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Webinar Objectives

ADescribe resources supported by the CMAS Center and EPA
Alntroduce the Atmospheric Model Evaluation Tool

ADemonstrate AMET Website on AWS Cloud VM

A AMET database on AWS Cloud VM pre-loaded with model-obs paired data for:
A July 2018 (agExample for CMAQ 12US1)
A July 2016 (metExamples for WRF (CONUS), MCIP (CONUS) and MPAS(Global))
A 2002-2019 EQUATES: EPAG6 s Q@UAIlity TimE Series Project (CMAQ 12US1)

ACreate and visualize air quality (AQ) and meteorology (MET) model-
observation evaluation plots using the AMET AQ and MET Websites

UNC, Institute for the Environment, CMAS Center
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CMAS Center Resources



CMAS Center Supported

- EPA Open -Source Software
(available on github T developed over past 25 years)

AMET VERDI SMOKE CMAQ

1.3
(2017)

|

~

1.4
(2019)

/ —

.

~

1.5
(2022)

/

_J .

\.

1.6
(2026)

J

|

2.1.5
(2024)

2.1.6
(2025)

/

) e

2.2
(2025)

_J .

.

\.

2.3

/

UNC, Institute for the Environment, CMAS Center

5.0
(2023)

|

5.1
(2024)

/ —

) e

5.2
(2025)

_J .

.

\.

5.3

/

5.32
(2020)

|

5.4
(2022)

/ —

) e

5.5
(2024)

_J .

.

\.

6.0

/

J

10+ additional CMAS
Center Supported Tools
and Models including
WRF-CMAQ and MPAS-
CMAQ

Release Calendar:
https://www.cmascenter.org/downloa

d/release calendar.cfm
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Cloud -based AMET-Web available on AWS

A The Atmospheric Model Evaluation Tool (AMET) is a publicly available and open-source
software developed by the U.S. EPA to facilitate the evaluation of meteorological and air

guality models

o0 https://www.epa.gov/cmaag/atmospheric-model-evaluation-tool

o Appel et al, 2011 https://www.sciencedirect.com/science/article/abs/pii/S1364815210002653

A AMET itself is built using several open-source software packages including R and is
dependent on MariaDB database software that is leveraged to store and query the paired
observation and model outputs

A AMET (v1.6) contains the PHP code that uses an Apache Server for web-based model
evaluation

A CMAS Center created an AWS AMI pre-installed with AMETv1.6 to facilitate the use of
AMET-Web for the CMAS user community

UNC, Institute for the Environment, CMAS Center
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CMAS Center Resources supporting AMET

CMAS Data Warehouse
I
A AWS Open Data Program hosts AMET, CMAQ and Model-ready Emissions Datasets

A https://registry. opendata.aws/cmas-data-warehouse/

A AMET S3 Bucket: https://cmas-amet.s3.amazonaw s.com/index.html

A Metadata for AMET model/obs datasets available on UNC Dataverse

A https://dataverse.unc.edu/dataset. xhtml?persistentld=d0i:10.15139/S3/XT8V 2|

CMAS User Forum

A Discourse forum link for AMET Category

A https://forum.cmascenter.org/c/amet/16
CMAS Center Website

A Conference

A AMET-Web users are invited to submit abtract for Cloud Computing
Session, due July 17, 2026

A 2026 CMAS Conference Website

A Webinars

A hitps://www.cmascenter .org/resources/webinars.cfm
A AMETv1.4 Webinar

A Cloud Tutorials
A  CMAQ and AMET on AWS

A Cloud Help Desk via Zoom
/A 1st Thursday of Month, 3-4pm

A https://unc.zoom.us/meeting/register/tJIMscumurzMvHtFJ32koXFqT 5P AbJdl
HR

rcen

UNC, Institute for the Environment, CMAS Center

Registry of Open Data on AWS

CMAS Data Warehouse

Description

CMAS Data Warehouse on AWS collects and disseminates meteorology,
emissions and air quality model input and output for Community
Multiscale Air Quality (CMAQ) Model Applications. This dataset is
available as part of the AWS Open Data Program, therefore egress fees
are not charged to either the host or the person downloading the data.
This S3 bucket is maintained as a public service by the University of
North Carolina's CMAS Center, the US EPA's Office of Research and
Development, and the US EPA’s Office of Air and Radiation. Metadata
and DOIs for datasets included in the CMAS Data Warehouse are
available from the CMAS Dataverse site: https://dataverse.unc.edu/
dataverse/cmascenter

Update Frequency
New data is added as soon as it is available.

License

There are no restrictions on the use of this data. US EPA License
(https://pasteur.epa.gov/license/sciencehub-license.html)

Resources on AWS

Description

CMAQ Release Benchmark Data for Easy Download
Resource type

S3 Bucket

Amazon Resource Name (ARN)
arn:aws:s3:::cmag-release-benchmark-data-for—
easy-download

AWS Region

us—east-1

AWS CLI Access (No AWS account required)

aws s3 ls -—no-sign-request s3://cmag-release-
benchmark-data-for-easy-download/

Explore
Browse Bucket

Please click here before posting.

