fire emissions are all ocated to the model layersusing a
weighting based on the hourly sigma-pressure vertical coordinate. These equationsareisusedin L aypoint
when the variable FI RE_PLUME_YNis set toY. More information about processing fire emissionsisin
Section 4.5.18, “Plume Rise Calculation for Fires’ [198].

Fire-specific plume rise equations are following:
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1. F=0.00000258 x Q

2. BEg,=0.0703 x In( acres) + 0.3
3. Sraction = 1 - BEsize

where

« F=Bouyancy flux (m¥s?)

*  Q=Hest flux for fires (BTU/hr)

*  BEq,e = bouyanct efficiency

o acres=firesizein acres

*  Siaction = Smoldering fration

6.7.2. Processing Order

For elevated point sources, Smkinven and Elevpoint must be run before Laypoint if using PinG and/or
specific magjor point sources.

L aypoint must be run before elevated sources can be processed using Smkmer ge.
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6.7.3.

Files and Environment Variables

Figure 6.7. Laypoint input and output files

GRIDDESC

________________

MET CRO 2D
R L
________________ LOGFILE
If EXPLICIT_PLUMES_YN =N : MET_CRO_3D
L N N N
1
oo PLAY :
] MET DOT 30 J . AW/ A ottt
P If EXPLICIT_PLUMES_YN =N
IFFIRE PLUME YN=Yand r = L PN S :
HOURLY_FIRE_YN=Y , =22 ¢ WA | = = =0
---------------- If EXPLICIT_PLUMES_YN =Y
If SMK_SPECELEV_YN =Y | PELV Y/ /) N\ e oo
1
—————eaned ; REPRTLAY :
_______________ |________________‘
| 1
If HOUR_PLUMEDATA_YN =Y : ------ P -H-OEJI-R- - _| If REP_LAYER_MAX >0
PNTS
If FIRE_.PLUME_YN=Yand +  ____ ~~~ 77 '
HOURLY_FIRE_LYN=Y | PmMP
C Program ) | File Shows input or output
—>
: Optional 1

Figure 6.7, “Laypoint input and output files’ [257] showstheinput and output filesfor the L aypoint program.
Theinput filesinclude the grid description file (GRI DDESC) and meteorology files created by the meteor-
ology preprocessor (GRI D_CRO_3D, MET_CRO 2D, MET_CRO 3D, and MET_DOT_3D). If elevated
sources have been selected, L aypoint uses the the elevated point source identification file output from
Elevpoint (PELV). Hourly plume data can be read from the PHOUR hourly inventory file and annual in-
ventory datais read from the PNTS file, both output from Smkinven. When processing fire sources, the
PDAY file created by Smkinven and the PTIVP file created by Temporal may be used.

L aypoint outputsalog file (LOGFI LE), hourly plumeriselayer fractionsfor all sources (PLAY) or option-
ally only for explicit sources (PLAY_EX), and areport file REPRTLAY if reporting is turned on using the
REP_LAYER MAX setting.
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6.7.3.1. Input Files

File Name Format Description

GRI DDESC ASCII Description of the modeling grid

GRI D _CRO 3D |I/OAPI NetCDF |Meteorology file produced by the meteorology preprocessor; only
(optional) needed if using static layer information

MET _CRO 2D I/O API NetCDF |Meteorology file produced by the meteorology preprocessor
MET_CRO 3D I/O API NetCDF |Meteorology file produced by the meteorology preprocessor
MET_DOT_3D I/0 APl NetCDF | Meteorology file produced by the meteorology preprocessor
PDAY (optional) I/O APl NetCDF |Daily point-source inventory file produced by Smkinven
PELV (optional) |ASCII Elevated point source identification file produced by Elevpoint
PHOUR (optional) [1/O APl NetCDF |Hourly point-source inventory file produced by Smkinven
PNTS SMOKE map Intermediate inventory file produced by Smkinven

PTMP I/0 APl NetCDF |Hourly emissions file produced by Temporal

6.7.3.2. Input Environment Variables

« EXPLI Cl T_PLUVES_YN: [default: N]

Indicates whether only explicit plume rise sources should be calcul ated.

* Y: Process only explicit plume rise sources; automatically sets HOUR_PLUVEDATA_YNtoY

¢ N: Process al sources

« Fl RE_AREA: [default: 0.0]

Sets daily area burned in acres/day; only used when FI RE_PLUME_YNissettoY and
HOURLY_FI RE_YNissettoN.

«  FI RE_HFLUX: [default: 0.0]

Sets hourly heat flux valuein BTU/hr; only used when FI RE_ PLUVE_YNissettoY and
HOURLY_FI RE_YNissetto N.

«  FI RE_PLUVE_YN: [default: N]

Indicatesif fire-specific plume rise cal culations should be used.

e Y: Usefire-specific plumerise calculations for all sources

* N: Usetraditional plume rise calculations based on stack parametersfor all sources

« HOUR_PLUVEDATA YN: [default: N]

Indicates whether hourly plume rise data should be used.

e Y: Usehourly data; requires PHOUR file

« N: Do not use hourly data

« HOURLY_FI RE_YN: [default: N]
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Indicatesif hourly fire data should be used; only checked when FI RE_ PLUVE_YNissettoY.
e Y: Read hourly heat flux from PTIVP file and daily area burned from PDAY file

e N: Get heat flux and area burned from environment variables FI RE_AREA and FI RE_HFLUX
| OAPI _| SPH: See description in Section 6.3.3.2, “Input Environment Variables' [241]
PLUVE_GTEMP_NAME: [default: TEMP2]

Sets ground temperature variable name from meteorology file for plume rise calcuation.
REP_LAYER MAX: [default: -1]

Layer number for reporting high plume rise; reporting is turned off if set to lessthan 1.
SMK_EMLAYS: [default: -1]

Number of emissions layers; must be at |east 4 otherwise program will not run.
SMK_SOURCE: See description in Section 6.2.3.2, “Input Environment Variables’ [236].
SMK_SPECELEV_YN: [defauit: N]

Defines whether the Elevpoint output file PELV will be used to set elevated sources.

e Y:Usethe PELV fileto set elevated sources during run

e N:Let Laypoint plume rise calculation determine whether or not sources are elevated
USE_EDNMS_DATA_YN: [default: N]

Process EDM S aviation source elevation height asits plume rise and distributes the emissionsinto the
layer where it belongs to.

e Y: Skip plumerise calculation and distribute EDMS aviation emissionsinto the layer where it be-
longsto using its elevation height.

* N: Do not process EDM S aviation sources

VELOC_RECALC: [default: N]

Determines whether velocity should be recal culated based on hourly flow rates and stack diameter.
* Y: Recalculate velocity for hourly data

* N: Useveocity values from hourly inventory file

VERTI CAL_ SPREAD: [default: O]

Sets the vertical spread method for determining the bottom and top heights of each plume.

e 0: Usethe default Turner approach where plume thickness equal s the amount of plumerise

« 1: Compute vertical spread using ambient temperature data
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6.8. Mbsetup

6.7.3.3. Output Files

File Name Format Description

LOGFI LE ASCII Log generated from executing L aypoint

PLAY I/O APl NetCDF |Hourly plume rise layer fractions by source
PLAY_EX I/0 APl NetCDF |Hourly plume rise layer fractions for explicit sources
REPRTLAY ASCII Report file for plumes exceeding specified layer

6.8. Mbsetup
6.8.1. Description

Processing categories: mobile

The M bsetup program prepares intermediate files needed to run Premobl and Emisfac. It uses a county
cross-referencefileto assign areference county to each county in the mobile-source inventory. The program
also reads a county-settings file to determine options for meteorology averaging and handling of local
roads. M bsetup groups sources by speed and reference county, then outputs asummary file used by Premobl
and Emisfac.

6.8.2. Processing Order
Smkinven and Grdmat must be run before M bsetup.
M bsetup must be run before Premabl.

Mbsetup is needed only if activity data are used in the SMOKE mobile inventory file.
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6.8.3. Files and Environment Variables

Figure 6.8. Mbsetup input and output files

: DAILYGROUP : If using daily averaging
L |
MCREF
________________ :
. EPISODEGROUP : If using episode averaging
L |
MOBL
LOGFILE
MUMAT Mbsetup
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| MONTHLYGROUP : If using monthy averaging
|
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o oo . SPDSUM
: SPDREF .
I S
1
! . .
If USE_SPEED_PROFILES = Y ) _sz_EFPEfE;I_K_JIili N : If using weekly averaging
C Program ) | File Shows input or output
—>

________

Figure 6.8, “M bsetup input and output files’ [261] showstheinput and output filesfor the M bsetup program.
Theinput files are the county cross-reference file (MCREF), the inventory file output from Smkinven
(MOBL), the ungridding matrix file from Grdmat (MJMAT), the county settings file (WREF), and the speed
cross-referencefile (only if USE_SPEED PROFI LESissettoY).

M bsetup outputsan ASCI| listing of counties using day-average meteorology data (DAl L YGROUP), week-
average meteorology data (WEEKL YGROUP), month-average meteorology data (MONTHL YGROUP), or
episode-average meteorol ogy data (EP1 SODEGROUP). It also outputsalog file (LOGFI LE) and asummary
of speeds and road types (SPDSUM.

6.8.3.1. Input Files

File Name For mat Description

MCREF ASCII County cross-reference file

MOBL SMOKE map Intermediate inventory file produced by Smkinven
MUVAT I/O API NetCDF |Ungridding matrix from Grdmat

MVREF ASCII County settingsfile

SPDREF (optional) |ASCII Speed profiles cross-reference file

6.8.3.2. Input Environment Variables

* FULLSCC_ONLY: Seedescription in Section 6.2.3.2, “Input Environment Variables’ [236]. In this
context, this option affects cross-referencing for the SPDREF file by preventing left-7 SCC assignments.

*  SMK_SOURCE: See description in Section 6.2.3.2, “Input Environment Variables’ [236].
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6.9. Metdmoves

* USE_I NVSPD_DEFAULT: [default: N]

If USE_SPEED PROFI LESissettoY, thisvariable determinesif sources that do not have matching
entries in the SPDREF cross-reference file should use inventory speeds.

e Y: Useinventory speed as default for sources that do not have matching entriesin the SPDREF

file

« N: Print alist of sources that do not have matching SPDREF entries and exit with an error

* USE_SPEED PROFI LES: [default: N]

Indicates whether hourly speed profiles should be used instead of speed data from the inventory.

e Y: Usehourly speed data; requires SPDREF cross-reference file

e N: Use speed data from the mobile inventory

6.8.3.3. Output Files

File Name Format Description

DAl LYGROUP (optional) ASCII Listing of counties using day-average meteorol ogy
data

EPI SODEGROUP (optional) |ASCII Listing of counties using episode-average meteorology
data

LOGFI LE ASCII Log generated from executing M bsetup

MONTHL YGROUP (optiona) |ASCII Listing of counties using month-average meteorology
data

SPDSUM ASCII Summary of speeds and road types associated with
each source

VEEKL YGROUP (optional)  |ASCII Listing of counties using week-average meteorology

data

6.9. Metdmoves
6.9.1. Description

Processing categories: mobile

The M etdmovesis ameteorological preprocessor that prepares temperature and relative humidity (RH)
datafor use by both MOVES and SM OK E. M etdmoves produces specific meteorological metrices for
the reference county(s) for MOVES and additional meteorological metrics for al inventory countiesin

the county group for SMOKE

6.9.2. Processing Order

M et4moves must be run before MOV ES and Smkinven.
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6.9.3. Files and Environment Variables

Figure 6.9. Met4dmoves input and output files

GRIDDESC
MCXREF
METLIST
MOVES_OUTFILE
MFMREF ——
Met4moves SMOKE_OUTFILE
SRGDESC L —
LOGFILE
1 1
Surrogate(s)
1 1
Hourly temperatures
( Program ) | File Shows input or output
—

Figure 6.9, “M etdmoves input and output files’ [263] shows the input and output files for the M et4moves
program. Theinput files are the Grid Description Filefrom M CI P (GRI DDESC), the Surrogate Description
file (SRGDESC), the MCIP List of Meteorology File (METLI ST), and the reference county cross-reference
file (MCXREF).

M etdmoves outputs datasets for SM OK E that contain the min/max temperatures and averaged RH asso-
ciated for each inventory county. M et4moves outputs for M OV ES datasets that provide all (min/max)
temperature combinations for a reference county, reflecting all min/max combinations for all inventory
counties in that county group. The associated RH values are also included in these datasets. In addition,
the datasetsinclude the 24-h diurnal profiles needed for the RPP emission process, and contain user-specified
temperature increments for use by MOV ES.

6.9.3.1. Input Files

File Name For mat Description

GRI DDESC ASCII Grid Description File

SRGDESC ASCII Surrogate Description File

Surrogat e ASCII Surrogate files(s) can be selected using SRG_LI ST
Files(s)

METLI ST ASCII File containing list of MCIP meteorology files
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File Name For mat Description

MCXREF ASCII Reference county cross-reference file

M-VREF ASCII Reference county Fuel Month cross-reference file
COSTCY ASCII List of Counties

6.9.3.2. Input Environment Variables

STDATE: [default: Q]

Thisenvironment variable setsthe overall episode start date: Julian format (YY'Y'YDDD) for M ovesmrg.
ENDDATE: [default: 0]

Sets the overall episode end date; Julian format (YYYYDDD).

AVERAG NG_METHOD: [default: MONTHLY]

Sets averaging method to create 24-h temperature profiles based on STDATE and ENDATE

« MONTHLY: Average data and profilesfor each month within the user-specified modeling episode
If MOVES_OUTFI LE [default: N]

Defines the output filename for MOVES.

SMOKE_QOUTFI LE: [default: N]

Defines the output filename for SMOKE

PD_TEMP_| NCREMENT: [defaullt: 5]

Definesthe temperature increment (in deg. F) for RPD |ookup table to create combinations of min/max
temperature bins

PV_TEMP_| NCREMENT: [defauilt: 5]

Definesthe temperature increment (in deg. F) for RPV |ookup table to create combinations of min/max
temperature bins

PP_TEMP_| NCREMENT: [default: 10]

Definesthe temperature increment (in deg. F) for RPP lookup table to create combinations of min/max
temperature bins

RH_STR_HOUR: [default: 60000]

Defines the start hour in local time for average RH over the user-speciied modeling episode
RH_END_HOUR: [default: 180000]

Defines the end hour in local time for average RH over the user-speciied modeling episode

SRG LI ST: [default: N]
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Specifies the name(s) of the spatial surrogate(s) to be used in selecting the grid cells for the county
(example: setenv SRG_LIST '100,230").

*  SRGPRO_PATH: [default: N]
Defines the location of spatial surrogate coefficient files.
»  TMPVNAME: [default: TEMP2]

Specifies the variable name for the temperature to extract from MCIP files.

6.9.3.3. Output Files

File Name For mat Description

MOVES OUTFILE ASCII Containsthe absol ute minimum and maximum temper-
atures and average RH values associated with each
reference county

SMOKE_OUTFILE ASCII Contains county-specific min/max temperatures and
averaged RH valuesin local time for every inventory
county and averaging period in the modeling inventory

6.10. Movesmrg

6.10.1. Description

Processing categories: mobile

The Movesmrg is a new, mobile-sources-only program, loosely based on Smkmer ge that combines the
intermediate files produced by the other SMOKE programs (i.e., Grmdat, Spcmat, Temporal). Similar
to Smkmerge, the main goal of M ovesmr g isto create gridded, speciated, hourly air quality model-ready
input files and county-level SCC summaries. The primary difference between M ovesmrg and Smkmerge
isthat M ovesmrg uses the M OV ES emission rate lookup tables to compute emissions on the fly, by
multiplying the emissions factors by hourly VMT (for RPD) or by monthly or annual vehicle populations
(for RPV or RPP).

6.10.2. Processing Order

M ovesmrg must be run after M et4moves and MOVES and before Mrggrid.

M ovesmrg must be run three times to compute on-roadway and off-network (including vapor venting)
emissions processesindividually, since the emission rate cal culation methodsin SM OK E for these categories
are quite different. Once all three emissions processes have been computed, the emission output files can
be merged (optionally along with other 2-D sectors separate from onroad) using M rggrid which combines
any number of 2-D or 3-D hourly, gridded, and speciated emission datafiles.

6.10.2.1. RatePerDistance (RPD) and RatePerVehicle (RPV) Emission
Calculations

For itsRPD and RPV (but not RPP) lookup table cal culations, M ovesmr g uses the gridded hourly temper-
aturesin GMT, and then adjusts the hour of the RPD and RPV lookup tables from local timeto GMT to
get the emission rates for the reference county for the appropriate month. The key lookup fields for the
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6.10.2. Processing Order

factors are hourly temperature and average speed for the RPD |ookup tabl e cal culation, and hourly temper-
ature and hour of the day in local time for the RPV table calculation.

