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MICSMICS--AsiaAsia < Model InterComparison Study in Asia >

Evaluation of model performance to make an 
international common understanding and improve air pollution 
modeling in East Asia

Main goalMain goal

Nine different regional models

Observations: 

•EANET (47 sites) (gas, aerosol, 
deposition)

•Ozonesondes

•Trace-P Obs. 

•Special obs. (aerosols)

•Met obs (sondes and surface)

•(daily & monthly analysis)

• Special Section of Atmospheric 
Environment (8 papers)

Completed MICS I & II



MICS-Asia: Next Steps
• Continue our MICS collaborations for 

Phase 2.x  -- exciting papers ….
• Contribute to HTAP – strengthen 

connection to the global and policy 
receptive elements --

• Transition to MICS-III, to tackle important 
regional issues (megacities and 
connections to climate) and continue to 
build collaboration base. 



MICS HTAP – activities for 
2008  

Tasks: Evaluate the effects of 
resolution & BCs on regional ozone 
and PM predictions. 

-Further analyze ozone and PM 
concentration metrics for GCTM and 
RCTM calculations.

-Calculate export fluxes (across 
altitude & longitudes) for GCTM and 
RCTM calculations.

-Utilizing current MICS results and 
new simulations using subset of 
HTAP results, analyze domestic 
response simulations for grid 
resolution effects. 
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CO (ppb) at MT. Bachelor during the INTEX-B Campaign
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Figure 13.  Comparison of the STEM model prediction versus observed trace gaseous at Mt. Bachelor, OR.
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Recent NASA Experiments Enhances Observations to Test Models
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ARCTAS 
Experiment 

April-July 2008



S/R to Arctic April 2008



U Iowa Regional 
Modeling and S/R  

Analysis for 
California 



BC emissions

BC atmos warming

Atmospheric Brown Clouds (ABCs) and 
Megacities -- An Estimated 3 Billion 

Persons Live Under ABCs – Implications 
for urban environments and beyond

Figure Source: V. Ramanathan, and G. Carmichael, Nature Geoscience, 2008 

BeijingNew Delhi

ABC dimming

Presenter
Presentation Notes
Discuss background of ABC project



To understand characters and trends of interactions between the To understand characters and trends of interactions between the two effects two effects 
and provide relative products which show the integrated impacts and provide relative products which show the integrated impacts from the from the 
two effects to the public are the new frontiers for urban met setwo effects to the public are the new frontiers for urban met service.rvice.



Assimilation of MODIS AOD to Produce 
Constrained Fields for Climate Calculations

Chul et al., JGR, 2005

How to optimally adjust individual 
aerosol quantities given AOD (sulfate, 
BC, OC, dust, sea salt)? 

- AOD by itself not unique

- Fine mode fraction helps

- SSA gives info to adjust abs vs scat.

W - Assimilation

w/o - “

Technique: Collins, W. D., et al. (2001),, JGR, 106, 7313-7336

Adhikary et al., 2007,2008

Kanpur



5-yr Mean Aerosol Mass

Fig 2



Observed and Predicted PM at the Maldives ABC Site
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Kanpur 
AOD Results

M odel (550nm ) versus Aeronet (500nm ) Aerosol O ptica l Depth at KANPUR
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Presenter
Presentation Notes
Shown here is comparison of AOD. There is no AOD data over Kathmandu, the closest site is Kanpur. Kanpur site is in the Ganges valley and is at the source region. The model does a good job in capturing the magnitude and seasonality.  However the model under predicts the AOD at the early dry months.  The use of the model is that once the AOD calculations are validated, it can then be used to study the contribution of different species. 



Comparison with 
EANET and ABC 

sites



Seasonal Analysis of 5-yr Mean AOD 

(PMF)



Figure Source: V. Ramanathan, and G. Carmichael, Nature Geos. 2008

BC is ~55% of 
CO2 and has a 
much shorter 
lifetime

Regional climate, 
hydrologic, 
agriculture, and 
health impacts of 
ABCs in Asia are 
summarized in a 
series of UNEP-
ABC reports Nov. 
2008.  

ABCs Mask ~  50% of Warming

Presenter
Presentation Notes
There are several reasons for the lower estimates. Many ignore the internally mixed state of BC with other aerosols. Such mixing
enhances forcing by a factor of two (ref. 39). Field observations have consistently shown that BC is well mixed with sulphates,
organics and others16,44. Another factor contributing to lower BC forcing in GCMs is that observed BC concentrations peak
at about 2 km above the surface7,14,44 whereas, in most models they are concentrated close to the surface45. BC at elevated
levels enhances solar absorption significantly because it can absorb the solar radiation reflected by the highly reflective low
clouds38,40,46. Furthermore, GCMs with lower positive forcing, in general, ignore biomass burning, which is about 40% of
the total BC emission. Column integrated aerosol absorption has been retrieved from a worldwide surface network of solar spectral radiometers, referred to as AERONET47. The retrieved aerosol absorption11,48 is a factor of two or more larger than the GCM simulated values41,49. The exceptions to the low forcing bias of GCMs are the models that constrain aerosol solar absorption with AERONET values50 and models that account for the mixing state of BC with other aerosols and include BC from biomass burning39,40. The BC forcings estimated by these models are in the range of 0.6 to 0.8 W m–2 (refs 39,40) and 0.8 to 1.2 W m–2 (refs 41,50).