£ Topics categories > tags >

My prats @& New Topic

My messages
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M Review
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Latest Top  Categories

= Topic Replies  Activity
Admin ] Airport Sector Availability in 2022 CRACMM
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Invite @ Emissions

More Estimating VOCr from CMAQV5.5 CRACMMv2 . -
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v CATEGORIES
B AMET O Can ELMO be enabled in MPAS-CMAQ? 0 4d
® MPAS-CMAQ
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Introduction to AMET



General Overview of AMET

I
A Model evaluation tool for both MET and AQ models

A MET: WRF, MCIP, MPAS
A AQ: CMAQ, CAMXx
A Coupled Models: WRF-CMAQ, MPAS-CMAQ

A Utilizes open-source software

A MariaDB database
A AMET Tools (CMAQ Post-processing): Fortran https://github.com/USEPA/CMAQ/tree/main/POST#post-processing-tools

A R statistical software (MySQL queries and analysis)

A Advantages of AMET
A capable of managing large datasets efficiently
A partially automated system
A relational database allows for unique querying of data
A pre-defined analysis scripts and R programs

A users can develop own custom analysis or leverage output files to do their own analysis

UNC, Institute for the Environment, CMAS Center
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Air Quality Model Evaluation

Help identify and confirm:

A
A

Hourly, daily, seasonal pollution patterns
Pollutants with a short atmospheric lifetime help provide
information on local and regional air quality

A Use AMET spatial plots help determine if there is a spatial

pattern to the model bias

Pollutants with a long atmospheric lifetime help provide
information on long distance transport at synoptic scales
Behavior of secondary pollutants

A PM,¢ is made up of both primary (directly emitted) as well
as secondary (through chemical conversion of gas-phase
species) components

Are models capturing both the minimum and maximum values
of Ozone, PM and other pollutants compared to observations?

UNC, Institute for the Environment, CMAS Center

AMET contributes to CMAQ Model Evaluations:

A Evaluate the impact of

new deposition schemes

boundary and initial conditions

model resolution

new chemical mechanism

Improvements in emission inventories

Improvements in emission inventory resolution (1km NEMO)
improved wildfire emissions

A Evaluate long-term trends
A Observe decrease in pollution due to effective emissions
controls
A Evaluate meteorology model improvements

A ImProvements in timing and extent of cold fronts that transport
pollutants from the boundary layer to the troposphere help
reduce model bias.

To To T I To I I

A Model evaluations:

A Appel, K. W,, Pouliot, G. A., Simon, H., Sarwar, G., Pye, H. O. T., Napelenok, S. L., Akhtar, F., and Roselle, S.
J.: Evaluation of dust and trace metal estimates from the Community Multiscale Air Quality (CMAQ) model
version 5.0, Geosci. Model Dev., 6, 883i 899, htt i.org/10.5194/gmd-6-883-2013, 2013.

A Campbell, P. C., Tang, Y., Lee, P., Baker, B., Tong, D., Saylor, R., Stein, A., Huang, J., Huang, H.-C., Strobach,
E., McQueen, J., Pan, L., Stajner, |., Sims, J., Tirado-Delgado, J., Jung, Y., Yang, F., Spero, T. L., and Gilliam,
R. C.: Development and evaluation of an advanced National Air Quality Forecasting Capability using the NOAA
Global Forecast System version 16, Geosci. Model Dev., 15, 328171 3313, https://doi.org/10.5194/gmd-15-3281-
2022, 2022.

A Farzad, K., Zhang, Y., Tong, D., Ma, S., Tang, Y., Huang, J., et al. (2026). Application and evaluation of a
NOAA GFSZiriven air quality model using CMAQV5.4 and highZesolution emissions: FIREXZAQ 2019. Joumal
of Geophysical Research: Atmospheres, 131, e2025JD045668. https://doi.org/10.1029/ 9
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Understanding AQ Observational Data

ET / 2000_2024_NAmerican, _AQ_Obs_Data

cmas-amet
I folders? # Folder ¥ Bucket X% €D

AMET AQ Observational Data for 2000-2024
(available in North America)

A Prepared by EPA AMET Developer

Search:

1¥  Last Modified Timestamp Size

8 months ago 2025-09-18 13:12:50 2KB

8 months ago 2025-09-18 13:12:28 410 MB

8 months ago 2025-09-18 13:12:50 440 MB

8 months ago 2025-09-18 13:11:49 1GB

8 months ago 2025-09-18 13:11:23 2GB

A Metadata on UNC Dataverse CMAS Center:

https://dataverse.unc.edu/dataset.xhtml?persisten
tld=d0i:10.15139/S3/XT8V?2I

L4 AKXt R K
MY ) N %8
A Download from CMAS Center Data Warehouse %-f";.' i Sy

s n'l,?b';ﬂ'h '
on AWS : https://cmas- . Soropt )
amet.s3.amazonaws.com/index. htmli#AMET/2000

2024 NAmerican AQ Obs Data/

A Understand what species are available from

each observation network to avoid plot errors
(no data available). https://www.epa.gov/outdoor-air-guality-data/interactive-
map-air-quality-monitors
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Understanding MET Observational Data

AMET MET Observational Data is automatically downloaded from
MADIS GTS METAR Data (available from World-wide sites) as

model-obs pairs are loaded into
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Understanding Model Output Data &

A The model species available are much more extensive than what is measured at observation networks

A Plots may be generated only for paired model-observation data.
A 6 MET variables in metExample projects (mcip, wrf, and mpas)
A 40 AQ species in EQUATES (cmaq)
A 126 AQ species in agExample (cmaq)

A Number of paired model-obs data are dependent on the horizontal resolution and geographic area
(regional, continental, or global scale model) and time range (month, annual, decades) available in the
model output. Are there multiple observation sites within a single grid cell? Are these observation
values averaged or interpolated prior to comparison to model data?

