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Models Play a Critical Role in Linking 
Emissions to Aerosol and Trace Gas 
Distributions and Subsequent Effects

Modeled

Observed



Models are an Integral Part of Air Quality 
StudiesStudies

• Field experiment planning
• Provide 4-Dimensional context of the 

observations
• Facilitate the integration of the different 

measurement platforms measurement platforms 
• Evaluate processes (e.g., role of biomass 

burning  wet removal  heterogeneous burning, wet removal, heterogeneous 
chemistry….)

• Evaluate emission estimates (bottom-up as ( p
well as top-down)

• Scenario analysis/attribution studies
 l  f  d • Air quality forecasts and management



Regional and Global Perspectives of  Megacity 
Air Pollution

Urban Environments Involve Complex Interactions from 
Local to Global Scales

WMO GURME

Fig. 5.1 Annual mean plots of the sum of all of the (10 d) MPC tracers 
for the model surface layer density (10−12 kg/m3) and the column 

above 5km (10−9 kg/m2). From Lawrence et al., 2007.

Where problems and solutions occur first!



Impact of Aerosols on Mexico City 
Photochemistry MILAGRO PeriodPhotochemistry – MILAGRO Period

J-NO2

% Difference (without aerosol – with)/with
Mena et al., ACP, 2009



Mega City Detection – The Beijing Olympics Case 
Study 

Feb., 2009



Satellite Detection of 
Emissions (OMI)



OMI Satellite Analysis of NO2 And SO2 Columns Were 
Able To Detect The Emission Changes g

Figure from Witte 
et al., 2008.

Over what scales can we detect the signal?
To what extent can we attribute the signal to 

emissions s meteorolog ?emissions vs meteorology?



A Few Surprises SO2 Columns

Krotkov et al., NASA GODDARD



Source Attribution at Global (and All) Scales is 
Becoming More Important (We need better tools)
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Midwest

Ohio etc

A strong outflow event will 
appear from Saturday to Sunday

Mission Overview

NY-MA-MD

TX-NM

Ohio etcppe o S u d y o Su d y
July 1 to 25  Model CO 

TX NM
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California

Canada
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Regional Transport Is a Major Fraction of PM2.5 and Ozone

Eastern urban/rural fine particles
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Urban Increment Regional Contribution

12-month average PM2.5 mass from speciation samplers

Reference: 2002 EPA Trends Report http://www.epa.gov/air/airtrends/chem_spec_of_pm2.5_b.pdf



Estimates of S-R relationships for 
surface O3 pollution3 p

Source region: NA EU EA SA sum of 3 foreign regions

(20% of Emissions Approximates Megacity Contributions)



Through Better Models and Observations We Can Better 
Quantify The Long Reach Of Pollutant Transporty g p

Ono et al., 2009



Slide provided by Paula Davidson



Current CTMs Do Have 
Appreciable Skills In 

Intensive field experiments provide 
opportunities for comprehensive evaluations

DC8
C130 Predicting A Wide Variety Of 

Parameters                   
INTEX B – STEM ForecastsS o ecasts

DC8          C130



Observing Weather and Climate
FROM THE GROUND UPNAS -

2008 FROM THE GROUND UP
A Nationwide Network of Networks

2008

www.nap.edu/catalog.php?record_id=12540

What’s wrong with these pictures?What’s wrong with these pictures?

Soil Moisture Networks Soil Moisture Networks 

O3
PM2.5



Common Measurement Needs ThreadsCommon Measurement Needs Threads

X important gaps may exist;       so inadequate that no network can be said to exist.



Observations Priorities Stemming from 
Common ThreadsCommon Threads  

MOST NEEDED:
Height of the planetary boundary layer
Soil moisture and temperature profilesSoil moisture and temperature profiles
High resolution vertical profiles of humidity
Measurements of air quality and atmospheric composition above   
the surface layerthe surface layer

NEEDED:  
Direct and diffuse radiation
Vertical profiles of wind
Sub-surface temperature profiles (e.g., under pavement)
Icing near the surface
Vertical profiles of temperature
Surface turbulence parameters

19



Many Meteorological Services Already Supply 
Operational Chemical Weather Products (e.g., FMI)

Fi A i il i
Satellite

observations

Fire Assimilation
System

Final AQ products

Aerobiological
observations

Phenological
observations SILAM

AQ model EVALUATION:
NRT model-measurement 

Phenological
models

Final AQ products

Physiography,
forest mapping

observations
comparison

HIRLAM

Assimilation

Aerobiological
observations

Online AQ
monitoring

NWP model

UN ECE CLRTAP/EMEP
Meteorological
data: ECMWF

UN-ECE CLRTAP/EMEP
emission database Real-time data 

needs!



Growing Importance of Air Quality Modeling in 
Environmental Science & Management



Briefing on Expo 2010 Shanghai China
EXPO 2010 Shanghai China

WMO (GURME) Pilot Project MHWSBriefing on Expo 2010 Shanghai China( ) j

•• Theme: Theme: Better City, Better LifeBetter City, Better Life
P i dP i d M 1 O 31 2010•• Period: Period: May 1 to Oct. 31, 2010

Meteorology Pavilion                  
“Cloud drop”

China Pavilion
Cloud drop




