
Models are an Integral Part of ABC Studies
• 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



GAW Urban Research Meteorology and Environment
GURME j tGURME project

T. Oke

Ho large are their footprints?How large are their footprints?



Air pollution in city clustersAir pollution in city clusters

• High levels of primary and secondary 
airborne pollutants lead to the 
d l t f “ i ll tidevelopment of an “air pollution 
complex”;
U i i l d li ti• Unique in scale and complication; 

• Constraint factor to social – economic 
d l tdevelopment；

• Air quality improvement: regional 
di ti f j i t i l t ticoordination for joint implementation.



Mega-City “Footprints” Can Be Large
Percentage Contribution to Total Sulfur Deposition due to SO2 

Emissions from Megacities in Asia, (1975-2000)
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Regional Transport Is a Major Fraction of PM2.5 and Ozone 
in Urban Centers and is Key to Devising Control Strategies

urban/rural fine particles

in Urban Centers and is Key to Devising Control Strategies
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Impacts of Urban Heat Islands on 
Meteorological Conditionsg

Urban heat islands reduce the strength of nocturnal land-
breeze (return flow from land to sea), so air pollutants tend to 
accumulate over land. 
Lo, Lau, Chen, Fung, 2006 (J. Appli. Meteor. And Climate)



Urbanization Also Impacts Atmospheric Physics 
Whi h I t Ai Q lit– Which Impacts Air Quality

USGS MODIS

20041993

I fl f b i i
Urban heat islands reduce the 
strength of nocturnal land-breeze 
(return flow from land to sea), so air 

ll t t t d t l t

• Influences of urban expansion on increase 
temperature and decrease wind speed, PBL 
depth increase more in the day time than 
that in the night time.

• Areas with main O concentrations increasepollutants tend to accumulate over 
land. 

Lo, Lau, Chen, Fung, 2006 (J. Appli. 
Meteor. And Climate)

• Areas with main O3 concentrations increase 
(from 2 to 6 ppb), coincident with the areas 
of increased temperature and decreased 
wind speed, PBL depth also plays an 
important role in the daytime vertical )
transport

Wang X.M. et al. (2007, Tellus -B)



Future Climate Change on O3g 3

Findings
• Future climate change has 

significant  influence on O3 in the 
PRD

• Temperature decrease up to -1.0 C 
(3%)

• Downward solar radiation 
increase up to 12%

• Decreased water vapor mixingDecreased water vapor mixing 
ratio up to 10%

• Less frequent rainfall (0-6 days 
per month)
St ti t i t 2• Stagnation events increase up to 2 
days per month

• Unvented hours increase up to 2 
hours per day

• Mean ozone concentration 
increase up to 6 ppbv, about 
20% in the future.



TUV TOP

Aerosols Are a Key Component in Urban Environments  --
Impacting Chemistry and Physics
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IntroductionIntroduction
• Experimental Setupp p
• Model performance 

and improvements.
• Regional Effect on 

Ozone Production 
RegimesRegimes.

• Effect of aerosol 
loading in ozone oad g o o e
formation.

• Conclusions

Photo Credit: Frank Flocke.



The high-resolution simulation yield different results not only due 
to the improved resolution of emissions, but also due to the 
terrain/land se and ind fieldterrain/landuse and wind field.
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Modeled and observed indicator 
iratios. All data :3.8 (mod) and 3.2 (obs).

City Loop:  3.5 (mod) and 2 (obs)
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MC Influence: March 11, VOC limited conditions.,
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No MC influence: March 12, NOx limited 
diticonditions.
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Impact of Aerosols on Mexico City 
Photochemistry Milagro PeriodPhotochemistry – Milagro Period

J-NO2 O3

% Difference (without aerosol – with)/with



Due to the Complexity and Uncertainties in Calculating the Sources, 
Formation, Transport and Removal of Aerosols in the Atmosphere, a 

Closer Integration of Observations and Models is NeededCloser Integration of Observations and Models is Needed
As informed by field experiments & 
models (e.g., Trace-P, Ace Asia, 
INTEX, ICARTT, ABC)

Bates et al., ACPD, 2005



Air Quality Modeling: Improving Predictions of Air Quality  
(analysis and forecasting perspectives)( y g p p )

Predicted Quantity: e.g., ozone AQ 
violation 

Met model

Chemical, Aerosol, 
Removal modules CTMCTM

Constrained Fields

Emissions Observations

Constrained Fields 
Through 
Assimilation





5-yr Mean Aerosol Mass

Fig 2
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PM10 Observations and Predictions (ABC and EANET Sites)



5-yr Mean AOD and PM Levels



Kanpur
AOD Results

M odel (550nm ) versus Aeronet (500nm ) Aerosol O ptica l Depth at KANPUR
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5-yr Mean Seasonal Variation of PM 2.5



PMF Analysis of Model Results



Models are an Integral Part of ABC Studies
• 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