A Understand the model scenario: month, year, duration, model version, model options (chemical

mechanism, physics options, boundary conditions, initial conditions)

UNC, Institute for the Environment, CMAS Center 12



WRF, MCIP, MPAS Simulation Domains

VERDI Plots of Temperature

I Layer 172011 WRF Layer 2 TAI MCIP

30_180700 me_1

[L]=wrfeut_subset_2016-07-01_00.00:00_1

320.000

AMET loads model/obs paired data,
obtaining domain, grid resolution, time
period, species, units from model and
matches to obs data. Resolves names from
various models (T2, TA, t2m) to correct
observational species name (2 meter
Temperature), and does require unit
conversions

313750

307.500

301250

301250

¥ 295.000

288.750

282.500

Domain information from model output

1 Ed n 106 141 176 211 248 281 A6 EL £ 421 456

WREF: Hin 510 00 - 272144 s 73 130 - 47577 e
_ . L 1t2m[1
A WESTEAST_GRID_DIMENSION =472 ; . aﬁ‘f‘:"“ 201'::7[_01 ] MPAS
A :SOUTH NORTH_GRID_DIMENSION = 312 ; o E—— e
A :BOTTOM TOP_GRID_DIMENSION = 36 ; 2 e
M CI P 307.500
A NCOLS = 459 , 301.250
A NROWS =299 .
M PAS: 286.750
A dimensions: nVertLevels =50; nCels =
40962 ; nEdges = 122880 ; nVertices =
81920 , w57 276.250

July 01, 2016 00:00:00 UTC
Min (39.459, -79.62) = 207.582, Max (-117.159, 36.678) = 319.318

UNC, Institute for the Environment, CMAS Center 13



agExample and EQUATES Simulation Domains
VERDI plots of Ozone

agExample_ CMAQV532 July 1, 2018 EQUATES_CMAQV532 July 1, 2018

Layer 1 O3[1] Layer 1 03_MDAS[1]

[1]=HR2DAY_LST_ACONC_EQUATES_v532_12U

[1]=COMEINE_ACOMC_agExample_201807.nc_1 60.000
50.000
280
277
273 265
52.500
256 52.500 253
239
45.000
222 45,000 217
205
193
188 37.500 37.500
171
2 >
154 & 30,000 17 2
145 2
137
120
22,500 121
103
o6 57
85
50 15.000
52 61
a5 7,500 49
37 2.500
18 I
l T T T T T T T T T 0‘000
1 52 103 154 205 256 207 356 409 1] 0.000

July 01, 2018 00:00:00 UTC
Min {56, 253} = 5.022, Max {158, 125} = 97.609

UNC, Institute for the Environment, CMAS Center 14



Pairing Model and Observational Data

— https://registry.opendata.aws/cmas-data-warehouse/
CMAQ post processing tools:
Description
A combine i combine model variables to create species (e.g. particulate matter AMET Data
less than 2.5 um (PM2.5) comparable to species measured at observational sites Resource type
and create hourly post processed output for the entire time period of simulation 53 Bucket
to be used by AMET) / Amazon Resource Name (ARN)
arn:aws:s3:::cmas—amet
A Model output obtained from CMAS Data Warehouse AWS Region
us—east-1

A file sizes for model data prior to running sitecmp and loading data into

AWS CLI Access (No AWS account required)

MariaDB ,
) aws s3 ls ——no-sign-request s3://cmas—amet/
A 1 month of CMAQ 12US1 ACONC datai 51 GB Explore
A 1 month of CMAQ 12US1 DEPOSITION datai 39 GB Browse Bucket
A 1 month of MET (WRF, MCIP, MPAS) - 787.4 GB AWS 53 Explorer
A sitecmp - used to match model species output for particular locations for B - e
corresponding observed values of species from one or more networks of Show so  ~ entries Search:
monItOTS Object I Last Modified Timestamp Size
A Size of MariaDB table files under /var/lib/mysq| i

A EQUATES (2002-2019) i 220 GB comme e aree s
A AMET (metExample and agExample) - 3.8 GB Showing 1 to 3 of 3 entries Previous Next

UNC, Institute for the Environment, CMAS Center 15



AMET Tools Model -Observation Data Harmonization &

Synchronizing data across networking sites and model data is
handled by AMET Tools (combine and sitecmp)

iIncluding:
AFormat data files and types
A Align time zones and time standards
AEnsure model and observed variables match
AUses quality control flags for observed data
AEnsure units are uniform
AHarmonize parameter data with metadata
AEnsure site locations (latitude, longitude) match with gridded model data
AEnsure consistent averaging periods

UNC, Institute for the Environment, CMAS Center 16



AMET Plot Programs (#)
use different R packages: leaflet, plotly , ggplot2

A

A

Scatter plots (14) - correlation between model and observational values
A Binned, Density, Model to Model, Percentiles, Single Network, Forecast Skill, Soil

Time series plots  (12) - trends over time, pattern over time (diurnal, weekly, seasonal), random fluctuations (error), missing data
A Model to Model, Multi-Network
Spatial plots | (14) - spatial patterns of model-observation data across a region, identify neighborhoods or regions impacted by
pollution
A Difference, Model to Model, Ratio

Box plots | (7) - visualize the distribution, concentration, and variability of pollutants (such as PM2.5, NO2, or O3) over time or across
different locations. Horizontal lines represent the median concentration, shading represents the interquartile range (IQR, 25thi 75th
percentile), and vertical lines identify extreme values or outliers