6.10.2.2. RatePerProfile (RPP) Emission Calculations

For its RPP (but not RPD or PPV) lookup table calculations, M ovesmr g uses the RPP |ookup table as an
input file for the emission ratesthat depend not on the gridded hourly temperatures, but on the temperature
profiles output by M etdmoves. The emissions estimates based on the RPP table are computed for the

temporal averaging period specified for the temperature profiles, rather than using hourly gridded meteor-

ology.
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6.10.3. Files and Environment Variables

Figure 6.10. Movesmrg input and output files

If RPD_MODE =Y
RPV_MODE =Y

If MRG_SPCMAT =Y

If RPP_MODE =Y

If RPD_MODE =Y

If RPV_MODE =Y

If RPP_MODE =Y

If RPD_MODE =Y

GRIDDESC

INVTABLE

MEPROC

MFMREF

MCXREF

MRCLIST

MET CRO 2D

\

MGMAT

MOBL

D

________________

________

A
Movesmrg
7)

LOGFILE

Shows input or output

.....................

If MRG_REPSTA_YN =Y
or MRG_REPCNY_YN =Y

Figure 6.10, “Movesmrg input and output files’ [267] shows the input and output files for the Movesmrg
program. The input files are the country, state, and county codes file COSTCY, the grid description file
GRI DDESC, the inventory datatable | NVTABLE, the reference county fuel month file MFMREF, the list

of emission process and associated pollutants file MEPRCC, the reference county cross-reference file
MCXREF, the list of emission factorsfiles by reference county file MRCLI ST, the meteorology files

MET_CRO _2D, the gridding matrix from Grdmat MGVAT, theinventory file output from Smkinven MOBL,
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the speciation matrix from Spcmat MSVAT, the M et4moves output file for SMOKE METMOVES, the
MOV ES-based |ookup tables (RPD, RPV, and RPP), and the daily hour VMT files from Temporal Mr-
MP_(day) . Notethat MET_CRO 2D, METMOVES, and MTMP_( day) areoptiona filesthat areincluded
only in certain situations.

M ovesmr g outputs a model-ready emissionsfile MGTS_L or MGTS_S, areport file REPMGTS_S, and a
log file LOGFI LE.

6.10.3.1. Input Files

File Name Format Description

COsTCY ASCII Country, state and county codesfile

GRI DDESC ASCII Grid Description File

I NVTABLE ASCII Inventory datatable

M-VREF ASCII Reference county fuel month file

MVEPRCC ASCII List of emission process and associated pollutants file
MCXREF ASCII Reference county cross-reference file

MRCLI ST ASCII List of emission factorsfiles by reference county file
MET_CRO 2D(op- |ASCII MCIP meteorology files

tional)

MGVAT ASCII Gridding matrix from Grdmat

MOBL ASCII Inventory file output from Smkinven

VBVAT ASCII Speciation matrix from Spcmat

METMOVES(option-| ASCI| M et4moves output file for SMOKE

a)

MOVES Lookup [ASCII MOVES L ookup Tables (RPD, RPV, and RPP)

Tabl es(RPD,

RPV, and RPP)

MIMP_{ day} (op- |ASCII Daily hour VMT files from Temporal

tional)

6.10.3.2. Input Environment Variables

*  MRG_BYDAY: [default: blank]

String code that specifies which source category isto use a by-day approach for the hourly input files.
It must be set to "M" for a M ovesmr g to create an output file for each day.

 MRG_GRDOUT_YN: [default: N]
Determines whether Movesmrg produces a gridded output file.
* Y: Read the gridding matrix produced by the Grdmat
« N: Do not read the gridding matrix.

* MRG_SPCOUT_YN: : [default: N]

Determines whether M ovesmr g produces a speciated output file.
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6.10.3. Files and Environment Variables

e Y: Read the gridding matrix produced by the Spcmat

* N: Do not read the gridding matrix.

MRG_REPSTA YN _YN: : [default: N]

Determines whether M ovesmr g produces a report of emission totals by county
e Y: Produce the report by Movesmrg

* N: Do not produce the report

If MRG_GRDOUT_UNI T [default: units]

String code that permits user to change the unit of the gridded output file.

If MRG_TOTQUT_UNI T [default: units]

String code that permits user to change the unit of the state/county total report file.
RPD_MODE: : [default: N]

Determines whether M ovesmr g processes rate-per-distance emissions.

e Y: Process rate-per-distance emissions

* N: Do not process rate-per-distance emissions

RPV_MODE: : [default: NJ

Determines whether M ovesmr g processes rate-per-vehicle emissions.

* Y: Process rate-per-vehicle emissions

« N: Do not process rate-per-vehicle emissions

RPP_MODE: : [default: N]

Determines whether M ovesmr g processes rate-per-profile emissions.

e Y: Process rate-per-profile emissions

« N: Do not process rate-per-profile emissions

SMK_EF_MODEL : [default: MOBILES]

Name of the emission rate model to use. To use the MOVES model, it must be set to “MOVES’.
SMK_MVSPATH: [default: blank]

Definesthe temperature increment (in deg. F) for RPD |ookup table to create combinations of min/max
temperature bins

SMK_SOURCE: [default: blank]
Sets the types of source category. It must be set to "M" for M ovesmrg.

TMVPVNANE: [default: TEMP2]
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6.11. Mrgelev

Name of temperature variable to read from the meteorology files for Movesmrg.

6.10.3.3. Output Files

File Name Format Description

MGTS L or MGTS S I/0 APl NetCDF |Model Ready Emissions File
REPMGTS S ASCII Report File

LOGFILE ASCII Logfile

6.11. Mrgelev
6.11.1. Description

Processing categories: point

The Mrgelev merges multiple ASCII elevated files created by Smkmerge. The program can al so output
abinary elevated file needed by CAMx, REMSAD, and UAM models. Mrgelev also handles matching
PinG sources from different inputs, ensuring that only the top 300 emission sources are marked as PinG
sources in the final merged output. For PinG matching, Mrgelev uses PELYV files output by Elevpoint.
Mrgelev usesthe environment variable MRG_DI FF_DAYS to merge filesfrom different daysinto asingle
file.

6.11.2. Processing Order

Mrgelev isused to merge ASCII elevated files created by Smkmerge. If PinG matching is desired, then
output files from Elevpoint are required.

The output binary elevated file from Mrgelev is used when running CAMX, REMSAD, or UAM models.

6.11.3. Files and Environment Variables

Figure 6.11. Mrgelev input and output files

LOGFILE
FILELIST OUTFILE
Mrgelev
---------------- ]
: PELVLIST . PTSOURCE
|
REPMRGELEV
( Program ) | File Shows input or output
! Optional
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6.12. Mrggrid

Figure 6.11, “Mrgelev input and output files’ [270] showstheinput and output filesfor the M rgelev program.
Theinput filesarealist of theASCII elevated files (FI LELI ST) and optionally alist of PELV files created
by Elevpoint (PELVLI ST). In both files, the complete file name including path must be provided. When
using the PELVLI ST file, each file must match the corresponding ASCI | elevated file. The program outputs
alogfile (LOGFI LE), amerged ASCII elevated file (QUTFI LE), amerged binary elevated file (PT-
SQURCE), and areport file (REPMRGELEV).

6.11.3.1. Input Files

File Name For mat Description

FI LELI ST ASCII List of input ASCII elevated files including path and file name

PELVLI ST ASCII List of input PELV filesincluding path and file name; leave en-
vironment variable unset if not processing PinG sources

6.11.3.2. Input Environment Variables

* MRG_DI FF_DAYS: [default: N]
This environment variable allows Mrgelev to merge files with data from different days.
* Y:Allow datafrom different dates to be merged together

Mrgelev will usethe environment variablesG_STDATE, G_STTI ME,G_RUNLEN, andG_TSTEP
to set the start date, start time, length, and time step of the output file. All input files must have the
same starting timeas G_STTI MVE, the same time step as G_TSTEP, and must contain more than
G_RUNLEN steps of data. For each input file, if it containsdatato cover the actual episode requested
by G STDATE, G_STTI ME, and G_RUNLEN, then the data for the actual episode will be used,;
otherwise, data starting at the first time step of the file will be used.

¢ N: Require al merged datato be from the same date

Mrgelev will determine the output file time period based on the latest starting input file and the
earliest ending input file.

6.11.3.3. Output Files

6.12.

File Name For mat Description

LOGFI LE ASCII Log generated from executing Mrgelev

QUTFI LE ASCII Merged ASCII elevated file

PTSOURCE Binary Merged binary elevated file

REPVMRGELEV ASCII Report file summarizing input and output emissions for QA pur-
poses

Mrggrid

6.12.1. Description

Processing categories: all
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6.12.2. Processing Order

The purpose of the Mrggrid program is to combine gridded emission data files, which can be speciated
or nonspeciated, and hourly or time-independent. It can combine any number of 3-D emissions fileswith
any number of 2-D emissionsfiles. In fact, this program will work with any 1/0 APl NetCDF gridded files
and need not be used only for emissionsfiles. The program merges whatever datavariables arein theinput
files. These files can each have different sets of data variables; Mrggrid will sum values only for each
variable that is common to two or morefiles.

Mrggarid checks several features of the input files to ensure that the data in these files are appropriate to
be merged together. All input files must have use the same time step. Mrggrid compares the units of the
variables with the same name and it creates an error message when the units are not identical. It is not
sufficient to have unitsthat are the same in meaning but different in syntax. For example, although tons/hour
and tons/hr represent the same units, M rggrid will not recognize this because of the different syntax. The
user must resolve unit discrepancies before running the program. In addition, Mrggrid compares the hori-
zontal grid settings across all 2-D and 3-D files, and these settings must be identical in all respects (e.g.,
number of cells, grid cell size, grid projection). Finally, Mrggrid checksthelayer structures across multiple
3-D files. The 3-D files can have adifferent number of layers, aslong as any layer common to two or more
files has the same thicknessin each of thefiles; Mrggrid also checksthe I/O API type of vertical structures
and top height, and these must be identical acrossall 3-D files.

6.12.2. Processing Order

Mrggrid can be used with any gridded output files from Smkmerge. It can also be used with other 1/0
APl NetCDF gridded files produced outside of SMOKE.

Output filesfrom Mrggrid are usually model-ready input files that will be used in running an AQM.

6.12.3. Files and Environment Variables

Figure 6.12. Mrggrid input and output files

LOGFILE

OUTFILE
---------------- ]

REPMRGGRID : If MRG_DIFF_DAYS =Y
S - .
1 REPMERGE_ADJ : If ADJ_FACS is set
. _______ ]
Tt - .
1 REPMERGE_SUM : If ADJ_FACS is set
L |
S - .
1 REPMERGE_TAG : If TAG_SPECIES is set
I L o e L
( Program ) | File Shows input or output

________

Figure 6.12, “Mrggrid input and output files’ [272] showstheinput and output filesfor the M rggrid program.
Theinput fileissimply alist of thelogical file namesfor thefilesto be merged (FI LELI ST). The program
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outputsalog file (LOGFI LE), agridded, optionally layered, optionally hourly emissionsfile (QUTFI LE),
and if merging different days, areport file (REPMRGGRI D).

6.12.3.1. Input Files

File Name Format Description

FI LELI ST ASCII List of logical filenamefor 2-D and 3-D gridded I/O APl NetCDF
files; thisfile cannot contain the full paths and file names. Users
should make sure that the logical file names that appear in
FI LELI ST are defined prior to running Mrggrid.

ADJ_FACS ASCII File that lists the species name, the logical file name, and the

_ factor to be applied to all grid cells. The species name must bein
(optional) columnsA, the logical file name in column B, and the factor in

columns C. SMOKE will ignore the case of the text, treating
lower- and uppercase characters as if they were the same. For
example, the following ADJ _FACS file sample would multiply
NO emissionsfromthe MGTS L fileby 1.3 (30% increase) and
multiply PAR from the PGTS L file by 0.6 (40% decrease).

NO, MGTS L, 1.3
PAR, PGTS L, 0.6

(optional)

TAG _SPECI ES |ASCII

Filethat lists the logical file name, the species name, and the tag
name to be appended. The logical file name in column B, the
species name must be in columns B, and the factor in columns
C. SMOKE will ignore the case of the text, treating lower- and
uppercase characters as if they were the same. For example, the
following TAG_SPECI ES file sample would append atag (t1)
to the NO species from the MGTS L file and append atag (t3)
to the PAR from the PGTS L file.

MGTS L, NO, t1
PGTS L, PAR t3

6.12.3.2. Input Environment Variables

MRG DI FF_DAYS: [default: N]

This environment variable allows Mrggrid to merge files with data from different days.

Y: Allow data from different dates to be merged together

Mrggrid will usetheenvironment variablesG_STDATE, G_STTI ME,G_RUNLEN, andG_TSTEP
to set the start date, start time, length, and time step of the output file. All input files must have the
same starting timeas G_STTI MVE, the same time step as G_TSTEP, and must contain more than
G_RUNLEN steps of data. For each input file, if it containsdatato cover the actual episode requested
by G STDATE, G_STTI ME, and G_RUNLEN, then the data for the actual episode will be used,;
otherwise, data starting at the first time step of the file will be used.

N: Require all merged data to be from the same date
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6.13. Normbeis3

Mrggrid will determine the output file time period based on the latest starting input file and the
earliest ending input file.

6.12.3.3. Output Files

File Name

Format

Description

LOGFI LE

ASCII

Log generated from executing Mrggrid

QUTFI LE

[/0 APl NetCDF

Gridded, optionally layered, optionally hourly emission file

REPMRGGRI D

ASCII

Report file generated when MRG_DI FF_DAYSissettoY; the
report lists the date and time for each output time step along with
the actual date and time of the data read from each file

REPVERG_ADJ

ASCII

Report file generated when ADJ _ FACS is set; the report lists the
date, the logical file name, the species name, the factor applied,
adaily total of speciesbefore and after applying adjustment factor,
and theratio (after/ratio). The report only listswhen theratio is
not equal to 1.0

REPMERGE_SUM

ASCII

Report file generated when ADJ _ FACS is set; the report liststhe
date, the species name, adaily total of speciesover all thelogical
files before and after applying adjustment factors, and the ratio
(after/ratio). The report only lists when the ratio is not equal to
1.0

REPMERGE_TAG

ASCII

Report file generated when TAG_SPECI ESisset; thereport lists
the logical files name, species name before and after appending
thetag

6.13. Normbeis3
6.13.1. Description

Processing categories: biogenic

Normbeis3 reads gridded land use data and emissions factors and produces gridded normalized biogenic
emissions. Normbeis3 is the first program in the SMOKE-BEIS3 model; Rawbio is the corresponding
program for SMOK E-BEIS2. The gridded land use includes 230 different land use types. Emissionsfactors
are provided for each land use type. The output gridded domain is the same as the input domain for the
land use data. Emission fluxes are normalized to 30 °C, and isoprene and methyl-butenol fluxes are also
normalized to a photosynthetic active radiation (PAR) of 1000 pmol/mzs. Normbeis3 also computes nor-
malized emissions for winter months, using a winter factor read in from the emissions factor table.

For BEISversion 3.09, Nor mbeis3 outputs winter and summer normalized emissionsfor four species/com-
pounds listed below, as well as winter and summer leaf areaindices (LAI). The output units for |SOP,
MONO and OVOC are grams of carbon per hour; the output units for NO are grams of nitrogen per hour;
and the output units for LAl are meters squared per meters squared.

Variable Name Description
ISOP Isoprene

MONO All monoterpenes
ovocC All other VOCs
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Variable Name

Description

LAI

Leaf areaindices

For BEISversion 3.14, Nor mbeis3 outputs winter and summer normalized emissionsfor the 35 species/com-
pounds (including 14 monoterpenes and 1 sesquiterpene) listed below, as well as winter and summer leaf
areaindices (LAI). The output units for NO are grams of nitrogen per hour; the output unitsfor LAl are

meters squared per meters squared; the unitsfor all other species/compounds are grams of carbon per hour.

Variable Name Description
1SOP | soprene

MBO 2-methyl-3-buten-2-ol
METH Methanol

ETHE Ethene

PROPE Propene

ETHO Ethanol

ACET Acetone

HEXA Hexanal

HEXE Hexenol

HEXY Hexenylacetate
FORM Formaldehyde
ACTAL Acetaldehyde
BUTE Butene

ETHA Ethane

FORAC Formic acid
ACTAC Acetic acid

BUTO Butenone (aka methyl vinyl ketone)
(6(0) Carbon monoxide
ORVOC Other reactive VOCs
NO Nitric oxide

LAI Leaf areaindices
SESQT Sesquiterpene
MONO Monoter penes
APIN Alpha-pinene
BPIN Beta-pinene
D3CAR Delta-3-carene
DLIM D-limonene
CAMPH Camphene
MYRC Myrcene

ATERP Alpha-terpinene
BPHE Beta-phellandrene
SABI Sabinene
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Variable Name Description
PCYM P-cymene

OCIM Ocimene

ATHU Alpha-thujene
TRPO Terpinolene
GTERP Gamma-terpinene

6.13.2. Processing Order

Normbeis3 isthefirst program for processing biogenic emissions using the SMOK E-BEI S3 prototype.
Normbeis3 must be executed before Tmpbeis3.

