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T
he U.S. Environmental Protection Agency 
(EPA) has released a new version of 
its Community Multi-scale Air Quality 
(CMAQ) modeling system, a powerful 

computational tool used by states and regions 
for air quality management. States use CMAQ 
to develop and assess actions needed to attain 
National Ambient Air Quality Standards (NAAQS). 
The National Weather Service uses CMAQ to pro-
duce daily U.S. forecasts for ozone air quality.

CMAQ has a “one-atmosphere” perspective, 
which incorporates three models into one sys-
tem: meteorological models that represent atmo-
spheric and weather activities; emissions models 
that represent man-made and naturally occur-
ring contributions to the atmosphere; and an air 
chemistry–transport model that predicts the atmo-
spheric fate of air pollutants under varying condi-
tions. The system simultaneously models multiple 
air pollutants, including ozone, particulate matter, 

and a variety of air toxics across different spatial 
scales. This enables regulators to better determine 
optimal air quality management scenarios at the 
community, state, and country level.

The newest version of the modeling system—
CMAQ 5.1—includes improved fi ne-resolution 
modeling abilities, expanded spatial scales, updated 
representations of physical and chemical atmo-
spheric processes, and enhanced land-use data.

EPA updates CMAQ every three years. “Science 
is always evolving, and we need to keep models 
up-to-date with the most current state-of-the-sci-
ence to assist the development of sound policies,” 
said EPA scientist Rohit Mathur, Ph.D.

Model Applications
CMAQ has been used for over 15 years and has 
thousands of users in more than 50 countries. 
The modeling system stands out from other air 
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EPA scientist Havala Pye uses CMAQ to show the organic aerosol 
concentrations coming from vegetation-derived compounds.

EPA’s Updated CMAQ 5.1 Modeling 
System Provides States with Powerful 
Tools for Air Quality Management

33_EM1215-EPA-Research.indd   33 11/23/15   9:28 AM

     Copyright 2015 Air & Waste Management Association



quality models because it incorporates input from 
a large, world-wide user community. To sup-
port the CMAQ user community, EPA and the 
University of North Carolina at Chapel Hill host 
the Community Modeling and Analysis System 
(CMAS) Center, which distributes CMAQ soft-
ware, hosts user e-mail exchanges, and provides 
new user training for CMAQ.

Users include scientists, researchers, and air qual-
ity modelers. “These users have helped assess and 
improve the model’s functionality,” said EPA scien-
tist Jon Pleim, Ph.D. “Their input has helped EPA 
scientists prioritize modeling research to improve 
CMAQ’s capabilities.”

CMAQ has also been used to analyze the air 
quality benefi ts of several major air pollution rules, 
including EPA’s new fuel and car standards that 
require the amount of sulfur in gasoline to be 
reduced by more than 60% starting January 1, 
2017. Under the new rule, motor vehicle particu-
late matter emissions are to be reduced by 70% 
and nitrogen oxides emissions by 80%.

In developing the rule, CMAQ was used to calcu-
late 8-hr ozone concentrations, daily and annual 
PM2.5 concentrations, annual nitrogen dioxide 
(NO2) concentrations, annual and seasonal (sum-
mer and winter) air toxics concentrations, visibility 
levels, and annual nitrogen and sulfur deposition 
total levels. These factors were calculated for 
the years 2018 and 2030, with and without the 
rule. CMAQ results were used in combination 
with other tools to determine that the new stan-
dards will help avoid up to 2,000 premature 
deaths per year and 50,000 cases of respiratory 
ailments in children.

By providing an updated tool for examining and 
developing more effi cient, accurate, and cost-ef-
fective ways to reduce air pollution, CMAQ 5.1 is 
a community modeling resource that is helping 
improve both human and ecosystem health.

New Features in 5.1
With CMAQ 5.1, users will experience enhanced 
fi ne-resolution modeling capabilities, allowing 
them to view air quality in smaller settings, such 

as metropolitan areas. By tracking pollution at a 
smaller scale, researchers and air quality manag-
ers can identify air pollution hot spots to inform 
remediation strategies for protecting public health.

Enhancements in CMAQ 5.1 also enable expan-
sion to spatial scales covering the Northern 
Hemisphere. Users can study the intercontinental 
movement of air pollution and how that movement 
affects air quality and how air quality interacts with 
climate change. Air quality modelers can use this 
feature for regional modeling applications and air 
quality managers can use it to assess local and 
national-scale air quality management programs.

CMAQ’s temporal fl exibility allows model simula-
tions to evaluate long-term (annual to multi-year) 
and short-term (weeks to months) pollutant clima-
tologies. CMAQ 5.1 provides detailed information 
about concentrations of air pollutants in a given 
area for any specifi ed air quality or climate sce-
nario and can model air quality at urban, regional, 
and hemispheric scales.

The physical and chemical atmospheric processes 
in CMAQ 5.1 have been updated to provide a 
realistic portrayal of atmospheric chemistry over a 
broader range of conditions, modulated by both 
man-made and natural emissions. The modeling 
system’s improved resolution for land use data 
shows changes in vegetation over time, which may 
contribute to a better understanding of biogenic 
emissions and their role in air quality.

CMAQ 5.1 also includes updates to the chemi-
cal mechanisms to improve nitrogen cycling and 
halogen chemistry. The aerosol module has been 
revised to include additional sources and mech-
anisms for formation of secondary organic aero-
sols. There are also improvements to biogenic 
and sea salt emissions, aerosol nucleation, gravi-
tation settling of coarse aerosols, and bidirectional
soil nitric oxide.

Several modifi cations have been made to improve 
computational effi ciency, including code restruc-
turing and optimization, improved input and out-
put, and faster solution technique for planetary 
boundary layer mixing. em

For more information: 

EPA’s CMAQ 
resource page: 
http://bit.ly/EPA-CMAQ

CMAS at UNC-Chapel Hill: 
www.cmascenter.org 
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