A Hourly, Day of Week, MDAS8, Roselle

Stacked bar plots | (9) - variation in species that make up PM2.5 for each season for CMAQ Model versus Observational Neworks
(CSN, IMPROVE) and for seasons (Winter, Spring, Summer and Fall)

A AEROG, Panel, AERO6 Panel, Soil
Miscellaneous scripts  (Kelly plot (regional statistical evaluation), soccer plot, bugle plot, histogram) (14), Experimental scripts | (4)

Statistics

A Correlation coefficient, Normalized Mean Bias (NMB), Normalized Mean Error (NME), Root-mean-square error (RMSE), Index
of Agreement (I1A)

17



AMET Website on AWS



Advantages of Cloud -based AMET

I
A Pre-release of AMET 1.6

A new features in develop
branch https://github.com/USEPA/AMET/tree/develop#atmospheric-model-
evaluation-tool

A pre-installed libraries and software (AMETv1.6, MariaDB, netCDF, I/0O API, R
packages, Apache Web Server, PHP)
A AMET on AWS Tutorial
A userinstructions i how to launch AMET Website and do analysis

A developer instructions - how AMETv1.6 was installed and saved to
AWS AMI

A Matching Model with Observations and loading into MariaDB
A Pre-loaded using aq_pre_and_post.csh (turn off plots to save time )
A agExample i CMAQ, 12US1, July 2018
A metExample i WRF, MCIP, MPAS July 2016

A EQUATES - EPA6 s Q@UAlity TimE Series Project for 2002-2019,
exported from EPA MariaDB

A Load new projects using scripts under SAMETBASEcripts_db
A Requires uploading model data and editing db load scripts

A Web-based (PHP) GUI for Analysis

A Create interactive plots from Web Browser using PHP and Apache Web
Server

UNC, Institute for the Environment, CMAS Center

7.1. AMET on AWS

The Atmospheric Model Evaluation Tool (AMET) (Appel et al., 2011) matches the model output for
particular locations to the corresponding observed values from one or more networks of monitors
using the program sitecmp, a post-processing routine from CMAQ. These pairings of values (model
and observation) are then used to statistically and graphically analyze the model's performance.

AMET Website helps users generate and view plots created by AMET R programs using a web
browser.

aws-cmaq

documentation Select projects, species, observational networks and programs to run using the interactive website
with check box, and pull-down menu options. Create plots by selecting one or more observation
& Soarch networks and species, and select the program to run. Click on the Run Program button to run the
program for the selected observation network and species on the VM. The R program queries the
database, creates the plots, and provides links for the user to view either a pdf or png or html (for
CONTENTS: interactive plots) version of each plot.
1. Create Single VM NV

Multiple programs are available to choose from for each plot type including Scatter Plots, Time Series

2. Create a Parallel Cluster v Plots, Spatial Plots, Box Plots, Stacked Bar Plots, Kelly Plots, and Soccer Plots.
and run CMAQv5.4

Programs that use Plotly are interactive, allowing you to subset the time range, and enable or disable
3. Performance and Cost v

Optimization items displayed on the plot by clicking on them in the legend.

4. Developer Guide to install v Some programs also support model to model comparisons by selecting multiple projects, and also
and run CMAQV5.4 on Single

VM or Parallel Cluster support display of results from multiple observation networks, and for multiple species on the same
plot.

5. Post-process and QA .
Link to AMET User Guide

6. Logout and Delete v

ParallelCluster

7. Run AMET on a VM ~ 71.1. Learn how to use AMET on AWS

7.1. AMET on AWS
« Create a VM with preloaded AMET databases and projects
7.2. Spin up a server using

pre-installed AMET AMI « Perform analysis of the 3 MET projects (mcip, wrf, mpas) provided using the AMET Met Website
73. Create Air Quality Plots « Perform analysis using the AQ project agExample and 18 EQUATES projects using the AMET AQ
using the AMET AQ Website Website

7.4. Programs to create plots « Load model data and observation data for a new project

cluster/amet/ami_website.html

AWS is Scalable

A allows users to increase computing power, storage, and
network bandwidth and memory on demand to meet
changing needs

A note: expand or reduce additional storage volumes
(avoid expanding root volume)

A EC2instance (VM) can be stopped/started/terminatéd

when not in use to reduce or save cost


https://github.com/USEPA/AMET/tree/develop#atmospheric-model-evaluation-tool
https://github.com/USEPA/AMET/tree/develop#atmospheric-model-evaluation-tool
https://github.com/USEPA/AMET/tree/develop#atmospheric-model-evaluation-tool
https://github.com/USEPA/AMET/tree/develop#atmospheric-model-evaluation-tool
https://github.com/USEPA/AMET/tree/develop#atmospheric-model-evaluation-tool
https://github.com/USEPA/AMET/tree/develop#atmospheric-model-evaluation-tool
https://github.com/USEPA/AMET/tree/develop#atmospheric-model-evaluation-tool
https://pcluster-cmaq.readthedocs.io/en/latest/user_guide_pcluster/amet/ami_website.html
https://pcluster-cmaq.readthedocs.io/en/latest/user_guide_pcluster/amet/ami_website.html
https://pcluster-cmaq.readthedocs.io/en/latest/user_guide_pcluster/amet/ami_website.html

Create AWS EC2 Instance (VM) from AMI

A Sign in to Console after creating AWS account

A Search for AMIs on AWS Management Console
Select N. Virginia Region (us -east-1)
Select Public Images Tab

Search query: AMIID = ami-0332ded5a4f0ladb2
Select ami, then click

Launch Instance from AMI

a bk wWbhE

aws ® HH Q. Search [Option+S] (3 Ask Amazon Q e Q (@) 1 United States (N. Virginia) ¥