6.13.3. Files and Environment Variables

Figure 6.13. Normbeis3 input and output files

B3FAC
BELD3_A \ B3GRD
Normbeis3
BELD3_B — LOGFILE
BELD3_TOT
C Program ) | File | Shows input or output

Figure 6.13, “Nor mbeis3 input and output files’ [276] showsthe input and output filesfor the Nor mbeis3
program. The input files are the emission factors file (B3FAC), the gridded land use file for the first 120
land use types (BELD3_A), the gridded land use types for the next 110 types (BELD3_B), and the land
use totals datafile (BELD3_TOT).

Nor mbeis3 outputs a gridded, normalized biogenic emissions file (B3GRD) and alog file (LOGFI LE).

6.13.3.1. Input Files

Gridded land use data can be created using GIS software, such as Arcinfo. Another tool that can be used
to generate gridded land use data is the SMOKE Tool in Models-3 (see Models-3 documentation). The
typical database used to generate the BELD3_A, BELD3_B, and BELD3_TOT filesisthe BELD3. Future
versions of SMOKE may include a method for creating land use files for use with Nor mbeis3.

File Name Format Description

B3FAC ASCII Emission factorsfile

BELD3_A I/0O API NetCDF |Gridded land use (first 120 land use types)
BELD3_B I/O APl NetCDF |Gridded land use (last 110 land use types)
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6.14. Premobl

File Name For mat Description
BELD3_TOT I/O APl NetCDF |Land usetotals data

6.13.3.2. Input Environment Variables

None

6.13.3.3. Output Files

See Section 6.15, “Rawbio” [280] for the output variables contained in B3GRD for BEIS version 3.09 and

version 3.14.
File Name For mat Description
B3GRD I/0O APl NetCDF |Gridded, normalized biogenic emissions (in grams of carbon or

nitrogen per hour, depending on the species) and LAI: contains
both summer and winter normalized emissions

LOGFI LE ASCII Log generated from executing Nor mbeis3

6.14. Premobl
6.14.1. Description

Processing categories: mobile

The Premabl program inputs gridded, time-dependent meteorol ogy data and an ungridding matrix produced
by the Grdmat program. Premobl creates 24-hour temperature and humidity profiles for each county
group based on settings obtained from M bsetup.

6.14.1.1. Definition of a “day”

Premobl seeksto obtain 24 hours’ worth of meteorology datafor a source for each day, which is necessary
for generating emission factors. However, the definition of a“day” differsfor sourcesin different time
zones. By default, Premobl uses each source’stime zone to determine aday for that time zone. To instead
use the same day-start-time for all sources, the UNI FORM_STI ME environment variable can be used.

If the inventory covers multiple time zones, all sources will not have the same coverage of days. Premobl
will use meteorology data from previous or subsequent daysto fill in missing data. If appropriate data are
not available, the program will quit with an error and you must provide additional meteorology data to
cover the time period of interest. Currently, Premobl does not considers Daylight Saving timein its de-
termination of “day”.

6.14.2. Processing Order

Smkinven, Grdmat, and M bsetup must be run before Premobil.
Premobl program must be run before Emisfac.

Premobl is needed only if activity data are used in the SMOKE mobile-source inventory file.
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6.14.3. Files and Environment Variables

Figure 6.14. Premobl input and output files

If using monthy averaging ,

____________

Premobl

Shows input or output
—

1

1

Hourly temperatures

LOGFILE

Figure 6.14, “ Premabl input and output files” [278] showstheinput and output filesfor the Premaobl program.
The input filesinclude the group files output by M bsetup. Thesefileslist the counties that use each given
type of meteorology averaging: daily (DAl LYGROUP), weekly (WEEKL YGROUP), monthly (MONTHLY-

GROUP) and episodic (EPI SODEGROUP). Premobl aso uses afilelisting the available meteorology files
(METLI ST), theinventory file output from Smkinven (MOBL), the ungridding matrix file (MUMAT) output
by Grdmat, and the speed summary file (SPDSUM) from M bsetup.

Premobl outputs automatically named files containing hourly meteorology data. The program also writes
alog file detailing the program’s execution (LOGFI LE).

6.14.3.1. Input Files

File Name Format Description

DAl LYGROUP (optional) ASCII List of counties using day-average meteorology data,
from Mbsetup

EPI SODEGROUP (optional) |ASCII List of counties using episode-average meteorology
data, from Mbsetup

METLI ST ASCII Listing of MET_CRO_2Dor MET_CRO_3D meteoro-
logy files, with full names and paths

MOBL SMOKE map Intermediate inventory file produced by Smkinven
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File Name For mat Description

MONTHL YGROUP (optional) |ASCII List of countiesusing month-average meteorology data,
from Mbsetup

MUVAT I/O APl NetCDF |Ungridding matrix from Grdmat

SPDSUM ASCII Vehicle speed summary file produced by Mbsetup

VEEKL YGROUP (optional)  |ASCII List of counties using week-average meteorology data,
from Mbsetup

6.14.3.2. Input Environment Variables

EPI _RUNLEN: [default: O]

Setsthe overall episode duration (HHMMSS).

EPI _STDATE: [default: O]

Setsthe overall episode start date; Julian format (YYYYDDD).

EPI _STTI ME: [default: O]

Sets the overall episode start time (HHMMSS). Midnight may be entered as O instead of 000000.
QUTZONE: [default: 0]

Indicates offset from Greenwich Mean Time (GMT) for episode start date and time. OQUTZONE should
be set to the standard time for the time zone of interest; SMOKE will adjust to Daylight Saving time
for episodes that are during periods and in regions where Daylight Saving time applies.

Table 2.9, “ Example OQUTZONE settings and their associated time zones’ [77] provides alowed values
for OUTZONE. The CMAQ and MAQSIP models expect OUTZONE to be 0, while other models such
asUAM-1V, UAM-V, REMSAD, and CAMy often usetimezone5. All models expect that the emissions
and the meteorology data provided to the model will have a consistent time zone. SMOK E expectsthat
the meteorology datawill bein GMT.

Note that SMOKE expects OUTZONE to be set as a positive number for time zones in the Western
Hemisphere, although standard notation would list these as negative values. For example, Eastern
Standard Time is-5:00 hours from GMT, but OUTZONE for EST in SMOKE is 5.

SVK_MAXTEMP: [default: 120.0 (from MOBILES)]

Defines the maximum allowable hourly temperature (°F).

SMK_METPATH: [default: . ]

Directory for the hourly meteorology files.

SMK_M NTEMP: [default: 0.0 (from MOBILES6)]

Defines the minimum allowable hourly temperature (°F).

SMK_SOURCE: See description in Section 6.2.3.2, “Input Environment Variables’ [236].

TVARNAME: [default: TEMPG]
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Name of the temperature variable to read from the meteorology input data.
» UNI FORM_STI ME: [default: -1]

Indicates day starting time for all sources (HHMMSS); -1 uses time zones to determine the start of a
day.

6.14.3.3. Output Files

File Name Format Description
${QAP_TYPE} . {dat e} . ncf |I/O APl NetCDF |Hourly meteorology files
LOGFI LE ASCII Log generated from executing Premobl

6.15. Rawbio
6.15.1. Description

Processing categories: biogenic

Rawbio reads the county-level biomass/land use or gridded land use, the emissions factors (winter or
summer table), and (optionally) gridding surrogate factors, and produces gridded normalized biogenic
emissions. Rawbio isthefirst program in the SMOK E-BEIS2 model, while Nor mbeis3isthe corresponding
program in SMOKE-BEIS3. When the land use data is available only at the county level, the surrogate
factors are used to produce gridded land use data. You can assign a surrogate code to be used for each of
the following land coverage categories, using environment variables:

e pineforest

* deciduousforest

» (other) coniferous forest
» al (other) forest

e agriculture

* grassands

+ wetlands

+ other land uses

o LAI

The default surrogate code for al of these land coverage categoriesis 60, which isthe EPA Models-3 area
surrogate code. If surrogate data exist for these specific land coverage categories, better results may be
achieved by careful choice of surrogate mapping.

Gridded land use can be created using GI S software (such as Arclnfo) by someone with expertisein gen-
erating gridding surrogates. The Beld3to2 utility can create gridded land use from BEL D3 data (see Sec-
tion 5.3, “Beld3to2” [209]).
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6.15.2. Processing Order
Rawbio isthefirst program for processing biogenic emissions.
Rawbio must be run before Tmpbio.

The Beld3to2 utility program can be executed to produce gridded land use for input into Rawbio.

6.15.3. Files and Environment Variables

Figure 6.15. Rawbio input and output files

________________

If GLUSE_YN =N, BCUSE g

Qe ... _______J

BFAC

________________ . BGRD
If GLUSE_YN =N, BGPRO — Rawbio

e e e

________________ ! LOGFILE
If GLUSE_YN =Y | BGUSE ,

______________ ]

GRIDDESC
( Program ) | File Shows input or output
—>

________

Figure 6.15, “Rawbioinput and output files’ [281] showstheinput and output filesfor the Rawbio program.
If not using gridded land use, Rawbio reads county land use from the BCUSE file. The summer or winter
emission factors are provided in the BFAC file. County land use requires gridding surrogates from the
BGPROfile; otherwise, gridded land use can be input as the BGUSE file. Rawbio also requires the grid
description file (GRI DDESC).

Rawbio outputsagridded, normalized biogenic emissionsfile BGRD. Note that the default SMOKE scripts
run Rawbio twice to create both summer and winter BGRD files. Like other SMOKE programs, Rawbio
output a program log file, LOGFI LE.

6.15.3.1. Input Files

File Name Format Description

BCUSE (optional) |ASCII County land use data

BFAC ASCII Summer or winter emission factorsfile
BGPRO (optional) [ASCII Gridding surrogates data

BGUSE (optional) [ASCII Gridded land use data

GRI DDESC ASCII Description of the modeling grid
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6.15.3.2. Input Environment Variables

* AGRI _SURG [default: 60]

Surrogate code to use for agriculture allocation.
« ALLFOR_SURG [default: 60]

Surrogate code to use for al (other) forest allocation.
»  CONF_SURG [default: 60]

Surrogate code to use for (other) coniferous forest allocation.
« DECD_SURG [default: 60]

Surrogate code to use for deciduous forest allocation.
* GLUSE_VYN: [default: N]

Indicates whether to use gridded land use data.

e Y: Usegridded land use data

e N: Use county-total land use data and gridding surrogates
* CRASS_SURG [default: 60]

Surrogate code to use for grasslands allocation.
* LAl _SURG [default: 60]

Surrogate code to use for LAI allocation.
« OTHER_SURG [default: 60]

Surrogate code to use for other land uses allocation.
* Pl NE_SURG [default: 60]

Surrogate code to use for pine forest allocation.
« WETL_SURG [default: 60]

Surrogate code to use for wetlands allocation.

6.15.3.3. Output Files

File Name For mat Description
BGRD I/0O API NetCDF |Gridded, normalized biogenic emissions
LOGFI LE ASCII Log generated from executing Rawbio
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6.16. Smkinven
6.16.1. Description

Processing categories: area, mobile, point

Smkinven reads in the raw input data, sorts the records, and creates the SMOKE inventory files that are
required by most of the SMOKE programs. The program is run separately for area-, mobile-, and point-
source processing. Smkinven reads annual, average-day, day-specific, and hour-specific inventory files.
The annual and average-day inventory data are combined into a single inventory. The output also indicates
whether the data started out as annual or average-day data; such “temporal origin” information is needed
by the Temporal program to determine whether to apply monthly adjustments. Smkinven can also import
gridded one-layer annual or average-day emissionsin I/O APl NetCDF format.

Smkinven writes several SMOKE inventory files for each source category: an ASCII file containing all
character-string fields from the inventory, individual 1/0 API NetCDF files containing emissions data for
each output pollutant, and an ASCII map file listing the names and locations of each file. The character
string fields cannot be stored in the I/0 APl NetCDF file because of limitations of the /O API library.
When day-specific and hour-specific data are available (this applies only for point sources), Smkinven
can also read these data, and produce separate 1/0 APl NetCDF files for each data type (day-specific or
hour-specific).

Smkinven supports the following input file formats and source categories:
» |DA for area, mobile, point
» IDA mobile extended (modified to support VMT and pollutants)

» SMOKE one-record-per-line (ORL) format for nonpoint, nonroad mobile, on-road maobile, and point
sources

*  SMOKE one-record-per-line (ORL) format for fire point sources (modified to support wildfires and
prescribed fires characteristics and pollutants)

»  EMS-95 area, mobile nonlink (column-specific and list-directed), point
» Specia mobile link format
* EMS-95 hour-specific point (can a so be used to match with IDA inventories)

» EMS-95 day-specific (modified hour-specific format) point (can also be used to match with IDA in-
ventories)

» ASCII Continuous Emissions Monitoring (CEM) format (hour-specific point-source emissions); must
be used with IDA inventory files for annual or seasonal inventory data.

» Listformat (for combining multiplefiles of the same or compatible formats) for area, mobile, and point

» Gridded one-layer annual or average-day NetCDF 1/O APl emissions data (must be treated as an area
Source)

It is not possible to import only day- or hour-specific datafrom EMS-95 input files. If only such data are
to be used, mock annual files must be created; see Section 8.2.6, “PTDAY: Point source day-specific
emissions’ [396] and Section 8.2.7, “PTHOUR: Point source hour-specific emissions’ [398] for moreinform-
ation on the required formats.
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6.16.2. Processing Order

Thelist format issimply alist of file names with paths with a special format identifier that allows all files
in the list to be processed together. To use alist format, all input files must have the same or compatible
formats.

When using CEM data, you are encouraged to preprocess your datato prepare them down to the dates
and/or sources in the domain. The sources in the grid will be selected based on matching to the inventory
(if the inventory isfor only states within the modeling grid) and/or by the Grdmat program, which will
remove sources outside the grid from the model-ready results.

Smkinven also can process the hourly CEM datain a more sophisticated way. Hourly heat input from the
CEM data are used to allocate annual emissons to hourly emission data. More information are available
at (Section 5.5, “CEM Scan” [211]) and (Section 2.9, “Inventory import” [60])

If new sources are added to the input files or sources are removed, Smkinven must be rerun for that type
of source. However, Smkinven does not need to be rerun when processing additional control scenarios,
growth projections, speciation profiles, or modeling grids.

By default, Smkinven will fill in missing average-day data with annual data when possible. To fill in
missing annual data with average-day data, usethe FI LL_ ANNUAL setting.

6.16.2. Processing Order

Smkinven must be run for a given processing type (i.e., area, mobile, point) before any other SMOKE
programs for that processing type can be run.

When processing CEM data, the utility program CEM Scan must be run before Smkinven.
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6.16.3. Files and Environment Variables

Figure 6.16. Smkinven input and output files for area sources

If IMPORT_GRDIOAPI_YN =Y , AG §
L
;' _______________ 1
If IMPORT_AVEINV_YN =Y , ARINV ]
————— AREA
e ]
If SMK_ARTOPNT_YN =Y | ARTOPNT ! e o o e
1
e — : Ascc :
1
---------------- ! S —
If IMPORT_GRDIOAPL_YN =N | COSTCY —{ Smkinven If IMPORT_AVEINV_YN = Y
SR, _ —
LOGFILE
INVTABLE
________________ g
If SMK_NHAPEXCLUDE_YN =Y , NHAPEXCLUDE ] REPINVEN
L
:_ _______________ 1
If SMK_ARTOPNT_YN =Y , SCCDESC !
|
P Fil Shows input or output
C rogram ) I e

________

Figure 6.16, “ Smkinven input and output files for area sources’ [285] shows the input and output files for
Smkinven for areasources. If importing gridded data, Smkinven readsthe AGfile; for the annual inventory,
Smkinven readsthe ARI NV file. The ARTOPNT fileisused to assign point-source locationsto area sources,
and the COSTCY file is used to assign time zones to the annual inventory data. Smkinven also usesthe
inventory datatable (I NVTABLE), the optional NONHAP exclusions file (NHAPEXCLUDE), and the SCC
description file (SCCDESC) if processing area-to-point sources.

Smkinven outputs an annual and average-day inventory emissions file (AREA), afile listing the inventory
SCCs (ASCC), alog file (LOGFI LE), and areport containing various information about the processed in-
ventory (REPI NVEN).

285



6.16.3. Files and Environment Variables

Figure 6.17. Smkinven input and output files for mobile sources

COSTCY
INVTABLE LOGFILE
MBINV MOBL
Smkinven
MCODES MSCC
:_ _______________ 1
If SMK_NHAPEXCLUDE_YN =Y , NHAPEXCLUDE ! REPINVEN
PPN PP
;' _______________ 1
If IMPORT_VMTMIX_YN =Y , VMTMIX ]
L
C Program ) | File Shows input or output
—>

Figure 6.17, “ Smkinven input and output files for mobile sources’ [286] shows the input and output files
for Smkinven for mobile sources. Theinput filesinclude the country, state and county codesfile (COSTCY),
theinventory datatable (I NVTABLE), theraw inventory file (MBI NV), and the mobile codesfile (MCODES).
The NONHAP exclusions file (NHAPEXCLUDE) is optional asisthe VMIM Xfile.

