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Background

« EPA's Total Deposition (TDep)
program applies the
Measurement Model Fusion
(MMF) technique to estimate
dry and wet deposition for
sulfur and nitrogen

— http://nadp.slh.wisc.edu/committee

s/tdep/tdepmaps/
. . e Total deposition of nitrogen 2010
(] The MMF teChnlque |nVO|Ves Source: CASTNET/CMAQ/NADP ° USE§A02/06118
complex geoprocessing steps to Total nitrogen deposition with the AML script

fuse multiple measured and
model datasets


http://nadp.slh.wisc.edu/committees/tdep/tdepmaps/
http://nadp.slh.wisc.edu/committees/tdep/tdepmaps/
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TDep MMF Technique
Overview: Measured Data

 Clean Air Status and Trends Network
(CASTNET)

— Ambient concentration: interpolated, then
combined with CMAQ deposition velocity to
calculate the measured dry deposition

* National Atmospheric Deposition
Program (NADP)

— Precipitation: interpolated, then fused with
PRISM modeled precipitation

— Precipitation chemistry: interpolated, then
combined with fused precipitation field to
calculate wet deposition
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Purpose

* The original TDep MMF procedure was implemented with
ESRI's ARC Macro Language (AML)
- Not updated by ESRI anymore
— Only supports the older ArcGIS platform (version 9.x)
— Does not facilitate the modern programming practice
— ESRI replaced AML with arcpy, a python library

* Due to the complex geoprocessing steps and multiple
datasets, an organized and iterable implementation is
required to support ongoing data production and future

process enhancements



Code Philosophy

 Application functionality
split into modules

1 ...... ....... ....wee”y...
Woeky —| observed air ‘CMAQ

: : CMAQ dry
concentrations || Seasonalair | | geposition

observed air :
concentrations :

: 1 Weekly average ||
B "~ ‘dry deposition for

: each measured |

: | species :

grids of:
weekly CMAQ

| deposition for

measured
species

Base model

1. Ingest

2. Interpolate

3. Bias Adjust

4. Fuse

5. Aggregate

6. Export




Code Philosophy

 Application functionality
split into modules

 Application runs are
controlled by configuration
files (data dictionaries that
control configurations such as
years to run, file paths, etc.)

Configuration File
(e.g., Parameter definitions for
geo-spatial interpolation)

Base model

Data Dictionary
(Normalizing measurement
input)

1. Ingest

2. Interpaolate

3. Bias Adjust

4. Fuse

5. Aggregate

Data Dictionary
(Normalizing model input)

6. Export

Oracle Database

Measurement Input
(CASTNET, NADP NTN)

File System (e.g., Pine server)

Model Input
(e.g., CMAQ)

Intermediate Products
(e.g., Interpolated
measurements)

TDEP Qutputs
(Raster datasets, map images,
summary statistics)




Configuration Files

Code Philosophy

Base model

. Appl[cation functionality Input
split into modules 1. Ingest Data

 Application runs are
controlled by configuration
files (data dictionaries that cmaq_aggregate._to_asci Ingest and format CMAQ NetCDF files
control configurations such as
years to run, file paths, etc.)

cmagq_ascii2raster Ingest and format CMAQ NetCDF files

Ingest and format CASTNET

CASIINIEILfTe, ol concentration data

® Operations Wlthln MOd u |eS Ingest and format NADP NTN and
NADP_to_point AirMon measured precipitation and
are pe I’fO 'm ed by M eth Od S precipitation chemistry data

Ingest and format PRISM modeled

rism_ascii2raster e
prism._ precipitation data
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Ingest Module

« Contains methods that import
data, re-project the data to the
desired projection, and export
them to:

— Raster files (i.e., geotiff) for gridded
datasets

— Point shapefiles for point datasets

* The ingested data include
- CMAQ
— PRISM
— CASTNET
- NADP

Code Example
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Interpolation Module

« Contains methods that interpolates
the point data
— CASTNET
* Ambient concentration
- NADP
* Precipitation
* Precipitation chemistry

* Inverse distance weighting (IDW)