S

FSX FSx 53

e EC2 > AMiIs @ 5
EC2 < Amazon Machine Images (AMIs) (1/1) info —
AR le Bi A EC21 i i v i
Dashboard (K4 ecy |n ) (L mage Builder ) ( Actions S_wh instance fro@
AWS Global View 12 2_ulic images ¥ _ 3 .2 searchn AMI ID = ami-0332ded5a4f01adb2 J
Events ( AMIID = ami-0332dedsa4fotadbz | X | ( Clear filters ) ] &
P Instances
¥ Images Name & | AMI name AMI ID
AMis 4 {(} ami_AMET_1.6_web_05_12_2026 AMET_1.6_web_05_12_2026 ami-0332ded5a4f01adb2
AMI Catalog : :

UNC, Institute for the Environment, CMAS Center 20



Select size and launch Instance (VM)

aws @ i Searct [Option+S] (9 Ask Amazon Q o (©)] United States (N. Virginia) ¥
] .
= EC2 > Instances > Launch an instance o 5
. __ . 2 » Description Including AMIs from
From Virginia (us -east-1) Region s relce v Summary
Image ID

Number of instances  Info
ami-0332ded5a4f01adb2

Verify selected ami ID armns | © 1 :

root (Check with the AMI provider.)
Software Image (AMI)

S e | eCt | n Stan Ce Type : t3 . X I arg e Published Architecture Virtualization Root device type ENA Enabled AMET_1.6_web_05_12_2026

2026-05-12T18:24:02.000Z x86_64 hvm ebs Yes ami-0332ded5a4f01adb2

Virtual server type (instance type)

Create new key pair (login key) e

Use default storage but modify network
Settlngs (See nEXt Sllde) ¥ Instance type info | Get advice ?':;ag;::lﬂ_u;g:s)ﬁiﬂ

a kr WD E

3 Instance type
. t3.xlarge 0] Free tier: In your first year of opening an AWS X
Family:t3 J4vCPU 16 GiB Memory Current generation: true @© All generations account, you get 750 hours per month of
On-Dem; Ubuntu Pro base pricing: 0.1734 USD per Hour v t2.micro instance usage (or t3.micro where

On-Démand Windows base pricing: 0.24 USD per Hour
On-Demand SUSE base pricing: 0.2227 USD per Hour
On-Demand Linux base pricing: 0.1664 USD per Hour  On-Demand RHEL base pricing: 0.224 USD per Hour tier AMIs, 750 hours per month of public IPv4
Additional cost TP installed soft address usage, 30 GiB of EBS storage, 2
1mional costs a or S Wi re-installed sortware T
PPYY P million 1/Os, 1 GB of snapshots, and 100 GB

For different region, AMI will need to be

charges are not included as part of the free

CO p | e d tO th at reg |O n before |aU nC h | n g ¥ Key pair (login) it tier allowance. Charges may apply depending

I nStan Ce You can use a key pair to securely connect to your instance, Ensure that you have access to the selected key pair before you launch the
instance.

* costs vary by instance type, amount of @
storage, region 4y o)

Compare instance types t2.micro isn't available) when used with free

¥ Network settings info

5. see next slide
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o ok WD

Modify network settings and launch Instance (VM)

|

Configure network settings
a. create new security group
b. allow ssh traffic
c.  restrict ssh traffic to your IP address
d.  allow https traffic from the internet*
e. allow http traffic from the internet*

Launch Instance (VM)**

View Success window

Click on Instance ID to view instance details
Copy public IP address to use to for login

Copy private IP address for apache
portS.conf

*Please consult with Cloud IT Support for
advice on need for more restrictive
organizational access policies

**Faor different region, AMI will need to be
copied to that region before launching instance

**costs vary by instance type, amount of
storage, region (see nextslide)

UNC, Institute for the Environment, CMAS Center

1.

d.

b.
d.

¥ Network settings o

Network  Info

vpe-3cfc5759

Subnet  Info

No preference (Default subnet in any availability zone)
Auto-assign publicIP  Info

Enable

Additional charges apply when outside of free tier allowance

Firewall (security groups)  Info

A security group is a set of firewall rules that control the traffic for your instance. Add rules to allow specific traffic ta reach your instance.

O Create security group O select existing security group

We'll create a new security group called 'launch-wizard-408' with the following rules:
llow SSH traffic from C My IP )
. ":L—/ v
Helps you connect to your instance

@Allow HTTPS traffic from the internet

To set up an endpoint, for example when creating a web server

e @ Allow HTTP traffic from the internet
.

To set up an endpoint, for example when creating a web server

Edit )

EUS

Q, Search
FSx Fsx F(s3

= [EC2 > Instances 2> Launch an instance

© Success
. Successfully initiated launch of ins 4 . 1i-08957c5c9148¢ce025)

i-041d2ac633308f909 (AMET_1.6_public_ami_restricted_login)

[Option+S] (9 Ask Amazon Q

v

Nui

Summary

mber of instances  Info

1

Software Image (AMI)
AMET_1.6_web_05_12_2026

am

i-0332ded5adf01adb2

Virtual server type (instance type)
t3.xlarge

Fir

ewall (security group)

New security group

Storage (volumes)
1 volume(s) - 500 GiB

-

0] Free tier: In your first year of opening an AWS X
account, you get 750 hours per month of
t2.micro instance usage (or t3.micro where
t2.micro isn't available) when used with free
tier AMIs, 750 hours per month of public IPv4
address usage, 30 GiB of EBS storage, 2
million 1/0s, 1 GB of snapshots, and 100 GB
of bandwidth to the internet. Data transfer
charges are not included as part of the free
tier allowance. Charges may apply depending

on your account's free tier status.