Smkinven outputsalog file (LOGFI LE), an annual and average-day inventory emissions file (MOBL), a
file listing the inventory SCCs (MSCC), and areport containing various information about the processed
inventory (REPI NVEN).
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Figure 6.18. Smkinven input and output files for point sources

If processing CEM data | CEMSUM .
LOGFILE
COSTCY
PDAY
INVTABLE R \N\ [ [ ee——————
If DAY_SPECIFIC_YN =Y
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Smkinven PNTS
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If DAY_SPECIFIC_YN =Y , PTDAY
T T2 7 2 N N
PTREF_ALT
If HOUR_SPECIFIC_YN = Y ! PTHOUR T
T If inventory is EMS-95 format
PTINV REPINVEN
---------------- !
If HOUR_SPECIFIC_YN =Y | SCCDESC !
( Program ) I File Shows input or output

________

Figure 6.18, “ Smkinven input and output filesfor point sources’ [287] showstheinput and output filesfor
Smkinven for point sources. The input files include the optional CEM summary file (CEMSUM created
by CEM Scan, the country, state and county codes file (COSTCY), the inventory datatable (I NVTABLE),
and the optional NONHAP exclusions file (NHAPEXCLUDE). If importing hour-specific data, the ORIS
facility description file ORI SDESC s used. The PSTK file provides replacement stack parameters. Day-
specific dataisread from the PTDAY file, while hour-specific data comes from the PTHOURfilg; the PTI NV
file provides the raw inventory data. For hour-specific data, the SCC description file (SCCDESC) isaso
needed.

Smkinven outputs alog file (LOGFI LE), and optional day-specific inventory (PDAY), and an optional
hour-spceific inventory (PHOUR). The annual and average-day inventory emissions are stored in the PNTS
fileand the PSCCfileliststheinventory SCCs. For EM S-95 formatted inputs, an optional temporal profiles
file(PTREF_ALT) isoutput. Finally, the REPI NVEN report contains variousinformation about the processed
inventory.
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6.16.3.1. Input Files

File Name Format Source |Description
Type

AG (optional) /O APl NetCDF |A Gridded annual or average-day data; thisfile can
be created by Smkmer ge and must be time-inde-
pendent

[ AR| MB| PT] I NV ASCII A, M, P [Annua and average-day emissions and source
characteristics raw inventory data

ARTOPNT (optional) ASCII A Area-to-point cross-reference file for assigning
X andY locations to area sources

CEMSUM (optional) ASCII P CEM summary data produced by CEM Scan

COsTCY ASCII A, M, P |Country, state, and county codes file, with time
zones

| NVTABLE ASCII A, M, P |Inventory datatable listing pollutant and activity
names

MCODES ASCII M Mobile codes for converting road classto road
type and vehicle type name to vehicle type num-
ber

NHAPEXCL UDE (option- | ASCII A, M, P [List of counties and SCCsto exclude from toxics

a) integration

ORI SDESC (optional) |ASCII P ORI S facility descriptions, needed for getting
ORI Sfacility namesfor reporting purposes when
CEM hour-specific data are read

PSTK ASCII P Replacement stack parameters file

PTDAY (optional) ASCII P Day-specific raw inventory data

PTHOUR (optional) ASCII P Hour-specific raw inventory data

SCCDESC (optional) ASCII P SCC descriptions, needed for reading CEM hour-
specific data only, to select electric generator fa
cilitiesin the inventory

VMI'M X (optional) ASCII M Assigns fractions of VMT to individual vehicle

types; used when importing EM S-95 mobile data

6.16.3.2. Input Environment Variables

* ALLOW NEGATI VE: [default: N]

Indicates if Smkinven should permit negative emissions values to be input from inventory files and
output to SMOKE intermediate files.

e Y:Accept negative emissionsvalues and will allow compute variables (from the SMKI NVEN_FOR-
MULA variable) to be negative. Smkinven gives warnings for each negative value in the inventory
input and each computed value, until triggering the SMK_ MAXWARNI NG setting's values.

< N: Do not permit negative emissions val ues. Accept negative emissionsvaluesin theinput inventory
files, and will give errors for these. Smkinven will reset all negative computed values (from the
SMKI NVEN_FORMULA variable) to zero. Smkinven gives warnings for each negative computed
value and indicates that the value was reset to zero.
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CHECK_STACKS_YN: [default: Y]

Indicatesif stack parameter values should be checked for missing or out-of-range values; only checked
if SMK_SOURCE issetto P,

e Y: Check input stack parameters for missing or out-of-range values
* N: Do not check input stack parameter values

DAY_SPECI FI C_YN: [default: N]

Defines whether to import day-specific inventory data.

e Y: Import day-specific data

« N: Do not import day-specific data

FI LL_ANNUAL: [default N]

Allows annua datato be filled in with average-day data.

e Y:Use"Y” when annual emission numbers are blank for some records of the inventory but not all
records. The emissionsvalueswill befilled in using the average-day emissionsfield, by multiplying
the average-day number by the number of days in the inventory year (365 or 366). This option is
useful when some sources have only annual data and some sources have only average-day data.
Although the annual number will befilled in using the average-day one, the average-day emissions
will be output from SMOKE as awhole. Note that SMK_AVEDAY _ YN should be set to N in other
SMOKE programs when this option has been selected.

e N: Do not fill inannual data based on average-day emissions values.
FLOW RATE_FACTOR: [default: 15875 ft/MMBTU]

Used to calculate hourly flow rates from hourly heat input when reading CEM data. If
FLOW RATE_FACTORIs set to zero or unset, then Smkinven will not calculate hourly flow rates.
TDetail information is described in Section 2.9.19, “Processing hour-specific CEM data’ [73]

hourly flow rate (m®/s) = [FLOW RATE_FACTOR (ft/MMBTU) * hourly heat input (MMBTU/hr) *
0.02831 m¥/ft%] / 3600 ghr

FULLSCC_ONLY: See description in Section 6.2.3.2, “Input Environment Variables’ [236]. In this
context, this option affects cross-referencing for the ARTOPNT, NHAPEXCLUDE, and VMIM X files
by preventing left-7 SCC assignments. It also prevents left-2 and |eft-4 SCC assignments for
NHAPEXCLUDE.

HOUR_SPECI FI C_YN: [default: N]

Defines whether to import hour-specific inventory data.
e Y: Import hour-specific data

« N: Do not import hour-specific data
HOURLY_TO DAl LY: [default: N]

Defines whether to treat the hour-specific inputs as day-specific data.
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e Y:Usedaily-total column only from hour-specific input file, and process as day-specific data. This
setting does not work for input of hour-specific data using CEM format.

e N: Treat hourly file as hourly data
HOURLY_TO_PROFI LE: [default: N]
Defines whether to treat the hour-specific inputs as hour-specific temporal profiles.

e Y: Treat hourly data astemporal profile, and divide each hourly value by value in the daily total
column of the file. The values are not renormalized. The resulting hour-specific output file will be
recognized by the Temporal program as containing hourly profiles. This setting does not work for
input of hour-specific data using CEM format.

e N: Treat hourly file as hourly data
HOURLY_W DE_FMT: [default: N]
Defines whether to import the hour-specific datain EM S-95 wide format or not.

e Y: Import hour-specific datain Table 8.44, “EMS-95 Wide Format for individual hour-specific
files’ [401]

e N: Import hour-specific datain Table 8.43, “EMS-95 Format for individual hour-specificfiles’ [400]
| MPORT_AVEI NV_YN: [default: Y]

Defines whether to import the annual and average-day inventory data. Thisis set to N to import day-
specific or hour-specific data after Smkinven has previously been run for the annual and average-day
data.

e Y: Import annual and average-day inventory datafrom PTI NV file

¢ N: Use SMOKE inventory files from a previous run of Smkinven to get the SMOKE source char-
acteristics to match with the day-specific and hour-specific sources

| MPORT_GRDI OAPI _YN: [default: N]

Defines whether the program will import a gridded 1/0 APl NetCDF inventory file. This setting can
be used only with area-source processing, and it overrides al other program settings for importing data
(e.g., day- and hour-specific dataimport will be shut off).

e Y:Import gridded I/O API data

« N: Do not import gridded I/O API data

| MPORT_VMIM X_YN: [default: N]

Indicates whether VM T mix data should be imported.

e Y: Import VMIM X file; required if using EMS-95 mobile format
e N: Do notimport VMT mix data

I NVNAMEL : [default: none]

Sets root for naming output map inventory file
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I NVNAME2: [default: none]
Sets root for naming output ASCII inventory file
NONHAP_TYPE: [default: VOC]

Define the pollutant types either VOC or TOG for criteriadd HAPVOC (or TOG) integration. See Sec-
tion 2.9.5, “Combine toxics and criteriainventories’ [63] for amore detail description of criteriadd HAP
VOC integration. This option will be used only when SMK_NHAPEXCLUDE_YN or SMK_I NTEG-
RATE_ALL_YNissettoY.

RAW DUP_CHECK: [default: N]

Defines whether the program checks for duplicate records in the input file.

e Y: Check for duplicates, and produce afatal error if found

* N: Do not check for duplicates, and add emissions from duplicate records
SMK_ARTOPNT_YN: [default: N]

e Y:Assign X andY coordinates to specified sources based on the ARTOPNT cross-referencefile
* N: Do not perform area-to-point processing

SMK_BASEYR_OVERRI DE: [default: O]

Used to override the base year determined by the inventory.

SMK_DEFAULT_TZONE: [default: 5]

Defines the default time zone to use for sources that do not match entries in the COSTCY file.
SMK_EMS95_FI XFMT: [default: N]

Indicates whether mobile EM S-95 inventory isfixed format (column-specific) or freeformat (delimited
list).

e Y: Mobile EMS-95 inventory is fixed format

¢ N: Mobile EMS-95 inventory is free format

SMK_MAXERROR: [default: 100]

Defines the maximum number of ERROR statements to be displayed by SMOKE.
SVK_MAXWARNI NG; [default: 100]

Defines the maximum number of WARNING statements to be displayed by SMOKE.
SMK_NHAPEXCLUDE_YN: [default: N]

For SMOKE version 2.6 and higher, this environment variable is replaced by SMK_PROCESS HAPS
to provide more optionsto Smkinven toinclude/exclude sourcesfor NONHAP[VOC|TOG] calculations.
Once SMK_PROCESS_HAPS is set, SMK_NHAPEXCLUDE._ YN gets deactivated.

* Y: Read NHAPEXCL UDE cross-reference file and do include or exclude the specified sources from
the NONHAP[VOC|TOG] calculation depending on a header of the NHAPEXCL UDE file. See
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Section 8.10.6, “NHAPEXCL UDE: NonHAPVOC calculation inclusions/exclusionsfile” [474]. The
purpose of this operation is described in Section 2.9.5.1.4, “ Toxics-CB4, no-integrate” [67]

« N: Integrate al sourcesif atoxicsinventory has been provided. This will lead double counting
toxics. Does not require an NHAPEXCL UDE file

SMK_PROCESS HAPS: [default: blank]

Defines how to treat sources for combining criteriaVVOC and hazardous air pollutants (HAP) together.
See Section 2.9.5, “Combine toxics and criteriainventories’ [63] for more detail. Onceit is set, it will
override the setting of SMK_NHAPEXCL UDE_YN.

e ALL: Treate al sources as integrated if atoxics inventory has been provided. Does not require an
NHAPEXCLUDE file

* NONE: Treat al sources as non-integrate if atoxicsinventory has been provided. Does not require
an NHAPEXCL UDE file

e PARTIAL: Read the NHAPEXCL UDE cross-referencefile and either include or exclude the specified
sourcesfrom the NONHAP[VOC|TOG] cal culation depending on the header of the NHAPEXCL UDE
file. See Section 8.10.6, “NHAPEXCLUDE: NonHAP VOC calculation inclusions/exclusions
file" [474].

SIMK_ SOURCE: See description in Section 6.2.3.2, “Input Environment Variables’ [236]
SMK_TMPDI R: [default: . ]

Sets the path for writing temporary files needed when importing the inventory.

SMKI NVEN_FORMULA: [default: blank]

Allows you to specify aformulafor computing one or more pollutant values from the values of other
pollutants. To use, users should set the value of SMKI NVEN _FORMULA to a double-quote-enclosed

string of 512 characters or less, using acomma-delimited list of formulas. No spaces are necessary in
the formulalist. Only formulas of a specific structure are accepted. Specifically, one of the following:

e OUTPUT =INPUT1 +INPUT2
e OUTPUT =INPUT1 - INPUT2

For example, if theformulaisset to“PMC=PM 10-PM2_5,EXH__PMC=EXH__PM10-EXH__PM2 5",
then Smkinven will compute two new variables: (1) PMC, asthe difference between PM 15 and PM5 5
and (2) EXH__PMC asthe difference between exhaust PM 1o and exhaust PM,, . The pollutant units
are taken from thefirst variable in each formula. The variables used as input in the formulawill still
be output to the SMOKE inventory file. If the formulais not set, no additional variableswill be written
to the SMOKE inventory file. An output from one formula may not be used as an input to another
formula. In the OUTPUT pollutant name is the same asan INPUT pollutant name from the inventory
file, Smkinven will give an error indicating that the second pollutant could not be written (e.g. if com-
puting PMC when PMC is already in the raw inventory data). If INPUTZ2 is ommitted, an error will
also occur. Formulas using multiplication and division are not yet implemented.

VELOC RECALC: [default: N]

Defineswhether stack velocity isrecal culated in order to make the vel ocity consistent with the reported
flow and diameter.
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* Y: Recalculate stack velocity

e N: Output the input stack velocity

« VEST_HSPHERE: [default: Y]

Defines how spatial coordinates are interpreted.

e Y: Convert longitudinal coordinates for the Western Hemisphere (positive values are converted to

negative values)

« N: Do not convert longitude values (positive values are not changed)

*  VKDAY_NORMALI ZE: [default: Y for EMS-95 input format, N for all other formats]

Clarifies the nature of the “average-day” dataread in by Smkinven and will impact the Temporal
program processing of EM S-95 formatted data of type“AD” and average-day datafor all other formats.

e Y:Average-day emissionsinput to Smkinven are based on weekday emissionsonly. In Temporal,
these emissions will be adjusted with weekly profiles normalized with weekdays only (Monday

through Friday)

* N: Average-day emissions input to Smkinven are based on all days of the week. In Temporal,
these emissions will be adjusted with weekly profiles normalized with all days of the week.

« WRI TE_ANN_ZERO [default: N]

Indicatesif annual emission values equal to zero should be written to the intermediate inventory file

* Y: Write zero emission values; this option makes the intermediate inventory file larger but is
sometimes necessary when only daily or hourly datais provided and the entries in the annual in-
ventory are dummy values

* N: Do not write zero values

6.16.3.3. Output Files

File Name Format Description

[ AREA| MOBL| PNTS] |SMOKE map Annual and average-day inventory emissions and source
characteristics

[ ASCC| MSCC| PSCC] |ASCII List of SCCs appearing in the raw inventory file

LOGFI LE ASCII Log generated from executing Smkinven

PDAY (optional) I/0 APl NetCDF | Day-specific inventory emissions assigned to sourcesin
annual/average-day files

PHOUR (optional) I/0O APl NetCDF |Hour-specific inventory emissions assigned to sourcesin
annual/average day files

PTREF_ALT (optional) |ASCII Temporal profile identification codes per source; available
when EM S-95-formatted point-source data are input

REPI NVEN (optional) |ASCII Inventory report file; contents depend on theinventory being

processed, but can include:

CEM section:
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File Name Format Description

¢ ORISIDsfrom the CEM matched to the inventory

¢ ORISIDsfromthe CEM not matched to the inventory

« Power-generating inventory sources not matched to the
CEM

Toxics section:

e Total emissions and number of inventory records by
CAS number

e Total emissions before and after aggregation by CAS
number

Area-to-point section:

e SCCsinthe ARTOPNT file but not in the inventory
¢ Total emissionsbefore and after area-to-point processing
by pollutant, state, and SCC

6.17. Smkmerge

6.17.1. Description

Processing categories: area, biogenic, mobile, point

The Smkmer ge program combines the matrices produced by the other SMOKE programs to produce the
emissions files for input to the AQM. The Smkmerge program may be run on any combination of source
types and may incorporate temporal, speciation, projection, and spatia processing.

If Smkmergeisrun to produce the input files to the AQM, all the other SMOKE programs must already
have been run. However, you can also run Smkmer geto produce specialized reports. In that instance, only
the required subset of SMOKE programs must have been run prior to Smkmer ge.

Smkmer ge can be used to create 2-D or 3-D gridded, hourly, speciated files. It also outputs the hourly
emissions file for PinG sources needed by CMAQ and MAQSIP. Finaly, it outputs an ASCI| elevated
point sourcesfile, suitable for postprocessing with the Ptsrce program of EPS2.0/EPS2.5. If PinG sources
have been selected and an ASCI| elevated sourcesfile is output, then SMOKE will set the stack diameters
to negative values for the PinG sources.