Future Changes in PM2.5
Under IPCC Scenarios the 

BC to Sulfate Ratios 
Decrease …BUT



Integrated Global Atmospheric Chemistry Observations WMO GAW/IGACO

EXPO 2010

Better City, Better Life

WMO has confirmed officially its participation.

The WMO/CMA pavilion is planned to have three 
components:

- Multi-hazard early warning demonstration

- Integrated global observing system

- Classroom setup (workshops etc)

Other agreed activities:

Second World Conference on Broadcast Meteorology

Plan for GURME demonstration in the Pavilion!



Source/Receptor Calculations: Per
Source-oriented 
approach - Direct 
sensitivity analysis.  

Receptor/target-oriented 
approach - Adjoint sensitivity 

analysis. 

Adjoint 
analysis, ozone 
violation wrt to 
emission



Henze et al., 2008

Adjoint Analysis at Global Scale Gives Important estimates of Contributions



Scales: Mega-cities, City clusters:
Japan (Tokyo and Osaka Metropolitan areas)

Increase of ozone conc. despite of NOx and VOC reduction, 
China (Beijing, Pearl River Delta: Hundred-Million Yen Project, Shanghai- 

EXPO2010)
Thailand (VOCs emission is controlled by Environmental Standard and then 

photochemical ozone)
Scales: Regional and global
Source/Receptor analysis at regional scales
Increase of annual average concentration of ozone

Decline of crops and forests (AOT40) 
Global warming

Passive sampler campaign (Workshop and observation in EANET sites)

Collaborating with
EANET, HTAP, WMO GAW Urban Research Meteorology and 
Environment (GURME) Programme, IGAC and others

MICS-Asia Phase Ⅲ (Modeling and Emission Inventories)
”Multi-scale model (Global, regional,  urban)”

Draft Plan

Collaborations welcomed and needed !!





Over what scales can we quantify the impact of 
megacities?                                    

What can we learn from the Beijing Olympics? 
(Tsinghua Univ, Argonne, Iowa, NASA Goddard)

Aug1-24 Avg

Making forecasts of the Beijing  
Control Zone.

2 forecasts @ regional and 
hemispheric scales: Normal 
emissions + Estimated impact of 
controls; BC and BC/S decrease

Combine inventory analysis, 
satellite, models to estimate 
emissions.

Presenter
Presentation Notes
Base Case: June 1-30 
No special control measures 
Stage 1: July 1-19 
30% of "governmental owned vehicles" stop running in Beijing; 
all "high emitters" were banned in Beijing. 
Stage 2: July 20 to now 
reduce industrial production in Beijing; 
stop construction activities in Beijing; 
control VOC emissions from painting, gas stations, etc; 
70% of "governmental owned vehicles" stop running in Beijing; 
all "high emit" cars and trucks were banned in Beijing; 
50% of private owned cars stop running on the same day in Beijing. 
Stage 3: August 6 to now (plus control measures in neighbor provinces) 
reduce industrial production in Beijing; 
stop construction activities in Beijing; 
control VOC emissions from painting, gas stations, etc; 
70% of "governmental owned vehicles" stop running in Beijing; 
all "high emit" cars and trucks were banned in Beijing; 
50% of private owned cars stop running on the same day in Beijing and Tianjin; 
reduce iron, steel, and cement productions in Beijing surrounding provinces. 




Cheju ABC Plume-Asian 
Monsoon Experiment (CAPMEX) 

–NSF/KOSEF

Beijing Plume Influence at Cheju



32

Reducing the Impacts of ABCs               
Co-benefits

1) Improved Air 
Quality/Health;

2) Slow 
Himalayan- 
Tibetan glacier 
retreat

3) Monsoon 
disturbances

Reduced Climate 
Change

Alter the balance 
between absorbing and 
scattering aerosol

Win/Win Strategy
+ Decrease PM2.5

+ Decrease BC faster than Sulfate  
aerosol



BC Focused Controls Have Significant 
Health (and Climate) Benefits and 

Opportunities

Figure Source: Adhikary et al., JGR, 2008 

BC Column Amounts

Bond et al., ERL, 2007

Biofuels are a significant source in many regions



With strategies in Asia recognizing the climate and AQ 
importance of BC,  the non-BC to BC ratio would likely 

decrease in the future, more quickly in East Asia, 
amplifying the effectiveness of BC reductions.

(Not stacked)

Ohara, et al., ACP, 2007; Bond et al., GBGC, 2007; Stern, Chemosph., 2005; Streets et al., JGR, 2004

?



Figure 2





Preliminary Analysis of NO2 and 
SO2 Columns. 

Over what scales can we detect 
the signal?; to what extent can we 

attribute the signal?

5



Central Asia is a Region of Growing Interest – 
A New ABC Site is being Established. 

Collaborators Welcomed!

Trajectories of long range transport at height 
3500 m over sea level



CO (ppb) at MT. Bachelor during the INTEX-B Campaign
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Figure 13.  Comparison of the STEM model prediction versus observed trace gaseous at Mt. Bachelor, OR.

Recent NASA Experiments Enhances Observations to Test Models

CO O3

PANCO and Dust at 
Surface MBT (calc)
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