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Outline

- Considerations in model development
- Determining research priorities
- Model performance evaluation

 Air Quality Model Evaluation International
Initiative (AQMEII)
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Air Quality Model
System Development

- From a research perspective (i.e. state of science)

« With awareness of model application needs for air
guality management

« For a broad model user community

— Air quality managers and forecasters
— Public and private sectors

— Research/academic modelers

— International modeling community

- Office of Research and Development
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Requirements

- Use of AQ modeling systems for development and
Implementation of AQ policies and regulations

— Quality assurance / Quality control

- Life-cycle evaluation
« Transparency
— Open, well-documented code
 Accessibility
— Relatively easy to obtain and use
- Computational efficiency
—Model runs in acceptable time window

- Office of Research and Development
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MODELS IN ENVIRONMENTAL
RecuLATORY DECISION MAKING

Guidance on the Development,
Evaluation, and Application of
Environmental Models

N/ /4
o, Ly

fefef el fulo
ALV ETITET

OFEIoE

5
S
5
%)
%

¢
X
O
X
B

¢
o
0
W

NATIONAL RESEARCH COUNCIL
OF THE NATIONAL ACADEMIES

| United States Office of Environmental EPA/240/R-02/007
I Environmental Protection Information December 2002
Agency Washington, DC 20460

$EPA Guidance for Quality

Assurance Project Plans
for Modeling
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— Training and user support

— Analysis tools
- Visualization
« Model evaluation
- Model diagnostics

Office of Research and Development
National Exposure Research Laboratory
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SEPA  Determining Research
Priorities

Agency

— Correct errors/biases or reduce uncertainties based on results
of model evaluations, in processes/parameters of significance
to decision makers

— Model/process improvements that maintain the modeling
platform at the state-of-science, based on peer reviewer’s
comments

— Advances the science through external collaborations in model
development/evaluation

— Provides significant computational efficiencies in model utility
for broad community of users

— Can complete tasks in a timely and within resource constraints

- Office of Research and Development
National Exposure Research Laboratory
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Basis of Model

* Users guides, systems guides, operations manuals

Operational Guidance for the Community Multiscale
Air Quality (CMAQ) Modeling System Version 5.0
(September 2011 release)

Introduction

Overview of the science in the CMAQ modeling system
CMAQ System Requirements and Installation
Required Libraries

CMAQ Programs and Libraries

CMAQ Files

Defining grids, layers, domains, and chemistry
Developing new CMAQ simulations

Code management and development

10 Analysis tools for CMAQ

11.CMAQ support

- Office of Research and Development
National Exposure Research Laboratory
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Periodic Peer Review

« CMAQ Model Peer Review Committee
— 5-6 member panel

— Periodic reviews of CMAQ modeling
research, model development, application,
and evaluation

— Review panel reports issued:
- March 2010 (Division Peer Review)
« February 2007
- July 2005
- July 2004

- Office of Research and Development
National Exposure Research Laboratory
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Model Application and Evaluation ===

- Model evaluation is a confidence-building
exercise for developers and users

« Recent Workshops on regional air quality
model evaluation

— Sept. 2007 — EPA/AMS Workshop on Regional-
Scale Air Quality Modeling System

— April 2009 — AQMEII Workshop on Air Quality
Model Evaluation

— March 2010 — Model evaluation framework paper
publication

- Office of Research and Development
National Exposure Research Laboratory
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A framework for evaluating regional-scale numerical
photochemical modeling systems
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Abstract This paper discusses the need for critically evaluating regional-scale
(~200-2,000 km) three-dimensional numerical photochemical air quality modeling systems
to establish a model’s credibility in simulating the spatio-temporal features embedded in the
observations. Because of limitations of currently used approaches for evaluating regional air
quality models, a framework for model evaluation is introduced here for determining the suit-
ability of a modeling system for a given application, distinguishing the performance between
different models through confidence-testing of model results, guiding model development,
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CMAQ Model Evaluation Framework

CMAQ-predicted
concentration and deposition

the right answers? | How do the model predicted concentrations

Operational Evaluation
Are we getting

Model Inputs: meteorology and emissions
Chemical transformation: gas, aerosol,
and aqueous phases

Transport: advection and diffusion
Removal: dry and wet depaosition

A

compare to observed concentration data?

Are there large temporal or spatial prediction
errors or biases?

Can we identify
improvements
for model
processes or

Dynamic Evaluation

Can the model capture changes related to
meteorological events or variations?

Can the model capture changes related to
emission reductions?

Can we capture
observed air
quality changes?

Are we getting the right
answers for the right (or
wrong) reasons?

inputs?

.

Probabilistic Evaluation

Diagnostic Evaluation

Are model errors or biases caused by
model inputs or by modeled processes?

Can we identify the specific modeled
process(es) responsible?

How should uncertainty in model
inputs and options be quantified?

\ 4

What is the best way to propagate > Appl ications

What is our :
uncertainty through the model?

confidence in the

S
2eis [eise et 1 What are the best ways to

communicate the confidence in
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Air Quality Model Evaluation
International Initiative (AQMEII)

« Objectives:

—Coordinate air quality modeling research efforts
being undertaken in North America (NA) and the
European Union (EU):

- Exchange expert knowledge in regional AQ modeling

- Identify knowledge gaps in AQ science

- Develop methodologies to evaluate uncertainty in AQ
modeling

 Build common strategy on model development and common
research priorities

- Office of Research and Development
National Exposure Research Laboratory, Atmospheric Modeling and Analysis Division
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AQMEII (cont.)

- Establish model evaluation methods to:
—Increase knowledge about physical/chemical processes
—Support the use of models for policy development

« Initiate coordinated research projects and perform model
Inter-comparisons

Upcoming publication: S.T. Rao, S. Galmarini, and K. Puckett: Air Quality
Model Evaluation International Initiative (AQMEII): Advancing state-of-
science in regional photochemical modeling and its applications. Bulletin
of American Meteorological Society, January 2011

- Office of Research and Development
National Exposure Research Laboratory, Atmospheric Modeling and Analysis Division



Concluding Remarks

- User application needs provide directions for
model development

* QA/QC and lifecycle evaluation are key to
creating scientifically-credible modeling tools
— Documentation
— Peer review
— Model evaluation framework

- Community outreach (training, workshops, etc)
« Community collaborations

Office of Research and Development
National Exposure Research Laboratory, Atmospheric Modeling and Analysis Division