6.17.1.1. By-day processing

Smkmer ge can use aby-day processing approach, to read in one-day hourly filesfor each day of the week.
When the MRG_BYDAY environment variableisset to A, M, P, or any combination of those letters, Smk-
mer ge reads a different logical file name for each day of the week for the hourly emission input files for
the indicated sources.

For example, if the MRG_SOURCE environment variable is set to AMBP, Smkmerge will expect the fol-
lowing hourly input files: ATMP, BGTS_[ S| L] , MTMP, and PTIMP, for area, biogenic, mobile, and point
source types respectively. If, in addition, MRG_BYDAY is set to “A”, then the hourly input files expected
by Smkmer ge for area sources would be the ATMP_{ day} files. Thefilesfor the other source types
would remain the same.
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TheMRG_BYDAY optionisuseful for implementing aM onday-weekday-Saturday-Sunday (MWSS) approach
to save processing time for long episodes. This approach is applicable when weekly temporal profilesused
by an inventory do not have variation between the five weekdays. In the MWSS approach, Monday is
processed separately, because time zone differences across a large domain cause some Sunday emissions
for some time zones to be in the Monday file. Additional environment variables other than the defaultsin
the Assigns file need to be set when this option is applied. Smkmerge will prompt for a different file for
each day of the week, but the logical file names for Tuesday through Friday can be defined as the same
file when implementing the MWSS approach.

6.17.2. Processing Order

All other SMOKE core programs except the optional program Mrggrid prepare input for the Smkmerge
program. Smkmer ge is the last nonoptional SMOKE program to be run.

Individua output files from Smkmerge can be merged using Mrggrid if desired.

6.17.3. Files and Environment Variables

Figure 6.19. Smkmerge input and output files for area sources

________________

If MRG_CTLMAT_MULT | ACMAT .
0 ____________ ]
AGMAT
AREA
Tt ' O T T T T
If MRG_CTLMAT_REAC | ARMAT , AG[T][S][C][_L|_S]
e ____ ] L 1
oo . If MRG_GRDOUT_YN =Y
If MRG_SPCMAT =Y | ASMAT ,
‘e————————— Smkmerge LOGFILE
IfMRG_TEMPORAL_ YN =Y "~ = ad
and not MRG_BYDAY  ,_____ “T mTTTTTmTomommommm--ey
' REPAG[T][S][C][_L|_S] i
________________ L |
|
U L U U
If MRG_TEMPORAL_YN =Y ;! | - If MRG_REPSTA_YN = Y
and MRG_BYDAY  !,'  ATMP {day} | or MRG_REPCNY_YN =Y
y % .| 1
COSTCY
INVTABLE
GRIDDESC
C Program ) | File Shows input or output
—>
! Optional 1
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Figure 6.19, “ Smkmer geinput and output filesfor area sources’ [295] shows the input and output filesfor
the Smkmer ge program for area sources. The inputs include the optional multiplicative control matrix
from Cntlmat (ACVAT), the gridding matrix from Grdmat (AGVAT), the inventory file output from
Smkinven (AREA), the optional reactivity matrix from Cntlmat (ARMAT), and the optional speciation
matrix from Spcmat (ASMAT). Smkmer ge can also use hourly emissions from Tempor al, either asingle
file (PTMP) or hourly emissions for each day of the week (ATMP_{ day} ). Thelast three input files are
the country, state, and county codes file (COSTCY), the inventory datatable (I NVTABLE), and the grid
description file (GRI DDESC).

Smkmer ge outputs adatafile that is determined by the inputs and can be a model-ready emissionsfile
A TI[SI[C_LorAGTI[S][C_S),alogfile(LOGFI LE), and an optiona report file (RE-
PAGT][S][C] _LorREPAG T][SI[C_S).

Figure 6.20. Smkmerge input and output files for biogenic sources

________________

If MRG_REPSTA_YN =Y 1 !

or MRG_REPCNY_YN=Y | BGPRO N .
' BGTS_[L|S] O .
BGTs B N ) GSEmm——

If MRG_GRDOUT_YN =Y

COSTCY LOGFILE

GRIDDESC REPBGTS_[L|S] i

If MRG_REPSTA_YN=Y

INVTABLE or MRG_REPCNY_YN =Y

( Program ) | File Shows input or output
—>

Figure 6.20, “ Smkmer geinput and output filesfor biogenic sources’ [296] showstheinput and output files
for the Smkmer ge program for biogenic sources. The inputs are the optional surrogates file (BGPRO), the
model-ready emissionsfile (BGTS), the country, state, and county file (COSTCY), the grid description file
(GRI DDESC), and the inventory datatable (I NVTABLE).

Smkmer ge outputs either amole-based emissionsfile (BGTS_L_O) or amass-based emissionsfile
(BGTS_S_O). Notethat _O isappended to the output file name to distinguish it from the input file. The
program also writesalog file (LOGFI LE) and an optional report file (REPBGTS_L or REPBGTS_S).
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Figure 6.21. Smkmerge input and output files for mobile sources

COSTCY
INVTABLE
GRIDDESC
________________ .
If MRG_CTLMAT_MULT | MCMAT {
! -
"""""""" LOGFILE
MGMAT |y~ e,
L, [}
MOBL If MRG_GRDOUT_YN = Y
________________ . (T
If MRG_CTLMAT_REAC | MRMAT : EFERCE T (LT O |
e .. ______ ]
If MRG_REPSTA_YN = Y
g FTTTmmmmmmmmmme i or MRG_REPCNY_YN = Y
It MRG_SPCMAT =Y SHAT .
e
If MRG_TEMPORAL_YN=Y « "7 7777 J
and not MRG_BYDAY | MTMP
I et
If MRG_TEMPORAL YN =Y | !, i
and MRG_BYDAY ~ !;!  MTMP_{day}
L % [}
C Program ) | File Shows input or output
—>

Figure 6.21, “Smkmerge input and output files for mobile sources’ [297] shows the input and output files
for the Smkmer ge program for mobile sources. The inputsinclude the country, state and county codesfile
(COSTCY), the inventory datatable (I NVTABLE), and the grid description file (GRI DDESC). Smkmerge
also reads the optional multiplicative control matrix from Cntlmat (MCMAT), the gridding matrix from
Grdmat (MAVIAT), the inventory file output from Smkinven (MOBL ), the optional reactivity matrix from
CntImat (MRVAT), and the optional speciation matrix from Spcmat (MSMAT). Hourly emissions can be
input either asasingle file (MTMP) or as hourly emissions for each day of the week (MTMP_{ day} ).

Smkmerge outputsalog file (LOGFI LE), adatafile that is determined by the inputs and can be a model-
ready emissionsfile(MJ T] [ S][C] _LorMJ T][ S] [ C] _S), and an optional report file (REP-
MIT][S][C _LorREPMF T][S][C] _S).
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Figure 6.22. Smkmerge input and output files for point sources

COSTCY

INVTABLE

GRIDDESC

If SMK_PING_METHOD =1 1
1

or SMK_ASCIIELEV_YN =Y ,

If SMK_ASCIIELEV_YN =Y

LOGFILE

________________

If MRG_LAYERS_YN =Y |

_____________________________________

________________

If MRG_CTLMAT_REAC ,

If MRG_REPSTA_YN =Y
or MRG_REPCNY_YN =Y

________________

If MRG_SPCMAT =Y |

________________

If MRG_TEMPORAL_YN =Y
and not MRG_BYDAY |

If MRG_TEMPORAL_YN =Y ;! !
and MRG_BYDAY 11 PTMP_{day}

________________

If SMK_PING_METHOD =1 1
or SMK_ASCIIELEV_YN=Y |  STACK GROUPS

( Program ) | File Shows input or output

________

Figure 6.22, “Smkmerge input and output files for point sources’ [298] shows the input and output files
for the Smkmer ge program for point sources. The inputs include the country, state, and county codesfile
(COSTCY), theinventory datatable (I NVTABLE), the grid description file (GRI DDESC), and the optional
multiplicative control matrix from Cntlmat (PCVAT). If using PinG or elevated sources, the PELV fileis
used. Smkmer ge reads the gridding matrix output from Grdmat (PGVAT). The PLAY fileisused to merge
layer fractions, while the PLAY_ _EX fileisused for explicit plumes. Other Smkmerge input filesinclude
theinventory file output from Smkinven (PNTS), the optional reactivity matrix from Cntlmat (PRMAT),
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and the optional speciation matrix from Spcmat (PSMAT). The hourly emissions from Temporal are
provided either asthe PTIMP file or as hourly emissionsfor each day of the week (PTMP_{ day} ). Finaly,
Smkmer ge can read the optional elevated stack groups file (STACK _GROUPS).

Smkmer ge can output an elevated sourcesfile(ELEV[ T] S[ _S| _L] ) if requested. Likeall other SMOKE
programs, Smkmer ge outputs alog file (LOGFI LE) detailing the program’s execution. The main datafile
is determined by the inputs and can be include a model-ready emissionsfile (PG T] [ S] [ C] [ 3D] _L or
P T][S][C[3D0 _S). Other output filescan beaPinG file(PING T] [ S][C] [ _S] [ _L] anda
report file(REPPE T][S][C] _LorREPPE T] [ S] [ C _9).

Figure 6.23. Smkmerge input and output files for all source categories

If MRG_CTLMAT_REAC

If MRG_SPCMAT =Y

If MRG_TEMPORAL_YN =Y
and not MRG_BYDAY

If MRG_TEMPORAL_YN =Y , |
and MRG_BYDAY o

If SMK_ASCIIELEV_YN =Y

LOGFILE

If MRG_REPSTA_YN=Y 1 - " ~"7777°
orMRG_REPCNY_YN=Y !  BGFRO

BGTS / e e
PING[T][S][C][_L|_S] |
COSTCY If SMK_PING_METHOD = 1
Fm e e eeeeoiool
INVTABLE REPEG[T][S][C][_L|_S] !
If MRG_REPSTA_YN =Y
GRIDDESC or MRG_REPCNY_YN = Y
If SMK_PING_METHOD =1 1+  ___ "~~~
or SMK_ASCIIELEV_YN=Y |, ?E_L_V_ ______
If MRG_LAYERS_YN =Y PLAY
L |
If EXPLICIT_PLUMES_YN =Y | PLAY EX

If SMK_PING_METHOD =1 1+
or SMK_ASCIIELEV_YN =Y ,

STACK_GROUPS

( Program ) | File Shows input or output

________
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Figure 6.23, “ Smkmer ge input and output filesfor all source categories’ [299] showsthe input and output
filesfor the Smkmerge program for all sources. The input and output files are a combination of those
found in the previous four figures.

6.17.3.1. Input Files

Theinput files needed depend upon the input environment variables that are set for this program. For ex-
ample, if only area sources are being merged, then only area-source-related inputs are required. Similarly,
if Smkmer geisbeing executed to produce speciated, gridded, temporally all ocated areaand point sources,
then al area- and point-related inputs for area and point sources, speciation matrices, gridding matrices,
and temporal matrices are required.

File Name For mat Source |Description
Type

[ Al M P] CVAT (optional) I/O APl NetCDF |A, M, P | Multiplicative control matrix, output by
Cntlmat (usedwhen VRG_CTLMAT_MULT
isset)

[ Al M P] GVAT /O APl NetCDF |A, M, P |Gridding matrix from Grdmat

[ Al M P] RVAT (optional) I/O API NetCDF |A, M, P |Mass- or mole-based reactivity matrix, out-
put by Cntlmat (used when MRG_CTL-
MAT_REACis set)

[ Al M P] SMAT (optional) I/O APl NetCDF |A, M, P |Mass- or mole-based speciation matrix from
Spcmat (used when MRG_SPCVAT_YN =
Y)

[ Al M P] TVP (optional) I/O APl NetCDF |A, M, P |Hourly emissions from Temporal (used
when MRG_TEMPORAL_YN=Y and
MRG_BYDAY is not set)

[Al M P] TMP_{ day} (option-|1/O APl NetCDF |A, M, P |Hourly emissions from Temporal by day,
al) where {day} = MON, TUE, WED, THU,
FRI, SAT, SUN (used when MRG_TEMPOR-
AL_YN=Y and MRG_BYDAY is set)

[ AREA| MOBL| PNTS] SMOKE map A, M, P |Intermediate area-, mobile-, or point-source
inventory created by Smkinven

BGPRO (optional) ASCII B Gridding surrogates for computing biogenic
state and county total s from gridded biogen-
ic inputs

BGIS I/O APl NetCDF |B Biogenic model-ready emissions, to beinput

only when merging with other source cat-
egories, or when computing biogenic state
and county totals, produced by Tmpbio or

Tmpbeis3
COsTCY ASCII A, B, M, |Country, state, and county file with time
P zones
I NVTABLE ASCII A, B, M, |Inventory datatable containing activity and
P pollutant names
GRI DDESC ASCII A, B, M, |Description of the modeling grid
P
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File Name For mat Source |Description
Type
PELV (optional) ASCII P Elevated point sources identification file,

output by Elevpoint

PLAY (optional) I/O APl NetCDF |P Hourly plumeriselayer fractions, output by

Laypoint (used when MRG_LAYERS YN
=Y and EXPLI CI T_PLUMES_YN=N)

PLAY_EX (optional) I/O APl NetCDF |P Hourly plumeriselayer fractionsfor explicit

sources, output by Laypoint (used when
MRG_LAYERS_YN=Y and EXPLI -
Cl T_PLUMES_YN=Y)

STACK _GROUPS (optional) [I/O APl NetCDF |P Elevated sources stack parametersfile, out-

put by Elevpoint

6.17.3.2. Input Environment Variables

NOTE: At least one of the MRG_GRDOUT_ YN, MRG_REPSTA_YN, or MRG_REPCNY_ YN environment
variablesmust be set to'Y.

AREA_SURROGATE_NUM [default: 60]

Surrogate code of the area surrogate in the BGPROfile, to use for totals of biogenic emissions by state
and county.

EXPLI Cl T_PLUMES_YN: [default: N]

Indicates whether only explicit plume rise sources should be merged.
* Y: Merge only explicit plume rise sources; uses PLAY_EX file

* N: Mergeal plume rise sources; uses PLAY file

MRG_BYDAY: [default: blank]

String code that specifies which source categories (if any) are to use a by-day approach for the hourly
input files (see* Description” section abovefor moreinformation on this approach). Valid settingsinclude
A, M, P, or any combination. For example, set this environment variableto “AMP” to have Smkmerge
read the area-, mobile-, and point-source hourly emissions files individually for each day.

MRG_CTLMAT_MULT: [default: blank]

String code that specifies which source categories (if any) are to be processed using a multiplicative
control matrix. Valid settingsinclude A, M, P, or any combination. For example, set this environment
variable to “M” to have Smkmer ge read the mobile-source multiplicative control matrix.

MRG_CTLMAT REAC: [default: blank]

String code that specifies which source categories (if any) areto be processed using areactivity control
matrix. Valid settingsinclude A, M, B, or any combination. For example, set this environment variable
to “MP" to have Smkmer ge read the mobile- and point-source reactivity control matrices.

MRG_CGRDOUT_UNI T: [default: input file units]
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String code that permits the user to change the units of the gridded output file. For example, “kg/hr”
would convert the output emissions to kilograms per hour, before outputting the emissions datafile.
Not all conversions are known to SMOKE. Valid numerators are; “tons’, “kg”, “moles’, and “g”; note
that molar emissions cannot be output without the mole-based speciation matrices. Valid denominators
are“yr”, “dy”, “hr”, and “s’. Note that if annual output is requested but not available in the input file,
leap year adjustments are not made.

Units required by CMAQ are moles/s and units needed for MAQSI P and most other air quality models
are moles/hr.

MRG_GRDOUT_YN: [default: N]

Defines whether the program produces a gridded output file.

* Y: Produce thefile

* N: Do not produce thefile

MRG_LAYERS_YN: [default: N]

Defines whether the program uses the layer fractionsfile.

e Y:Usethelayer fractionsfile

* N: Do not use the layer fractions file

MRG_MARKETPEN_YN: [default: Y]

Defines whether the program uses market penetration from reactivity matrices.
e Y: Use market penetration

* N: Do not use market penetration

MRG_METCHK _YN: [default: Y]

Defines whether the program checks consistency of headersin the meteorology file.
* Y: Check contents of meteorology file headers

* N: Do not check headers

MRG_REPCNY_YN: [default: N]

Defines whether the program produces a report of emission totals by county.
« Y: Produce county-total emissions report

* N: Do not produce the report

MRG_REPCTL_YN: [default: N]

Defines whether the program reports controlled emissions or not.

