
Impact of Preindustrial to Present-day Changes in 

Urbanization and Pollutant Emissions on the East 

Asian Summer Monsoon (EASM)

Jie Song, Northern Illinois University, DeKalb, IL, USA

Hongyun Ma, and Zhihong Jiang, Nanjing University of 
Information Science and Technology, Nanjing, China  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=IuQedZbFy0pgHM&tbnid=k6PzM0V87WTJiM:&ved=0CAUQjRw&url=http://itesmregionalscenarioseastasia.wordpress.com/&ei=2tTyUtnTDcGbygGt-IBw&psig=AFQjCNEiN-2oBSgHZJQaEUCLIch5m2l7lg&ust=1391732265767145
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=IuQedZbFy0pgHM&tbnid=k6PzM0V87WTJiM:&ved=0CAUQjRw&url=http://itesmregionalscenarioseastasia.wordpress.com/&ei=2tTyUtnTDcGbygGt-IBw&psig=AFQjCNEiN-2oBSgHZJQaEUCLIch5m2l7lg&ust=1391732265767145


Outline

1. Observed changes in the EASM;  

2. Hypothesis of possible impact by human activities;

3. Sensitivity experiment with numerical model: 

(0) control run 

(a) urban land cover 

(b) pollution emission 

(c) urban land cover and pollution emission;

4. Result analysis;

5. Summary and conclusion



 Monsoons are a response of 

the coupled atmosphere-

ocean-land system to annual 

variation of solar forcing
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(a) (b)

(c) (d)(c)



 Mean onset date of the Asian summer monsoon 

1



Strong EASM (+): wetter north, drier south

1994

EASM indices from Dr. Jianping Li

East Asian Summer Monsoon is weakening

Weak EASM (-): drier north, wetter south
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Xu et al. (2006). JGR

Yellow River

1969-2000 JJA



Observed wind declining trend of about 0.2 m/s per decade 

by  Xu et al. (2006), JGR  



Fraction of Urban land use

Hypothesis:  Anthropogenic Impact I:

“The great migration” to the Eastern China 

caused the large-scale land cover change



(Koch et. al. 2011. J. Climate)

Hypothesis:  Anthropogenic Impact II:

East Asia is a global hotspot for BC as well as sulfate emission. Air pollutants in 

eastern China influence solar radiation directly by scattering and absorption, and 

indirectly by “brightening” clouds and extending cloud life. 
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 Community Atmosphere Model (CAM5.1)

 Community Land Model + Urban (CLMU)

 Simulation period: 1988-2007    

 Results analysis period:1993-2007

(0) Control run 

(1) urban land cover 

(2) pollution emission 

(3) urban land cover and pollution;

Sensitivity Experiment with Numerical Modeling



Aerosols’ direct and indirect effect
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Land model coupled with urban model 
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Original (CTL)

Percentage of urban fraction distribution

Modified (NOURBAN)

20o-50oN

100o-125oE

Experiment with urban land cover 



Experiment with anthropogenic emission:
e.g. Black carbon emission (1010 molecules cm-2 s-1)

Original (CTL) Modified (NOAERO)



 Evaluation of Sensitivity Experiment

(1) CTL-NOURBAN: urban land cover effect

(2) CTL-NOAERO: aerosol emission effect

(3) CTL-NOUA: urban and aerosols effect

Model Result Evaluation









Wind field diff.

200 mb

(1) CTL-NOURBAN: urban land cover effect

Wind field diff.

850 mb



C
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900hPa 500hPa 200hPa

Wind Field Difference

(2) CTL-NOAERO: aerosol emission effect



Diff. in Precipitation GPCP  Precipitation Trend

(2) CTL-NOAERO: aerosol emission effect



Total Precip Convective Large-scale

North（32.5-45N，110-120E） -0.40 -0.30 -0.10

South（20-32.5N，110-120E） 0.62 0.31 0.31

Eastern（20-45N，110-120E） 0.09 -0.01 0.10

Diff. in regional mean precipitation（mm/day）

Wetter South, Drier North

√

√

√

√

Convective Large-scale



850hPa wind diff. 

(CTL-NOUA)

(3) CTL-NOUA: Eastern China urban + aerosols effect



(a) (b)

850hPa

Observed Wind Variation (1993-2007) – (1982-1992)





5. Summary and Conclusion

 CAM5.1 could simulate well the EASM circulation, surface 

temperature and rainfall pattern;

 Urban land use change in eastern China led to changes in the 

EASM circulation, weaken the southerly monsoon wind; 

dynamic and thermal adjustment enhance each other, resulting 

in wetter south/drier north rainfall pattern; 



 Anthropogenic aerosols (dominated by sulfate aerosols in the 

summer) caused cooling throughout the atmosphere in the 

EASM region, leading to the increase in sea level pressure over 

land, decrease in pressure gradient between ocean and land. The 

thermal effect caused weakening in the EASM circulation; 

 The combined effect of changed urban land cover and aerosols 

to the EASM show that cooling occurred in the EASM region, 

abnormal northeast wind component weakened the monsoon 

wind, rainfall pattern was wetter south but drier north.   