~

{ Details } Status and alarms Monitoring Security Networking Storage Tags

ﬁEivate IPv4 addressEE)
T

Public DNS

¥ Instance summary Info

Instance ID
[0 i-041d2ac633308f909 5

CEublic IPv4 addreiD
|E]_ | open address L2

IPv6 address Instance state
- © Running

6.

i

Cancel

2.

Launch instance

B Preview code

22



Cost of EC2 Instance (virtual machine) and storage

r—— EC2 cost For Virginia (us -east-1) Region

T3 instance type, physical processor: Intel Skylake E5, CPU Architecture: x86_64

EC2 Instance Type # vCPUs Memory Cost/hour Cost/day
t3.2xlarge 8 32GB $.33 $7.92
t3.xlarge 4 16GB $.166 $3.98
t3.large 2 8GB $.083 $1.99

Storage cost For Virginia (us -east-1) Region https://aws.amazon.com/ebs/pricing/
A 500 GiB AWS gp3 EBS volume typically costs $40.00 per month for storage alone ($0.08 per GiB-month) 3,000 IOPS & 125 MB/s throughput free

The Amazon Machine Image (AMI) with 500 GB of storage, which relies on EBS snapshots, typically costs $25.00 per month ($0.05per GB-month) in
the US East region. If using the AMI in the us-east-1 region it does not need to be copied to your AWS account, saving the cost of the ami ~ $.83/day.

Total cost of running AMET Website for EQUATES+agExample+metExample: (VM + storage (volume + ami))= $6/day
Note, if you stop the instance, the storage costs still accrue, but no charges for the VM. Storage costs alone: $1.33 (gp3) + .83 (ami) = $2.16/day

o o Io Do Do

Reduce cost for AMI without EQUATES database (requires deleting EQUATES database and resizing root volume; not yet available)
0 Use smaller VM (t3.large) with small root volume ( ~ 30 GB, gp3 volume: cost $.08 per day, snapshot cost: $.05/day,
o Total cost of running AMET Website for agExample + metExample: VM + storage (volume + ami))= $2.12/day
0 Storage cost alone = $.13/day

A MariaDB table sizes under /var/lib/mysqgl (paired values loaded into database)
o 3.8G ./amet (agExample, metExample wrf, metExample mcip, metExample _mpas)
o 220G ./amad EQUATES (2002-2018) 23
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Deploy AMET Website

I
Login to AMET_1.6_web from the AWS EC2 console

A

A
A
A

o I

obtain the IP address
open an ssh client

Locate your private key file

Run this command, if necessary, to ensure your key is not publicly viewable.

chmod 4 0 key gpair_name.pemo

Connect to your instance
ssh 7Y 71 Key pair name 0 ubuntu@public IP_address

Edit the apache2 ports.conf file to specify the private IP address
for the EC2 instance that is being used to run AMETV1.6

A sudo su

A vil etc /apache2/ ports.conf

Restart apache server
A systemctl  restart apache2

Start MariaDB Server
A systemctl start  mariadb
A exit! Out of sudo su

Create Air Quality Plots using the AMET AQ Website
A http://public - ip - address:443/querygen_ad.php

[}
O « C @Not Secure http://54.157.22.60:443/querygen_ag.php

-3] Import bookmarks... @ Cetting Started ﬂ Solar Futures Study... Utility Carbon-Redu... €O External data: Local... H LEEC

Atmospheric Model Evaluation Tool

Air Quality Analysis and Statistics Module

This web-based utility queries the AMET database for sub-sets of data, then performs a variety of
statistics and generates user-defined plots.

Data Subset Specification
Currently there several categories with multiple criteria that allow the user to isolate a particular set

of data. Please ignore criteria that do not apply to your particular need, as those criteria will not be
considered in the data selection.

Database Specification

Choose a Database

\ v

Project/Model Run Specification

24



Database Specification

Choose a Database

Database ID: amet

AMET Website Navigation .

Project/Model Run Specification

Choose a Project
2 Project ID: agExample, User ID: ubuntu, Setup Date: 10/23/2025 v
.
Climate Regions
] £0hio Valley

% Upper Midwest
% Northeast

3 % Northwest

0 ¥ South
% Southeast
% Southwest
4 West
% No. Rockies
4 AQ Observation Networks 5 Species to Plot
* | Choose air quality monitoring networks to use. -
l . D ata b ase Choose a Species. Use Ctrl to select/deselect
[_| IMPROVE (e.g. S04,NO3,PM, 5,EC,OC,TC) multiple species.
P ro 1 e Ct S [ €SN (e.g. 504,NO3,NH;,PM; 5,EC,OC,TC) NO3_ddep
J || CASTNet (e.g. SO4,NO3 NH4,S05,HNO3, TNO3) NO3_dep
|| CASTNet - Hourly (O3, RH, Precip, T, Solor Rad, WSPD, WDIR) NO3_IJK