« Y. Report controlled emissions

* N: Do not report controlled emissions
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MRG_REPSTA_YN: [default: N] Defines whether the program produces areport of emission totals by
state.

e Y. Produce state-total emissions report

* N: Do not produce the report

MRG_SOURCE: [default: blank (processing halts)]

Series of character codes representing the type(s) of sourcesto be merged.
* A:Areasources

« B: Biogenic sources

* M: Mobile sources

e P: Point sources

e AP: Areaand point sources

* AM: Areaand mobile sources

e gtc.

MRG_SPCMVAT_YN: [default: N]

Defines whether the program produces speciated output.

* Y: Read the speciation matrix produced by the Spcmat program

* N: Do not read the speciation matrix

MRG_TEMPORAL_YN: [default: N]

Defines whether the program produces temporally allocated output.

¢ Y: Read the tempora matrix produced by the Temporal program

* N: Do not read the temporal matrix

MRG_TOTOUT_UNI T: [default: input file units, or per day if hourly input is used]

Thisvariableislike the MRG_GRDOUT _UNI T variable, except that it controls the state and county
totals reports separately from the gridded outputs. The only difference is the temporal resolution of
MRG_TOTQOUT_UNI T, which always outputs the emission values as daily totals, no matter what units
are used.

SMK_ASCI | ELEV_YN: [default: N]

Defineswhether the program produces an ASCI| elevated point sourcesfile, suitable for postprocessing
with the Ptsrce program in EPS2.0/EPS2.5.

* Y. Createthe ASCII elevated point sourcesfile
¢ N: Do not create the ASCI| elevated point sourcesfile

SMK_AVEDAY_YN: See description in Section 6.2.3.2, “Input Environment Variables' [236]
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NOTE: This setting affects the Smkmer ge results only when hourly emissions are not merged. To use
hourly average-day emissionsin Smkmerge, thisvariable must be set to'Y for the Tempor al program,
so that average-day emissions will be used in creating the hourly emissions.

SMK_EMLAYS: See description in Section 6.7.3.2, “Input Environment Variables’ [258]

Used to set the default value for UAM_LAYERS when the Smkmerge output isto be used in UAM-V
€elevated-point-source output processing.

SMK_PI NG_METHOD: See description in Section 6.3.3.2, “Input Environment Variables’ [241]

Creates CMAQ or MAQSIP PinG file or flags PinG sourcesin UAM-style elevated ASCII file (when
the SMK_ASCI | ELEV_YN environment variableissettoY).

SMK_REPORT_TI ME: [default: 230000]
Time for writing daily reports from program (HHMMSS).
SMKMERGE_CUSTOM_OUTPUT: [default: N]

Defines his/her own output file names from Smkmer ge. Manually define environment variables for
those output file names below:

« [E| Al M P] QUT : Processing source output file

* ELEV: Elevated-point-sourcesfile, produced if SMK_ASCI | ELEV_YNissettoY; if PinG sources
have al so been selected, then the stack diameterslisted in thisfile will be set to the negative value
of their actual value.

e PING: CMAQ PinG file, produced if SMK_PI NG METHODissetto 1

* | NLN: CMAQ 2-D surface latyer emissions file, produced if SMK_ELEV_METHOD is set to 2.
For in-line processing plume rise processing, MVRG_LAYERS_ YN must set to N to create hourly
speciated 2-D surface layer emissions file for CMAQ version 4.7.

 REP[ E| Al M P] G: Emission total report file, produced if either MRG_REPSTA_YN or
MRG_REPCNY_YNissettoY

Therest of thevariablesin thislist arerelevant only whenthe SMK_ASCI | ELEV_ YN environment variable
isset toY. The UAM-style elevated-point-source file referenced in the following descriptions is produced
by Smkmerge and used as input to the UAM preprocessor Ptsrce.

UAM_LAYERS: [default: set by value of SVK_EM_AYS]

Number of layersto output to the elevated-point-sourcefile.

UAM_NOTE: [default: “UAM elev pt emis from Smkmerge’]

Message to appear as a note in the elevated-point-sourcefile.

UAM_NPARAM [default: 20]

Number of parameters for control packet to appear in the el evated-point-source file.

UAM_PRI NT_LOCATI ONS: [default: O]
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Flag printed in the el evated-point-source file to control whether Ptsrce will print the locations table.
0=No; 1=Yes.

UAM_PRI NT_NMETHODS: [default: 0]

Flag printed in the elevated-point-source file to control whether Ptsrce will print the methods table.
0=No; 1=Yes.

UAM PRI NT_OUTGRD: [default: 0]

Flag printed in the el evated-point-source file to control whether Ptsrce will print the output grid. 0=No;
1=Yes.

UAM PRI NT_UNI TS: [default: 0]

Flag printed in the el evated-point-source file to control whether Ptsrce will print the unitstable. 0=No;
1=Yes.

UAM_PRI NT_VALUES: [default: O]

Flag printed in the elevated-point-source file to control whether Ptsrce will print the valuestable. 0=No;
1=Yes.

UAM PRI NT_VERTMETH: [default: 0]

Flag printed in the el evated-point-source file to control whether Ptsrce will print the vertical methods
table. 0=No; 1=Yes.

UAM_PTSRCE_OUTUNI T: [default: 20]
Ptsrce output file unit number in the el evated-point-source file.
UAM VERTI CAL_METHOD: [default: STACKHGT]

Vertical method in the elevated-point-source file. Appropriate values are STACKHGT and
PLUMERISE.

UAMA_DI FFBREAK_UNI T: [default: 0]
DIFFBREAK file unit number in the elevated-point-sourcefile.
UAMA_HTLOWR: [default: 20]

Minimum height (in meters) of cells between the surface and the “ diffbreak” in the elevated-point-
source file.

UAMA_HTSFC: [default: Q]
Height of the surface layer (in meters) in the elevated-point-sourcefile.
UAMA_HTUPPR: [default: 100]

Minimum height (in meters) of cells between the “ diffbreak” and the top of the model in the elevated-
point-source file.

UAMA_LAYABOVE: [default: UAM_LAYERS - UAMA_LAYBELOW
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Number of layers above the “diffbreak” in the el evated-point-source file.

«  UAV4_LAYBELOW [default: 3]

Number of layers below the “diffbreak” in the elevated-point-sourcefile.

» UAMA_METSCALARS_UNI T: [default: 15]

METSCALARS file unit number in the elevated-point-source file. Used only for UAM VERTI C-
AL_METHOD set to “PLUMERISE”.

« UAMA_REG ONTOP_UNI T: [defauilt: O]

REGIONTORP file unit number in the elevated-point-sourcefile.

+  UAMA_TEMPERATUR _UNI T: [default: 14]

TEMPERATUR file unit number in the elevated-point-source file. Used only for UAM_VERTI C-
AL_METHOD set to “PLUMERISE”.

« UAVZ_W ND_UNI T: [default: 16]

WIND file unit number in the el evated-point-source file. Used only for UAM VERTI CAL_METHOD

set to “PLUMERISE”.

6.17.3.3. Output Files

The output files produced by Smkmer ge are determined by the values of the input environment variabl es.

File Name

Format

Description

[ABMABGT[I[G[3[ I 1[Q

I/O APl NetCDF

Merged emission file, produced when
MRG_GRDOUT_YNissettoY; actual file name
isdetermined by the environment variables used
to configure Smkmer ge, as follows:

« [arealbiogenic|mobilejpointjevery]
(MRG_SOURCE)

e T =temporally allocated (MRG_TEMPOR-
AL_YN)

* S=gpeciated (VRG_SPCVAT_YN)

e C=controlled (MRG_CTLMAT_MULT or
MRG_CTLMAT_REAC)

e 3D =layered (VRG_LAYERS_YN)

e S=mass-hased speciation (SPC_| NPUT)

¢ L =mole-based speciation (SPC_| NPUT)

e O =used when only merging biogenic
sources (MRG_SOURCE = B)

ELEV[TI S[C[_S| _L]

ASCII

Elevated-point-sources file, produced if
SMK_ASCI | ELEV_YNissettoY; if PinG
sources have also been selected, then the stack
diameters listed in this file will be set to the
negative value of their actual value

LOGFI LE

ASCII

Log generated from executing Smkmerge
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File Name Format Description

PINGTI[SI[C[_S| _L] [/O APl NetCDF |CMAQ or MAQSIP PinG file, produced if
SMK_PI NG_METHODissetto 1

RRAABMRABEGT[I[G[_S_L] |ASCII Emission totals report file, produced if either
MRG_REPSTA_YNor MRG_REPCNY_YNis
settoY

6.18. Spcmat
6.18.1. Description

Processing categories: area, mobile, point

An emission inventory is built and reported for a variety of compounds or chemical classes such as CO,
NO,, VOC, PM 4, and SO,. However, AQM photochemical mechanisms (e.g., CB4, RADM2) contain a
simplified set of equations that use representative “model species’ to represent atmospheric chemistry.
Therefore, factors are needed to convert the emissions from the chemical classesin the emission inventory
to the species in the intended photochemical mechanism. The Specmat program produces matrices that
contain the factors for performing this conversion.

The speciation factors are provided to Spcmat using " speciation profiles', which are applied to theinvent-
ory's sources using a "speciation cross-reference”. For inventories that contain VOC mass, an additional
factor is needed that converts the VOC mass to Total Organic Gases (TOG) mass, since the profiles used
for VOC are actually computed based on TOG. The TOG profiles are used (instead of VOC profiles) since
some of the TOG mass gets assigned to model species. Using VOC-only profiles would underestimate the
volatile mass being emitted. Historically in SMOKE, the VOC-to-TOG conversion factors have been as-
signed by SCC or FIPS and SCC. Starting with SMOKE version 2.3, however, these factors can optionally
be assigned by speciation profile ID codes. In fact, since the VOC-to-TOG factors come directly from the
raw data used to create speciation profilesfactors (such asthe SPECIATE4.0 database), the most consistent
wal to assign these factorsis actually by speciation profile|ID. SMOKE version 2.3 is backward compatible
with existing GSCNYV file formats.

Spcmat outputs both mass-based and mole-based speciation factorsfor all sources. Previous systems have
assumed that the average molecular weight of the model species was sufficient to represent the molecular
weight of a species emitted by a specific source. In fact, the actual molecular weight of amodel speciesis
different for different types of emission processes. To represent the mass values more accurately, the mass
and mole factors are input, applied, and output separately by Spcmat.

The speciation cross-referencefileinput to Spcmat specifies the speciation profile to be used for transform-
ing theinventory pollutantsto the model speciesfor each source or type of source. Spcmat permits profiles
to be assigned based on the country, state, and county code, the SCC, and other source characteristics. In
the hierarchical system used to apply the profiles, the most specific assignments are applied first, followed
by the next most specific, and so on. This system ensures that the most-specific matches override the less-
specific ones.

For stationary area/nonpoint sources, the available combinations and their order are the following, starting
with the most specific. “Left x of SCC” refersto an 8- or 10-digit SCC with all digits except the first x set
to 0. “Left 2 of SIC code” refersto a4-digit SIC code with the third and fourth digits set to 0.

1. Country/state/county code, MACT code, and 8- or 10-digit SCC
2. Country/state/county code and MACT code
3. Country/state code, MACT code, and 8- or 10-digit SCC
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Country/state code and MACT code

MACT code and 8- or 10-digit SCC

MACT code

Country/state/county code and 4-digit SIC code
Country/state/county code and left 2 of SIC code
Country/state code and 4-digit SIC code

0. Country/state code and left 2 of SIC code

11. 4-digit SIC code

12. Left 2 of SIC code

13. Country/state/county code and 8- or 10-digit SCC
14. Country/state/county code and left 6 or left 7 of SCC
15. Country/state code and 8- or 10-digit SCC

16. Country/state code and left 6 or left 7 of SCC

17. 8- or 10-digit SCC

18. Left6orleft 7 of SCC

19. Country/state/county code

20. Country/state code

21. Ultimate default (country/state/county code = 0, SCC = 0)

BO©®©~NOo O A

For nonroad sources, the available combinations and their order are;

Country/state/county code and 10-digit SCC
Country/state/county code and left 7 of SCC
Country/state code and 10-digit SCC

Country/state code and left 7 of SCC

10-digit SCC

Left 7 of SCC

Country/state/county code

Country/state code

Ultimate default (country/state/county code = 0, SCC = 0)

CoNoO~WDNPE

For mobile sources, the available combinations and their order are:

Country/state/county code, road class, vehicle type, and process
Country/state/county code, road class, and vehicle type
Country/state/county code, road class, and process
Country/state/county code and road class
Country/state/county code, vehicle type, and process
Country/state/county code and vehicle type
Country/state code, road class, vehicle type, and process
Country/state code, road class, and vehicle type
Country/state code and road class

Country/state code, vehicle type, and process

. Country/state code and vehicle type

Road class, vehicle type, and process

Road class and vehicle type

Road class

Vehicle type and process

. Vehicletype

Country/state/county code and process
Country/state/county code

Country/state code and process

Country/state/county code

Process-specific ultimate default (country/state/county code = 0, SCC = 0)

Boo~Nour~rwWDNE

NNRPERRERRERR R R
FOOWO~NDORWNEO
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22. Ultimate default (no process, country/state/county code = 0, SCC = Q)

For point sources, the available combinations depend on the source definition. A header in the speciation
cross-reference file format allows you to indicate the source definition. (The header isrequired for IDA
inventories). For IDA-formatted inventories, a source is defined as the unique combination of coun-
try/state/county code, plant ID, point ID, stack ID, segment, and SCC. For point sources, the available
combinations and their order are:

Country/state/county code, plant ID, point ID, stack 1D, segment ID, SCC, and pollutant
Country/state/county code, plant ID, point ID, stack 1D, segment ID, and pollutant
Country/state/county code, plant ID, point ID, stack 1D, and pollutant
Country/state/county code, plant ID, point ID, and pollutant
Country/state/county code, plant ID, SCC, and pollutant
Country/state/county code and plant ID
Country/state/county code, MACT code, and SCC
Country/state/county code and MACT code

Country/state code, MACT code, and SCC

Country/state code and MACT code

MACT code and SCC

MACT code

Country/state/county code and 4-digit SIC code
Country/state/county code and left 2 of SIC code
Country/state code and 4-digit SIC code

Country/state code and left 2 of SIC code

4-digit SIC code

Left 2 of SIC code

Country/state/county code and SCC

Country/state/county code and left 6 of SCC

. Country/state/county code and left 3 of SCC

. Country/state/county code and left 1 of SCC

. Country/state code and SCC

Country/state code and left 6 of SCC

. Country/state code and left 3 of SCC

. Country/state code and left 1 of SCC

. SCC

Left 6 of SCC

Left 3 of SCC

Left 1 of SCC

. Country/state/county code

. Country/state code

Ultimate default (country/state/county code = 0, SCC = 0)

BOO~NoOAWDNE

W WWWNDNDNDNDNMNDNNNNRERPRERRPERPRERRERRRPR
PRNPFPOSOCOIDITROINPOOONOONRWN RO

6.18.2. Processing Order

Smkinven must be run before Spcmat.

Spcmat must be executed before speciated emissions can be produced by Smkmer ge.
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6.18.3. Files and Environment Variables

Figure 6.24. Spcmat input and output files

[AREA | MOBL | PNTS ]

________________

If POLLUTANT_CONVERSION =Y ; GSCNV .
‘o ________ ]
[A|M|P]SMAT L
GSPRO
[A|M|P]SMAT S
[A|M|P]SSUP
INVTABLE
________________ LOGFILE
If processing mobile sources | MCODES

________________

________________

If speciation profile code = |
COMBO |

( Program ) l File Shows input or output

________

Figure 6.24, “ Spcmat input and output files’ [310] showstheinput and output filesfor the Spcmat program.
Theinput files include the inventory file output from Smkinven (AREA, MOBL, or PNTS), the optional
pollutant conversion file (GSCNV), the speciation profilesfile (GSPRO), the speciation cross-reference file
(GSREF), the combination speciation profilesfile (GSPRO_COVBO), and the inventory datatable (I NVT-
ABLE). For mobile sources only, Spcmat uses the mobile codes file (MCODES) and the mobile emission
processes file (MEPROC). More informaton of GSPRO_COVBOfileis available at Section 8.5.3,
“GSPRO_COMBO: Combination speciation profilesfile” [426].

Spcmat outputs a mole-based speciation matrix file (ASMAT_L, MSMAT_L, or PSMAT_L) and amass-
based speciation matrix file (ASMAT_S, MSMAT_S, or PSMAT_S). The program al so outputs a speciation
supplemental file (ASSUP, MSSUP, or PSSUP) and alog file (LOGFI LE).

6.18.3.1. Input Files

File Name For mat Description

[ AREA MBL| PNTS] [ SMOKE map Intermediate inventory file produced by Smkinven

GSCNV (optional) |ASCII Pollutant conversion file, used only if POLLUTANT_CONVER-
SI ON=Y.