— arcpy.sa.ldw()

— The interpolation radius for CASTNET
was based on analysis of the correlation
between data points - the distance
where the correlation is 0.7 was used as
interpolation radius
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Interpolation Module

« Contains methods that interpolates
the point data

— CASTNET

* Ambient concentration
- NADP

* Precipitation

* Precipitation chemistry

» Inverse distance weighting (IDW)

— arcpy.sa.ldw()

— The interpolation radius for CASTNET
was based on analysis of the correlation
between data points - the distance
where the correlation is 0.7 was used as
interpolation radius

Summer
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Bias Adjustment Module

* The bias in CMAQ concentrations is »
carried over to the CMAQ modeled dry |

deposition

« Adjustment factors were calculated at Interpolated adjustment factor
each CASTNET sites and interpolated
with IDW

* The interpolated bias adjustment factor
was applied to the CMAQ dry deposition
to correct CMAQ dry deposition bias

Bias adjusted CMAQ dry deposition
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Fuse Module

« A weight factor was assigned for measured
and modeled data

_ * *
qused - Qmeasured Wmeasured + Qmodeled Wmodeled

» The weight factors, W, was calculated based
on the distances from the modeled data
grids to the closest measurement site

* The calculation was implemented with
arcpy.sa.EucDistance()

« The weight was calculated as:

— Wi eacured = 1 — (distance/maximum radius)

- Wmodeled =1- Wmeasured

— The maximum radius was determined by the correlation plot,
as mentioned in the interpolation module

‘ - Measurement site

: Distance to grid 1

: Distance to grid 2
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Fuse Module

Calculate measured dry deposition

— Interpolated CASTNET * CMAQ deposition
velocity

Dry deposition fusion

— CMAQ bias-adjusted dry deposition

— Measured dry deposition

Precipitation fusion
— PRISM
— Interpolated NADP precipitation

Fused dry deposition

Calculate wet deposition
— Interpolated NADP precipitation chemistry * fused precipitation
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Aggregate and Export Module

« Combine dry and wet
deposition to create total
deposition raster

« Aggregate the deposition
from different species to
generate total nitrogen and
sulfur deposition

« Export maps, statistics, and
raster

| Total N
WY (kg-N/ha)
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Results

» For most of the locations, the Python
version agrees well with the AML version

 Differences compared to the AML version:

The change from GRS80 projection to the
more modern NAD83 datum

The change in resolution from 4.13 km to
4 km

Slight change in the domain extent
Issue with CMAQ projection conversion

Unable to reproduce the ion weekly
aggregation results

Discrepancy in some particulate matter
species

« Ongoing effort to fine tune the approach
and code, and QA

Difference between the AML version and the
current python version for total nitrogen
deposition
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Results

» Reduced the size of the application

m Programming Languages Number of Scrlpts Lines of Code

Current PERL, SQL, and AML ~14,000
Updated Python 7 ~3,200

« User friendly

— The configuration files make it flexible; users can customize runs without changing the source code
— Command line options to control certain parameters also available
— Detailed log files for easy debugging

» Developer friendly

— Configuration files serve as the interface for input/output to allow for future inclusion of new data

— Modularized code structure allow developers to add new methods or modules easily for future
adaption of new techniques into the code
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Results

* For some pollutants, TDep fused
dry deposition agrees well with
CMAQ dry deposition

 For sulfur dry deposition, some
individual sites are substantially
higher than CMAQ

— Western U.S. has few network sites
but is with high CMAQ bias

— Future development should include
other networks
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Summary and Future Improvements

A user- and developer-friendly implementation of the TDep
application was developed with Python geoprocessing
— Facilitates adaption of future new techniques

* There are differences in the results produced by the Python
version compared to the AML version; there are ongoing
efforts to identify the cause and debug

* Future improvement:

— Include other monitoring network for bias adjustment
— Fuse CMAQ wet deposition with the measured wet deposition

21



STi | SonomaTechnology

Thank you!

Shih Ying (Changsy) Chang PhD
Air Quality Scientist
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