R e g I O n (S) || CASTNet Daily (1-hr and 8-hr max Og) :gi

["] CASTNet Dry Dep (SO4,NO3,NH;,HNO3,TNO3,03,S03)
NOY

f [ CAPMoN (SO4,NO3,NHz, HNO3, TNO3,S05)
O b S e rvatl O n N e t\NO rk(S) [ | NAPS - Hourly (O3,NO,NO2,NOx,S05,PM3 5,PM1q) 2§_1hrmax_9ce\l

|| NAPS - Daily O3 (1-hr and 8-hr max O3

Species(s) to Plot wm o
Start and End Date ::::::Efff“?f:f:"f;(:‘;%‘;T?nii“;ff’xg‘)"f”2‘5'°3'°‘°"
Choose Program to Run | .- >

a. some support multiple species, .

multiple networks, multiple S Mol e

NOoO R WN

Date and Time Criteria

Start Date \ End Date
Y Month D
2018 v 07 v ] ‘ ( 2ofsarv4 ‘ {& ] ‘ _'?a%\
model runs
Choose Program to Run
8. Run Program 7
: [Multi-Species Time-series Plot (mult. species, single run) v ]

Choose which program to run to create specific stats and figures. Note that
some programs require certain temporal data (e.g. hourly, monthly). For
information regarding each of the programs, click here.

UNC, Institute for the Environment, CMAS Center 8_| Run Program (opens in new tab) | 25




AMET Website Actions and Results

A settings are saved to ${ cach.e_amet M rgn_lnfo.r Your MySQL query:
A theR program name and environment variables are saved to and s.stat_id=d stat_id and d.ob_dates BETWEEN 20180701 and 20180731 and d.ob_datee BETWEEN 20180701 and 20180731 and
${ cache_amet }/ run_script.csh (d.ob_hour >= 00 and d.ob_hour <=23)
H H R AMET Ti ies Plots
Each R program saved within run_info.r wrapper mesene T

Timeseries Plot (PDF) Timeseries Plot (PNG) Timeseries Data (CSV)

e.g.
AMET v16/R_analysis code /AQ_Timeseries_multi_species.R
has a description at the top

q ueries the MariaDB or reads the sitex file (if database is not use d) This web-based utility queries the AMET database for sub-sets of data, then performs a variety of statistics and generates
user-defined plots.

saves the data to a data.frame

o To o o |

Calculate Obs and Model Means and bias

A using selected averaging (daily, hourly, monthly)
Write data to be plotted to a csv file
Calculate some values for plot formatting

To o o

runs the statistical analysis (correlation, rmse)
A creates the plots and saves the output

A after program completes, the plots are saved to the cache
directory and displayed to the website or an error message is

saved to web_query.txt and displayed to the user -



AMET Multl -species Timeseries Plot

A Ozone Observed and Modeled
(agExample database) values in
July increase during day, and
decrease at night, with Modeled
values slightly underestimating the
observed maximum values and
underestimating the minimum
values.

UNC, Institute for the Environment, CMAS Center

NO, O3 (ppb)

NO, O3 (ppb)

agExample, AQS Hourly, NO, O3 for 20180701 to 20180731

70— NO (Observed) # of NO Sites: 485
60 4—— NO (Modeled) # of O3 Sites: 1283
—— O3 (Observed)
50 -~ 08 (Modeled) AN AAARA AN . A oA A (
40 ~ [
30 it [ | \ \/ \
\| \ \ ) \ \ \ \ \ ‘
20 < v vov L \  \ \ \‘ \ \ \ \ \ \ V
10
Jul01 Jul03 Jul05 Jul 07 Jul09 Jul11 Jul14 Jul16 Jul18 Jul20 Jul22 Jul24 Jul27 Jul29 Jul 31
Date
agExample, NO, O3, Bias for 20180701 to 20180731
10 4— NO # of NO Sites: 485
— O3 # of O3 Sites: 1283
i A/\ /\/\/
0 M/\l/\f\ﬂ/\«/\ﬂﬂf\/\thﬂﬁ /\/\/\/\{\f\[\/\w/\‘/\ﬁ A/\
vyy'vvﬂ)“ il 1”1 VY
-5

Jul01 Jul03 Jul05 Jul07 Jul09 Jul11 Jul14 Jul16 Jul18 Jul20 Jul22 Jul24 Jul27 Jul29 Jul 31

Date

‘ [ Multi-Species Time-series Plot (mult. species, single runj) v| ‘ ‘

Plot takes 1 minute to create, query is for 2 species for 1 month
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AMET Plotly Multi -species Timeseries Plot &

tyr vID [al aqExample, AQS Hourly, NO, O3 for 20180701 to 20180731

l|

| p ||' ]' l\i . Ml ||l \' |

'* VWW&RM

uuuuuuuuuu

—e— 0l
—8— a

AgExample database model
and observed NO values
increase at night; with the
model NO values being
underestimated compared to
the observed values

(ppb)

With interactive plots, the user
can click on the legend to
enable/disable the timeseries
plot for that item. O3 obs and
model values and bias values
are greyed out and disabled in
this plot to allow us to focus on ﬂ
Observed NO ( obs) and

Model NO (agExample).

‘ | Plotly Multi-species Timeseries ~| H

Interactive Plot takes 2 minutes to create, query is for 2 species for 1 month
UNC, Institute for the Environment, CMAS Center http://34.235.138.0:443/cache/agExample_multispec_995235_timeseries.html 28



http://34.235.138.0:443/cache/aqExample_multispec_995235_timeseries.html

AMET Plotly Multi -simulation Timeseries Plot

MDAS8 Ozone 12US1 EQUATES (CMAQV532)

OBS i black
Model - Color for each
EQUATES model year

I Trends Analysis

Observation and model both show a
wavy pattern with a decrease of the
higher values of daily maximum 8-hour
average Ozone (MDAS8) and AQS Daily
O3 observations over time (2002-2019)
due to emission controls in the U.S.,
with higher values in the summer, and
lower values in the winter

Model Bias is also a wavy pattern.