GSPRO ASCII Speciation profiles

GSREF ASCII Speciation cross-referencefile
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File Name For mat Description
| NVTABLE ASCII Inventory datatable listing activity and pollutant names
MCQODES (optional) [ASCII Mobile codes file for converting road class numbers and vehicle

type numbers to SMOKE internal standard

MEPRCC (optional) |ASCII Mobile emission processesfile

6.18.3.2. Input Environment Variables

FULLSCC_ONLY: Seedescription in Section 6.2.3.2, “Input Environment Variables’ [236]. In this
context, this option affects cross-referencing for the speciation cross-reference files by preventing left-
7 SCC assignments. The application GSCNV filesare not affected by this option when using FIPS/SCC
assignments, and will continue to use left-7 SCC assignments even when FULLSCC_ONLY isset to
"y,

NO_SPC ZERO EM S: [default: N]

Defines whether the program applies the speciation profiles to zero emission sources.
e Y: Skip applying speciation profile to zero emission source

e N: Do not skip

POLLUTANT _CONVERSI ON: [default: N]

Defines whether the program uses the pollutant-to-pollutant conversion file (Section 8.5.1, “GSCNV:
Pollutant-to-pollutant conversion file” [424]).

* Y:Useconversionfile

* N: Do not use conversion file

REPORT_DEFAULTS: See description in Section 6.2.3.2, “Input Environment Variables’ [236]
SIMK_SOURCE: See description in Section 6.2.3.2, “Input Environment Variables’ [236]
SRC_TAGA NG [default: N]

Defines whether the program uses the speciation tagging cross-reference file or not (Section 8.5.5,
“GSTAG. Speciation tagging cross-reference file” [429]).

e Y: Use speciation tagging cross-reference file

« N: Do not use speciation tagging cross-reference file

6.18.3.3. Output Files

File Name Format Description

[ Al M P] SMAT_L |I/OAPI NetCDF |Mole-based speciation matrix

[ Al M P] SMAT_S |I/OAPI NetCDF |Mass-based speciation matrix

[AM P]SSUP |I/OAPI NetCDF |Speciation supplemental file

LOGFI LE ASCII Log generated from executing Spcmat
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6.19. Temporal

6.19.1. Description

Processing categories: area, mobile, point

The Temporal program produces a file with hourly inventory pollutant emissions. Unlike the SMOKE

matrices produced by Cntlmat, Grdmat, and Spcmat, the output file from Temporal contains the actual
emissions data. For all source categories, it usestemporal profiles, temporal cross-references, and thetime
zone of each source to create the hourly emissions output file. It can also read in day-specific and hour-

specific inventory datain SMOKE format, and it uses the most detailed data it can when multiple types of
dataare available for the same source. For example, if asource had annual, day-specific, and hour-specific
data, Temporal would use the hour-specific emissions. The program can a so apply source-specific hourly
profilesfrom the hour-specific datafile, and it can override al temporal profiles and usetemporally uniform
profilesfor al sources. For maobile sources, Tempor al aso reads the emission factors created by Emisfac.

Temporal treats the temporal profiles aslocal profiles. In other words, the profile applied to the sourceis
adjusted based on the difference between the time zone of the source (determined by the COSTCY file)
and the output time zone (determined by the QUTZONE environment variable). SMOKE automatically
considers Daylight Saving time when converting from a region’s standard time zone to the output time
zone, and SMOKE can exclude regions that never use Daylight Saving time based on the COSTCY file.
Note that Tempor al has been tested for time zones in the Western Hemisphere, but we have not tested it
for time zones in the Eastern Hemisphere.

Within the Temporal program, the processing occurs as follows:
» Temporal profiles are assigned for al sources.
* Monthly and day-of-week temporal profiles are applied.

» Day-specific emissions or activitiesareread in and used to overwrite daily emissionsfor the appropriate
sources

» Hourly temporal profiles are applied.

» Hour-specific emissions or activities are read in and used to overwrite hourly emissions for the appro-
priate sources.

» Emission factors are applied to the hourly activity data (if any)

Hourly tempora profiles can be applied for weekdays and weekend days by default in the system. By
breaking up the processing into different periods, you can apply different temporal profiles for different
days of the week. A future version of SMOKE will permit different hourly profiles for every day of the
week in asingle run of the Temporal program.

A specia holidaysfile should be provided so that holidays can receive special treatment. Thisfile specifies
which daily profiles should be applied to holidays.

A many-step hierarchy isused in applying the temporal cross-referencing. SMOKE preferentially matches
each source to the most specific linein the cross-reference file. When there are missing entriesin the cross-
reference file, Temporal first looks for cross-reference entries for other species at the same level in the
search hierarchy before descending to the next level in the hierarchy. For example, if a source has atem-
poral cross-reference entry for CO but not for NO,, Tempor al uses the source-specific CO temporal cross
reference entry for allocating NO, from that source in preference to using a default NO, temporal profile.
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For area sources, the available combinations are the following, starting with the most specific. “7-digit
SCC” means a 10-digit SCC with the last three digits set to zero.

1. Country/state/county code, 10-digit SCC, and pollutant
2. Country/state/county code, 7-digit SCC, and pollutant
3. Country/state code, 10-digit SCC, and pollutant

4. Country/state code, 7-digit SCC, and pollutant

5. 10-digit SCC and pollutant

6. 7-digit SCC and pollutant

7. Country/state/county code and 10-digit SCC

8. Country/state/county code and 7-digit SCC

9. Country/state code and 10-digit SCC

10. Country/state code and 7-digit SCC

11. 10-digit SCC

12. 7-digit SCC

13. Country/state/county code

14. Country/state code

15. Ultimate default (no pollutant, country/state/county code = 0, SCC = 0)

For mobile sources, the available combinations are given below. To specify an entry that is to match by
vehicletype, the road class part of the SCC must befilled with zeros. If any warnings or errors are written
during the read of the mobile temporal cross-referencefile, the messageswill use the mobileinternal SCCs.

Country/state/county code, road class, vehicle type, and process/pollutant
Country/state/county code, road class, and process/pollutant
Country/state/county code, vehicle type, and process/pollutant
Country/state code, road class, vehicle type, and process/pollutant
Country/state code, road class, and process/pollutant
Country/state code, vehicle type, and process/pollutant

Road class, vehicle type, and process/pollutant

Road class and process/pollutant

Vehicle type and process/pollutant

Country/state/county code, road class, vehicle type

. Country/state/county code, road class

Country/state/county code, vehicle type

Country/state code, road class, vehicle type

Country/state code, road class

Country/state code, vehicle type

Road class, vehicle type

Road class

Vehicle type

Country/state/county code

Country/state code

21. Ultimate default (all values = 0)

BOONoOAWDNER

NEPERRRERRRERE
COVWO~NOUA~WNEO

For point sources, the available combinations depend on the source definition. A header is used in the file
to indicate the source definition. (The header is required for IDA inventories). For IDA-formatted invent-
ories, asource is defined as the unique combination of country/state/county code, plant ID, point 1D, stack
ID, segment, and SCC. This documentation applies to IDA-formatted inventories only. “5-digit SCC”
means a 10-digit SCC with the last 5 digits set to zero. If only 8-digit SCCs are available, these can be
used and SMOKE will assume leading zeros. In this case, the “5-digit SCC” becomes a“3-digit SCC”.

The hierarchy of cross-referencing is the following.

1. Country/state/county code, 10-digit SCC, plant ID, point ID, stack ID, segment, and pollutant
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Country/state/county code, 10-digit SCC, plant ID, point ID, stack ID, and pollutant
Country/state/county code, 10-digit SCC, plant ID, point ID, and pollutant
Country/state/county code, 10-digit SCC, plant ID, and pollutant
Country/state/county code, 10-digit SCC, plant ID, point ID, stack ID, and segment
Country/state/county code, 10-digit SCC, plant ID, point ID, and stack ID
Country/state/county code, 10-digit SCC, plant ID, and point ID
Country/state/county code, 10-digit SCC, and plant ID
Country/state/county code, 10-digit SCC, and pollutant
Country/state/county code, 5-digit SCC, and pollutant

11. Country/state code, 10-digit SCC, and pollutant

12. Country/state code, 5-digit SCC, and pollutant

13. 10-digit SCC and pollutant

14. 5-digit SCC and pollutant

15. Country/state/county code and 10-digit SCC

16. Country/state/county code and 5-digit SCC

17. Country/state code and 10-digit SCC

18. Country/state code and 5-digit SCC

19. 10-digit SCC

20. 5-digit SCC

21. Country/state/county code

22. Country/state code

23. Ultimate default (all values = 0)

BHOONOOAWDN

(=

6.19.2. Processing Order

Smkinven must be run before Tempor al. For mobile sources, Grdmat, M bsetup, Premobl, and Emisfac
must also be run before the Temporal program when activity data are being used.

Temporal must be run before gridded, hour-specific emissions can be produced using the Smkmer ge
program.
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6.19.3. Files and Environment Variables

Figure 6.25. Temporal input and output files for area sources

AREA
. I il .
If using process date file , PROCDATES
———— ATMP
---------------- !
1
DR T
If UNIFORM_TPROF_YN =N e — Temporal ATSUP
' ATREF
L |
LOGFILE
COSTCY
HOLIDAYS
C Program ) I File Shows input or output
' Optional 1

Figure 6.25, “Temporal input and output files for area sources’ [315] shows the input and output files for
the Temporal program for area sources. The input files include the inventory file output from Smkinven
(AREA), the temporal profilesfile (ATPRO), the temporal cross-reference file (ATREF), the country, state,
and county codes file (COSTCY), the holidays file HOLI DAYS), and optional process date file (PROCD-
ATES).

Temporal outputs an hourly emissionsfile (ATMP), atemporal allocation supplemental file (ATSUP), and
alog file (LOGFI LE).
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Figure 6.26. Temporal input and output files for mobile sources

COSTCY
HOLIDAYS
. W Sl |
If using process date file , PROCDATES b
R
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If using activity data , INVTABLE

=
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A

MCODES LOGFILE
I } e
If using activity data o /
1
1
\ MTSUP
MOBL

________________

If UNIFORM_TPROF_YN =N

= =
H H
Pl g
= o
L] (@]

________________

( Program ) I File Shows input or output

________

Figure 6.26, “Temporal input and output files for mobile sources’ [316] shows the input and output files
for the Temporal program for mobile sources. Theinput filesinclude the country, state, and county codes
file (COSTCY), the holidaysfile (HOLI DAYS), the optional process date file (PROCDATES) and, if activity
data are used, the inventory datatable (I NVTABLE). Spcmat also reads the mobile codes file (MCODES).
The MEFLI ST filelistsavailable emission factorsfiles created by Emisfac, whichisused when processing
activity data, asisthe mobile emission process file (VEPROC). Tempor al also uses the inventory file
output from Smkinven (MOBL), the temporal profiles file (MTPRO), the temporal cross-referencefile
(MI'REF), and the ungridding matrix file for activity data (MUMAT).

Temporal outputsalog file (LOGFI LE), an hourly emissions file (MTMP), and atemporal allocation
supplemental file (MISUP).
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Figure 6.27. Temporal input and output files for point sources

COSTCY

HOLIDAYS

1
If DAY_SPECIFIC_YN =Y , PDAY \ LOGFILE
R L L

________________ .
If HOUR_SPECIFIC_YN =Y PHOUR +—{ Temporal PTMP
L

PNTS PTSUP

' PTPRO .
L
If UNIFORM_TPROF_YN =N <
_______________ .
: PTREF
1

C Program ) | File Shows input or output

________

Figure 6.27,“ Temporal input and output filesfor point sources’ [317] showsthe input and output filesfor
the Temporal program for point sources. The input files include the country, state, and county codesfile
(COSTCY), the holidaysfile (HOLI DAYS) and the optional process date file (PROCDATES). If using day-
specific data, the PDAY fileis read, and the PHOUR file is read when using hour-specific data. Temporal
also uses the inventory file output from Smkinven (PNTS), the temporal profiles file (PTPRO), and the
temporal cross-reference file (PTREF).

Temporal outputsalog file (LOGFI LE), an hourly emissions file (PTMP), and atemporal allocation
supplemental file (PTSUP).

6.19.3.1. Input Files

File Name For mat Description

[ AREA| MOBL| PNTS | SMOKE map Intermediate inventory file produced by Smkinven

[AlM P] TPRO |ASCII Temporal profiles

[AlM P] TREF |ASCII Temporal cross-referencefile

COsTCY ASCII Country/state/county codes file, used to determine counties that
do not use Daylight Saving time.

HOLI DAYS ASCII Holidays file by Gregorian date, for applying holiday temporal
profiles.

PROCDATES (op- |ASCII Processes user specified Gregorian dates

tional)

| NVTABLE (option- | ASCI| Inventory datatablelisting pollutant and activity names; required

al) only if activity data are used
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File Name For mat Description

MCODES (optional) |ASCII Mobile codes file for converting road class numbers and vehicle
type numbersto SMOKE internal standard

MEFLI ST (option- |ASCII List of emission factors files produced by Emisfac

al)

MEPRCC (optional) |ASCII Mobile emission processesfile

MUMAT (optional) |ASCII Ungridding matrix file produced by Grdmat

PDAY (optional) I/0 APl NetCDF | Day-specific intermediate inventory file created by Smkinven
(required if DAY_SPECI FI C_YNissettoY)

PHOUR (optional) |1/0 APl NetCDF | Hour-specific intermediate inventory file created by Smkinven
(required if HOUR_SPECI FI C_YNissettoY)

6.19.3.2. Input Environment Variables

» DAY_SPECI FI C_YN: See description in Section 6.16.3.2, “Input Environment Variables’ [288]

* FULLSCC ONLY: Seedescription in Section 6.2.3.2, “Input Environment Variables’ [236]. In this
context, this option affects cross-referencing for the temporal cross-reference files by preventing left-
7 SCC assignments.

 HOUR_SPECI FI C_YN: Seedescription in Section 6.16.3.2, “Input Environment Variables’ [288]

»  QUTZONE: See description in Section 6.14.3.2, “Input Environment Variables’ [279]

*  RENORM TPROF: [default: Y]

Defines whether Tempor al normalizes the temporal profiles or uses them asthey exist in the datafile.
If the profiles are specified as decimal values and sum to 1, then specify N. Otherwise, specify Y and
the program will sum the values associated with each profile and then divide each value by the sum,
thereby creating a normalized profile.

e Y: Normalize the temporal profiles

e N: Usethetemporal profile values as they exist in the datafile

REPORT_DEFAULTS: See description in Section 6.2.3.2, “Input Environment Variables’ [236]
SMK_AVEDAY_YN: See description in Section 6.2.3.2, “Input Environment Variables’ [236]
SMK_EF_MODEL: [default: MOBILES]

Name of the emission factor model to use. NOTE: At thistime only the default value can be used.
SVK_MAXERROR: See description in Section 6.16.3.2, “Input Environment Variables’ [288]
SMK_ MAXWARNI NG See description in Section 6.16.3.2, “ Input Environment Variables’ [288]
SMK_ SOURCE: See description in Section 6.2.3.2, “Input Environment Variables’ [236]

UNI FORM_TPROF_YN: [default: N]

Defines whether to use uniform temporal profiles for al sources.

e Y: Useuniform temporal profiles
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6.20. Tmpbeis3

e N: Usetemporal profilesfile and temporal cross-referencefile
o ZONEAVWM [default: Y]

Defineswhether Tempor al appliesweekly and monthly temporal profilesusing time zones. If SMOKE
does not apply the profiles using the sources’ time zones, then all sources change from one day to the
next or one month to the next at the same hour. Thisiswhat other emission processing systems have
typically done, and it isaminor distinction in most cases.

¢ Y:Usetimezones

¢ N: Do not use time zones

6.19.3.3. Other Input

Optionally, Temporal may be run using PROCDATES. This enables the processing of sequential or non-
sequential user specified days. If PROCDATES is not assigned, the defaults apply.

When running Tempor al interactively, the following inputs will be requested. The default values for these
are set by the G_STDATE, G_STTI ME, and G_RUNLEN environment variables.

o Start date: Starting date of simulation in Julian (YYYYDDD) or Gregorian (YYYYMMDD) formats
* Start Time: Starting time of smulationin HHMMSS
+ Duration: Simulation duration in hours

PROCDATES: See description in Section 8.3.4, “PROCDATES: Procdates date list” [420].

6.19.3.4. Output Files

Asof SMOKE version 2.3, two new environmental variables[ Al M P] TVPNAMEand[ Al M P] TSUPNAME
arerequired to set the directory and file prefix used to dynamically name the output files[ Al M P] TMP
and[ Al M P] TSUP.

