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Abstract We provide a conceptual view of the process of evaluating regional-
scale three-dimensional numerical photochemical air quality modeling systems,
based on an examination of existing approaches to the evaluation of such systems
as they are currently used in a variety of applications. A framework for model
evaluation is introduced to provide a context for the evaluation process. The ob-
jectives of the model evaluation process include: determining the suitability of a
modeling system for a specific application; distinguishing between the perform-
ance of different models through confidence-testing of model results; and guiding
further model development. The evaluation framework includes methods for op-
erational, diagnostic, dynamic, and probabilistic model evaluation. Also dis-
cussed is a new effort, the Air Quality Model Evaluation International Initiative
{AQMEII), in which some of the new ideas in model evaluation are applied to air
quality modeling systems being used in North American and Europe, to assess the
utility of the techniques and to compare and contrast model evaluation results
among different models on both sides of the Atlantic Ocean. An AQMEIl Work-
shop was conducted in April 2009 in Stresa, Italy to discuss model evaluation
concepts and establish collaborative model application and evaluation projects.

1. Introduction

Regional-scale three-dimensional numerical photochemical air quality simula-
tion models (AQM:s) are being used for air quality management decisions and for
short-term forecasting of air quality in many nations around the globe. To build
confidence in the model estimates, a model must be critically evaluated to assess
whether it is properly simulating the spatial and temporal features on the scales re-
solved by the model. The evaluation also assesses whether the physical and
chemical processes are simulated correctly in the model, leading to proper model
response to changes in meteorology and emissions, the principal classes of input
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data required by AQMs. To this end, a renewed examination is needed to estab-
lish the best methods for assessing the performance of regional-scale AQMs. Mo-
tivated by discussions at a model evaluation Workshop in 2007, sponsored by U.S.
EPA and the American Meteorological Society (AMS), a new framework for re-
gional-scale air quality model evaluation is introduced.

2. Model Evaluation Framework
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Fig. 1. The framework components of air quality model evaluation.

As shown in Figure 1, the framework consists of four components for regional-
scale air quality model evaluation. Operational Evaluation characterizes how
well model predictions compare to observations for specific time periods and con-
ditions. Key questions to consider as part of operational evaluation include:
1) what statistical metrics and graphical depictions are most useful in assessing air
quality model performance? and 2) how can point measurements and volume-
averaged model predictions be reconciled in terms of spatial and temporal scales?
In Diagnostic Evaluation, we determine how the performance of the model could
be improved through complementary process-based analysis of modeled and
measured values. Specific model processes or data are evaluated with the goal of
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attribution of model errors. Figure 2 is an example of a diagnostic study that used
inverse modeling of ammonia (NH;) to update the emissions inventory used in the

Community Multiscale Air Quality (CMAQ) model to improve model predictions
of aerosol nitrate, NOj5 (Gilliland et al., 2003).

— CASTNET | — CASTNET

w B w0 0 e CMAQ (Base) §{ === CMAQ (Adjusted)
£
o 6 5]
= [
— | +47
o
d 2 2

0- 0-

Fig. 2. CMAQ model ambient PM, s nitrate estimates and CASTNET observations before
(left) and after (right) top-down estimates of NH; emissions.

Dynamic Evaluation characterizes how well the model captures observed
changes in air quality induced by changes in emissions and/or meteorology. Some
of the challenges involved in dynamic evaluation include distinguishing between
meteorological and emissions signals in the model results and determining the
relevant space/time scales on which to conduct these evaluations. Assessing the
emissions signal is particularly challenging, as anthropogenic source emissions
tend to change slowly over time (years), except for weekday/weekend activity dif-
ferences, and emissions controls implemented over a short period of time. Prob-
abilistic Evaluation transforms deterministic model predictions into probabilistic
form, helping to build confidence in the use of air quality models in policy setting.
This approach, for example, may characterize the probability of success of an
emissions control option in meeting a given air quality objective. One key issue is
determining the role of ensemble modeling in probabilistic model use and evalua-
tion (Pinder et al., 2009).

3. Air Quality Model Evaluation International Initiative
(AQMEID)

Inspired by the emergence of the model evaluation framework and the discus-
sions held at the August 2007 EPA/AMS Workshop, the Air Quality Model
Evaluation International Initiative (AQMEII) is now proposed. To start this new
collaborative project, a2 Workshop was held during 27-29 April 2009 in Stresa, It-
aly, hosted by the European Commission’s Joint Research Centre and attended by
50 scientists from North America and Europe. Workshop discussions covered the
types of model evaluations contained in the framework and were motivated by key
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questions (see Figure 3). The goals of the Workshop included exchanging expert
knowledge in regional air quality modeling, identifying knowledge gaps in the
science, establishing model evaluation methods to increase knowledge about rele-
vant processes and support the use of models for policy development, and initiat-
ing a coordinated research project on model evaluation/intercomparison. A major
outcome from the Workshop was the plan for a near-term North Ameri-
can/European air quality model intercomparison using modeling platforms from
both continents, and including aspects of all four types of model evaluations con-
tained in the framework including the demonstration of new methods of evalua-
tion. In addition to this activity, a plan is being developed to establish a long-term
vision for maintaining international collaboration in model evaluation and rapidly
advancing the science in air quality models. Detailed information on AQMEII
and its initiative is available at the website: http://agmeii.jrc.ec.curopa.eu.
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When evaluating AQ models, how do we determine, represent and present
uncertainty?

How best should we deal with uncertainty in model input and observations when
evaluating AQ models?
What kind of evaluation exercise would you perform in this context that has not
yet been performed? Suggestions for new evaluation activities?
What evaluation results will show that a model is not applicable to a case? Can
we opt for falsification rather than validation criteria?

How can we determine whether an AQ model is appropriate for the context in
which it is to be applied?

Fig. 3. AQMEII Workshop sessions and facilitators and major questions for discussion.

Disclaimer: Although this paper has been reviewed by EPA and approved for
publication, it does not necessarily reflect EPA’s policies or views.
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Discussion

Question: Is AQMEII solely focused on regional air quality models?

Response: Initially yes, the focus will be on regional-scale models. Eventually
the program may broaden to multi-scale modeling, including regional-to-urban
and global-to-regional scale model domains.

Question: Is the participation in AQMEII closed?

Response: No, the participation in AQMEII is not closed. In fact, we are encour-
aging members of the air quality modeling and monitoring communities to par-
ticipate in AQMEIL

Question: Is the IPCC framework for model intercomparison and representation
of uncertainty one that our community should do more to emulate?

Response: The IPCC has done an excellent job regarding global climate model
evaluation and intercomparison. We need to adapt some of the global modeling
community’s evaluation techniques to our regional air quality models.
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