Model bias is lowest just before

the peak of the 2003 MDA8 O3 values
where the model is underestimating the
concentrations compared to the
observations.

Model bias is highest just after the
peak of the 2009 MDAS8 O3 values
where the model is overestimating the
concentrations compared to the
observations.

2003

70
60

50

Model,
Obs

40

(ppb)

30

03_8hrmax

20

10

Model .
Bias
-10

Model bias low value

2005

2009

2010

Date

) Model bia

i

s high value

2020

—8— AQS_Dally_03

—8— CMAQV532_12US1_2002 (# Sites: 1198)
—£- CMAQv532_12US1_2002 (Bias)

—8— CMAQV532_12US1_2003 (# Sites: 1218)
—£~ CMAQV532_12US1_2003 (Bias)

—8— CMAQV532_12US1_2004 (# Sites: 1216)

—5- CMAQUS532_12US1_2004 (Bias)

—8— CMAQV532_12US1_2005 (# Sites: 1205)

—5- CMAQVS532_12US1_2005 (Bias)

—8— CMAQVS532_12US1_2006 (# Sites: 1210)

~=- CMAQVS532_12US1_2006 (Bias)

—8— CMAQVS532_12US1_2007 (# Sites: 1236)

~5- CMAQV532_12US1_2007 (Bias)

—8— CMAQV532_12US1_2008 (# Sites: 1245)

~5- CMAQVS532_12US1_2008 (Bias)

CMAQVS532_12US1_2009 (# Sites: 1252)

CMAQV532_12US1_2009 (Bias)

—8— CMAQV532_12US1_2010 (# Sites: 1278)

~- CMAQVS532_12US1_2010 (Bias)

—8— CMAQVS532_12US1_2011 (# Sites: 1328)

—=- CMAQVS32_12US1_2011 (Bias)

—e— CMAQV532_12US1_2012 (# Sites: 1327)

~5- CMAQVS532_12US1_2012 (Bias)

—8— CMAQV532_12US1_2013 (# Sites: 1328)

~5- CMAQVS532_12US1_2013 (Bias)

—8— CMAQVS32_12US1_2014 (# Sites: 1316)

- CMAQV532_12US1_2014 (Bias)

—8— CMAQU532_12US1_2015 (# Sites: 1307)

~5- CMAQVS532_12US1_2015 (Bias)
CMAQV532_12US1_2016 (# Sites: 1304)
CMAQU532_12US1_2016 (Bias)

—e— CMAQV532_12US1_2017 (# Sites: 1302)

~5- CMAQVS532_12US1_2017 (Bias)

—e— CMAQV532_12US1_2018 (# Sites: 1290)

—5- CMAQVS532_12US1_2018 (Bias)

—8— CMAQVS532_12US1_2019 (# Sites: 1273)

—-5- CMAQVS532_12US1_2019 (Bias)

| Plotly Muli-simulation Timeseries

2|

This Plotly multi-simulation timeseries plot takes 5 minutes to create, query is for 1 species for 18 years

http://34.235.138.0:443/cache/CMAQV532_12US1 2002_03_8hrmax_203698_timeseries.html
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AMET Plotly Multi -simulation Timeseries Plot
Zoomed Into year 2009

Trends Analysis

EQUATES model/obs
paired data is for a long
enough time period to see
increase in ozone over the
) Model
summer, and decrease in Obs
the winter over the 12US1
domain.

AgExample dataset has Model
only one month of data. Bias

UNC, Institute for the Environment, CMAS Center

03_8hrmax ( ppb )

2009 MDAS Ozone 12US1 EQUATES (CMAQV532)
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| Plotly Muli-simulation Timeseries

o) |

—e— AQS_Daily_03

—8— CMAQv532_12US1_2002 (# Sites:

—=- CMAQv532_12US1_2002 (Bias)

—8— CMAQv532_12US1_2003 (# Sites:

—=- CMAQv532_12US1_2003 (Bias)
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—8— CMAQv532_12US1_2013 (# Sites:

—=- CMAQv532_12US1_2013 (Bias)

—8— CMAQV532_12US1_2014 (# Sites:

—5- CMAQv532_12US1_2014 (Bias)

—=- CMAQv532_12US1_2015 (Bias)

—8— CMAQV532_12US1_2015 (# Sites:

CMAQv532_12US1_2016 (# Sites:

CMAQV532_12US1_2016 (Bias)

—8— CMAQV532_12US1_2017 (# Sites:

—5- CMAQV532_12US1_2017 (Bias)

—8— CMAQV532_12US1_2018 (# Sites:

—=- CMAQV532_12US1_2018 (Bias)
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=5~ CMAQv532_12US1_2019 (Bias)
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AMET Plotly Multi -simulation Timeseries Plot
PM25 TOT 12US1 EQUATES (CMAQvV532)

—e— AQS_Daily
—8— CMAQV532_12US1_2002 (# Sites: 1717)

. 25 -5~ CMAQV532_12US1_2002 (Bias)

Tre n d S An aIVS IS —8— CMAQV532_12US1_2003 (# Sites: 1790)
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This Plotly multi-simulation timeseries plot takes 43 minutes to create. (compared time stamp on the
run_script.csh to the time stamp on the AQ_Timeseries_plotly.Rout)
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AMET Leaflet Spatial Plot of Model/Observation
Correlation for PM25 _TOT
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