File Name For mat Description

[AMP] TMP I/0 APl NetCDF |Hourly emissions by source; if using elevated point sources as
part of point-source processing, this file contains only the layer-

1 emissions
[AlM P] TSUP |ASCII Temporal allocation supplemental file
LOGFI LE ASCII Log generated from executing Temporal

6.20. Tmpbeis3
6.20.1. Description

Processing categories: biogenic

Tmpbeis3 usesversion 3.09 or version 3.14 of the BEIS3 model. Tmpbeis3 reads the gridded, normalized
emissionsfile B3GRD and meteorological datafrom MET_FI LE1 and optionally MET_FI LE2 (thesefiles
may beeither MET _CRO _2Dor MET_CRO_3D). Notethat Tmpbeis3 usestemperature and surface pressure
datathat must bein MET_FI LE1, and radiation/cloud data that may bein MET_FI LE1 or MET_FI LE2.
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6.20.2. Processing Order

Within Tmpbeis3, speciation profiles are used to speciate biogenic pollutants for appropriate chemical
mechanisms. The speciation profiles used in SMOKE-BEIS3 are different than those used in SMOKE-
BEIS2 modeling, and speciation profiles for the CB4, RADM2, and SAPRC99 mechanisms are available
for BEIS3 modeling. The normalized emissions and meteorological data are used to produce gridded,
speciated, hourly biogenic emissions. Additionally, an optional seasonal switch file, Bl OSEASQON, can be
used to determine when and where to use summer or winter normalized emissions data on a daily basis.

6.20.2. Processing Order

The Nor mbeis3 program must be executed before Tmpbeis3.

If you are using the seasonal switch option, the seasonal switch file (Bl OSEASON) must be created using
the utility program M etscan before running Tmpbeis3.

Tmpbeis3 must be executed before biogenic emissions can be used in Smkmerge.

6.20.3. Files and Environment Variables

Figure 6.28. Tmpbeis3 input and output files

________________

B3GTS_L

Tmpbeis B3GTS_S

GRID CRO_2D

LOGFILE

MET FILEl

If BIOMET_SAME =N MET FILE2
1

C Program ) | File Shows input or output
—

________

Figure 6.28, “Tmpbeis3 input and output files’ [320] shows the input and output files for the Tmpbeis3
program. The input files include the gridded, normalized biogenic emissions from Normbeis3 (B3GRD)
and, if Bl OSW _YN=Y, then agridded, seasonal switch file output from M etscan isrequired (Bl OSEASON).
The biogenic speciation profilesare read from the GSPROfileand the GRI D_CRO_2D containsthe latitude
and longitutefor each grid cell. Tmpbeis3 reads surface pressure and radiation/cloud datafrom MET_FI LE1
and optionally from MET_FI LE2 if Bl OVET_SAME = N.

Tmpbeis3 outputs gridded, speciated, hourly biogenic emissions filesin moles/hour (B3GTS_L) and
tong’hour (B3GTS_S). The program also outputs an execution log file (LOGFI LE).
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6.20.3. Files and Environment Variables

6.20.3.1. Input Files

File Name Format Description
B3GRD I/0 APl NetCDF | Gridded, normalized biogenic emissions, output from Nor m-
beis3

Bl OSEASON (optional) | 1/0 APl NetCDF | Gridded seasonal switch file containing daily data, with “0”

meaning use winter normalized emissions and “1" meaning
use the summer normalized emissions, produced by M etscan

GSPRO ASCII Speciation profilesfile (do not use the same profilesused in

SMOKE-BEI S2; depending on theversion used, “ BV 309”
for CB04 speciation profileor “B10C5” for CB05 speciation

profile.)

CGRI D_CRO 2D I/0 APl NetCDF|Meteorol ogy file containing | atitude and longitude coordinates
for each grid cell

VET _FI LEL I/0 APl NetCDF | Meteorology file containing temperature and surface pressure

data and possibly radiation/cloud data as well (see Bl O
MET_ SAME environment variable)

VET_FI LE2 (optional) [1/0 APl NetCDF|Meteorology file containing radiation/cloud dataif not in

MET_FI LE1

SO LI NP (optional) |I/OAPI NetCDF |Gridded soil restart file (useif | Nl TI AL_RUN = N)

6.20.3.2. Input Environment Variables

BEI S_VERSI ON: [default: 3.14]
Specifies which version of BEIS3 to use.

e 3.09: Use BEIS version 3.09.

e 3.14: UseBEISversion 3.14.
BG_CLOUD TYPE: [default: 1]

Specifies which meteorological datato use.

e 1: Use RGND or RSD (solar radiation reaching the ground) from MM5 to calculate PAR. No other
options are supported at thistime.

Bl OG_SPRO [default: BV309]

Specifies the speciation profile for biogenic emissions from GSPRO.
* BV309: Use BEIS version 3.09.

e BV313: Use BEISversion 3.14.

Bl OVET_SAME: [default: N]

Defines whether the radiation/cloud data are in the same file as the temperature data (MET_FI LE1)
or in adifferent file (MET_FI LE2).

Bl OSW YN: [default: Y]
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6.20.3. Files and Environment Variables

Indicates whether to use a gridded seasonal switch file.

e Y: Usegridded seasonal switch file Bl OSEASON

e N: Useenvironment variable SUMVER _YN to determine season

| NI TI AL_RUN: [default: N]

Indicates whether a particular day isthe first day in a sequence of simulations.

e Y: Usefor thefirst day in a sequence of simulations. Use if the SO LI NP file does not yet exist
(i.e., the soil NO calculations will not depend on the previous day’s rainfall).

e N: Usefor subsequent daysin a sequence of smulations. Use if the SO LI NP file exists.

Note that BEIS3 will createa SOl LI NP file for days subsequent to the first day in a sequence of sim-
ulations.

| SLTYP_VAR: [default: SLTYPF]

Specifies the soil type variable name used if PX_VERSI ON = .

QOUTZONE: See description in Section 6.14.3.2, “Input Environment Variables’ [279]
OUT_UNI TS: [default: 1]

Specifies units for the output variables.

e 1: moles per hour.

e 2: moles per second.

PRES_VAR: [default: PRSFC]

Specifies the variable name for surface pressure data to extract from MET_FI LE1.
PX_VERSI ON: [default: N]

Indicates whether the Pleim-Xiu land surface model was used in the MM5 simulations.

e Y: Useif the Pleim-Xiu land surface model was used in the MM5 simulations. Indicates that
MET_FI LE1 contains soil temperature, soil moisture and soil type fields that can be used, along
with rainfall data, for NO soil emission calculationsin Tmpbeis3.

¢ N: Useif the Pleim-Xiu land surface model was not used in the MM5 simulations. I ndicates that
Tmpbeis3 will calculate NO soil emissions using only rainfall data.

RAD_VAR [default: RGRND]

Specifies the variable name for radiation/cloud data to extract from either MET_FI LE1 or optional
MET_FI LE2.

RC_VAR: [default: RC]
Specifies the convective rainfall variable name used in MET_FI LE1.

RN_VAR: [default: RN]
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6.21. Tmpbio

Specifies the non-convective rainfall variable name used in MET_FI LE1.
« SO LM VAR [default: SOIM1]

Specifies the soil moisture variable name used if PX_VERSI ON = Y.
« SO LT_VAR [default: SOIT1]

Specifies the soil temperature variable name used if PX_VERSI ON = Y.
« SUMVER_YN: [default: Y]

I ndicates whether summer or winter normalized emissions should be used; only used when Bl OSW YN
isN.

¢ Y: Usesummer normalized emissions
¢ N: Usewinter normalized emissions
« TMPR_VAR: [default: TA]

Specifies the variable name for temperature to extract from VET_FI LEL.

6.20.3.3. Output Files

File Name For mat Description

B3GIS_L I/0 APl NetCDF | Gridded, speciated, hourly biogenic emissions, in moles/hour
B3GIS_S I/0O API NetCDF | Gridded, speciated, hourly biogenic emissions, in tons/hour
Sa LoUT I/0 APl NetCDF |Gridded soil restart file

LOGFI LE ASCII Log generated from executing Tmpbeis3

6.20.3.4. Processing Multiple Days with BEIS3.14

The user must point to the SO LOUT file from one day’s ssimulation asthe SO LI NP file for the next day.
The user must also decide whether to write over SO LOUT files from previous days or create a uniquely
named SO LQOUT file for each day. The latter approach is recommended if the user wishesto retain the
capability to restart smulations in the middle of a sequence of simulations.

6.21. Tmpbio
6.21.1. Description

Processing categories: biogenic

Tmpbio isthe second program in the SMOKE-BEIS2 model. Tmpbio reads the gridded, normalized
emissionsfile BGRD and/or BGRDWproduced by Rawbio, aswell as meteorological datafrom MET_FI LEL
and/or VET_FI LE2 (MET_CRO_2Dor MET_CRO _3D). Speciation profiles are used to speciate biogenic
pollutants into appropriate chemical mechanisms; the CB4 and RADM2 mechanisms are supported. The
normalized emissions and meteorological data are used to produce gridded, speciated, hourly biogenic
emissions. Additionally, an optional seasonal switch file, Bl OSEASON, can be used to determine when
and where to use summer or winter normalized emissions dataon adaily basis. Both the BGRD and BGRDW
files are needed if the seasonal switch fileis used.
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6.21.2. Processing Order

The Rawbio program must be run before Tmpbio.

If using the seasonal switch option, Rawbio must be run twice (once using the summer emissions factors
file and once using the winter emissions factors file). Also, the seasonal switch file must be created using
M etscan before running Tmpbio.

Tmpbio must be run before biogenic emissions can be used in Smkmerge.

6.21.3. Files and Environment Variables

Figure 6.29. Tmpbio input and output files

BGRD

;' _______________ 1
If BIOSW_YN =Y | BGRDW ,
b e e
I'_ _______________ 1
IfBIOSW_YN=Y |  BIOSEASON |
e L L
;' _______________ 1

If BG_.CLOUD_TYPE >1 , GRID CRO_ 2D ; BGTS_L
b o

GSPRO Tmpbio BGTS_S
. T TTTommmmT T )

If not using METLIST , MET_FILEl ! LOGFILE
e _______ ]
IfBIOMET_SAME =N 1 """~ '
and not using RADLIST ; _D{E_T_—?E'Fz_ 1

METLIST
:_ _______________ 1
If BIOMET_SAME =N , RADLIST ]
| |
P Fil Shows input or output
C rogram ) I e

________

Figure 6.29, “Tmpbio input and output files’ [324] showstheinput and output filesfor the Tmpbio program.
Theinput files include the gridded, normalized biogenic emissions from Rawbio (BGRD and optionally
BGRDW and, if BI OSW YN =Y, an optional gridded seasonal switch file output from Metscan (BI -
OSEASON). Rawbio also reads the optional meteorology file GRI D_CRO 2D and the speciation profiles
file (GSPRO). For inputting surface pressure and radiation/cloud data, Tmpbio can either use individual
meteorology files (MET_FI LE1 and MET_FI LE2) or list files (METLI ST and RADLI ST).

Tmpbio outputs gridded, speciated, hourly biogenic emissionsfilesin moles’hour (BGTS_ L) and tons'hour
(BGTS_S) and alog file detailing the program’s execution (LOGFI LE).
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6.21.3.1. Input Files

File Name Format Description

BGRD I/0O APl NetCDF |Gridded, normalized summer biogenic emissions, output
from Rawbio

BGRDW I/O APl NetCDF | Gridded, normalized winter biogenic emissions, output from
Rawbio

Bl OSEASON (optional) |1/0 APl NetCDF | Gridded seasonal switch file containing daily data, with “0”
meaning use winter normalized emissionsand “1” meaning
use summer normalized emissions, produced by M etscan

GRI D_CRO _2D (option-|1/0 API NetCDF |Meteorology file containing latitude and longitude coordin-

a) ates for each grid cell
GSPRO ASCII Speciation profilesfile
VET _FI LEL I/O APl NetCDF |Meteorology file containing temperature and surface pressure

data and possibly radiation/cloud data as well (see Bl O
MET_SAME environment variable)

VET_FI LE2 (optional) [I/OAPI NetCDF |Meteorology file containing radiation/cloud dataif not in
MET_FI LE1

METLI ST ASCII List of meteorology files containing temperature and surface
pressure data and possibly radiation/cloud data as well (see
Bl OVET_SAME environment variable)

RADLI| ST (optional) ASCII List of meteorology files containing radiation/cloud dataif
not in thefileslisted by METLI ST

6.21.3.2. Input Environment Variables
 BG_CLOUD_TYPE: [default: 1]
Specifies which meteorological datato use.
e 1: Use RGND or RSD (solar radiation reaching the ground) from MM5 to calculate PAR
e 2:Use MM5 Kuo cloud fractions and surface pressure data to calculate PAR (untested)
e 3: Use MM5 Kain-Fritsch cloud fractions and surface pressure data to calculate PAR (untested)

e 4: Use MM5 cloud fractions with no deep convection parameterization and surface pressure data
to calculate PAR (untested)

* 5:Assumeclear skieswhen calculating PAR; need GRI D_CRO_2Dfile (latitude-longitude coordin-
ates) for solar zenith angle calculation

* Bl OG_SPRQO [default: 0000]
Specifies the speciation profile for biogenic emissions from GSPRO.
* Bl OVET_SAME: [default: N]

Indicates whether the radiation/cloud data are in the same file as the temperature data (VET_FI LEL)
or adifferent file (VET_FI LE2).
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« Bl OSW YN: [default: TRUE]

Indicates whether to input a gridded seasonal switch file.

*  QOUTZONE: See description in Section 6.14.3.2, “Input Environment Variables’ [279]

« PRES_VAR [default; PRSFC]

Specifies the variable name for surface pressure data to extract from MET_FI LE1.

« RAD_VAR [default: RGRND]

Specifies the variable name for radiation/cloud data to extract from either MET_FI LEL or optional
MET_FI LE2.

« TMPR_VAR [default: TA]

Specifies the variable name for temperature data to extract from MET_FI LE1.

6.21.3.3. Output Files

File Name Format Description

BGTS L I/0O API NetCDF |Gridded, speciated, hourly biogenic emissions, in moles/hour
BGIS S I/0O APl NetCDF | Gridded, speciated, hourly biogenic emissions, in tons/hour
LOGHI LE ASCII Log generated from executing Tmpbio

326




Chapter 7. SMOKE Quality Assurance
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7.1. Introduction

This chapter provides documentation on SMOKE's quality assurance (QA) capabilities. Quality assurance
of emissions modeling resultsisavery important component of using SMOK E. Because emission modeling
isacomplex procedure that includes many disparate data sets and many processing steps, it iscritical that
quality assurance be performed on the emissions modeling results prior to using the model-ready emissions
inair quality modeling. Failure to quality assure the results will aimost surely result in undesirable errors
in SMOKE's output caused by factors such as user inexperience, file formatting errors, misunderstanding
of software capabilities, and software bugs. It isfar preferable to catch emissions modeling problems during
emissions modeling rather than after the emissions results have already been used and policy decisions
made based on them.

SMOKE quality assurance consists of at least the following components:
»  Setting up SMOKE using avail able documentation (this manual) on file formats and script setup.
» Reviewing log filesfor errors and warnings, then resolving any problems.

» Reviewing reports generated by SMOKE core programs (e.g., reports from the Cntimat program in-
dicating which controls were applied and the changes made to the inventory emissions).

* Reviewing and customizing reports generated by the Smkreport program, and comparing these to one
another and to totals from the emission inventory.

In this chapter, we provide documentation on the Smkreport program (Section 7.2, “ Smkreport Pro-
gram” [327]), onitsmain input file REPCONFI G(Section 7.3, “REPCONFI Glnput File’ [330]), and on the
Smkreport output reports (Section 7.4, “ Reports Created by Smkreport” [347]). Inthefinal section of this
chapter (Section 7.5, “ Quality Assurance Methods’ [356]), we outline QA methodsthat SMOKE users can
apply to ensure that their inventory and emissions modeling efforts are as correct as possible.

7.2. Smkreport Program
7.2.1. Description

Smkreport uses the SMOKE intermediate files generated by other SMOKE programsto create alarge

variety of emissions and activity datatotalsto be used for QA of the emissionsdata. This QA isin addition
to the QA performed by other SMOKE programsfor checking file formats and input quality, and it focuses
on analysis of the emissions values processed and output by SMOKE. Smkreport operates on one source
category (area, mobile, or point) in agiven run, though it does not operate on biogenic emissions because
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7.2.2. Processing Order

7.2.2.

7.2.3.

biogenic does not have the same structure of intermediate files that Smkreport uses for inputs. Each run
of Smkreport isalso limited to one speciation scenario, one grid projection and resol ution, and one hourly
emissions file. Smkreport can also read in growth or multiplicative control matrices, but not reactivity
control matrices. All of these component datasets are optional, however, and their use is controlled by the
settings in the Report Configuration File (REPCONFI G), described in Section 7.3, “REPCONFI G Input
File” [330]. Analysisof multiple source categories (area/maobile/point) in the same report is a postprocessing
step in which the user can import multiple reports from different source categories and analyze across
multiple source categories.

Themost important input fileto Smkreport isthe REPCONFI Gfile. Through thisfile, you have atremend-
ous amount of flexibility in generating different types of reports. Options are invoked by using reporting
“instructions’, which you prepares before using Smkreport. See the REPCONFI Gdocumentation in Sec-
tion 7.3, “REPCONFI Glnput File” [330] for more information on the reporting options. Additionaly, in
Section 7.5, “Quality Assurance Methods’ [356] we provide some guidance on the types of analyses you
can perform using reports created by Smkreport, and reasons why you might want to use those analyses.

Smkreport can generate mu