
Fast	adjustments of	the	Asian	summer	
monsoon	to	anthropogenic	aerosols
Xiaoqiong (Sage) Li, Mingfang Ting, Dong Eun Lee
Lamont‐Doherty Earth Observatory 
Columbia University

8/2/2017 1

22nd Annual CESMWorkshop
Jun. 19 – 22, 2017

Boulder, CO

xqli@ldeo.columbia.edu
http://www.ldeo.columbia.edu/~xqli/

Li et al. 2017: Fast adjustments of the Asian summer monsoon 
to anthropogenic aerosols, in prep.



Aerosol effects on climate
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Monsoon rainfall (June‐August) response inCMIP5
CGCMsvs. fast adjustments in fixed‐SSTAGCMs
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Total response
• Couple model simulations (CGCMs)
• CMIP5 historical aerosol‐only
• 5 commonmodels
• (1981‐2005) minus (1861‐1885)

Fast response
• AGCMs with climatological SST/sea ice
• Control (“sstclim”): preindustrial aerosols
• Forced (“sstclimAerosol”): year 2000 aerosols
• 5 commonmodels
• Forced – Control

AGCMs (fast)CGCMs (total)

precip precip



Themoisture
budget response
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• Total response
involves both
thermodynamic and
dynamic contributions

• Fast response
dominated by the
dynamic component

AGCMs (fast)CGCMs (total)

Mean moisture
convergence

Thermodynamic

Dynamic



Verticalmotion responseand the role of themeridional
temperature gradient
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AGCMs (fast)CGCMs (total)

w500 w500

SAT SAT

Total response: overall sinking
• Anomalous sinking over the convective region
• Anomalous rising south of Equator

Fast response: meridional dipole structure
• Anomalous sinking over land north of 20N
• Anomalous rising over ocean 0‐20N



CAM5 (slow)diff

Local overturning circulation response (60E‐140Eaverage
verticalmotion)

CAM5 prescribed‐
SST experiment
• Preindustrial
aerosols

• Control:	observed	
climatological	SST

• Forced: Add SST
anomaly derived
from CMIP5
historical aerosol‐
only simulations

8/2/2017 6

AGCMs (fast)CGCMs (total)



Summary: fast vs. slowmonsoon response to
anthropogenic aerosols
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ADDITIONAL SLIDES
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Total coupled response in5CMIP5CGCMsvs. fast
adjustments in fixed‐SSTAGCMs

8/2/2017 9

CMIP5 historical aerosol‐only simulations
• (1981‐2005) minus (1861‐1885)

AGCMs with climatological SST/sea ice
• “sstclim”: preindustrial aerosols
• “sstclimAerosol”: year 2000 aerosols

AGCMs (fast)CGCMs (total)

AODAOD

precip precip



13CGCMs (43 runs), 11AGCMs
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Model simulations
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Moisture	budget	analysis
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Atmospheric moisture budget:

Separate the change of the total mean moisture convergence 
into thermodynamic and dynamic components:

Mean moisture 
convergence

Transient 
eddies

Precipitation
minus

Evaporation

Dynamic
component

Thermodynamic
component

Mean moisture
convergence

fixed changing changing fixed

Trenberth and Guillemot, 1995; Seager and Henderson, 2013



Summary

• Total response
• Overall reduced	rainfall	and circulation

• Fast	response	
• Reduced	rainfall	over	land	(eastern	China,	northern	India)	and	increased	
rainfall	over	the	adjacent	ocean

• Anomalous atmospheric overturning circulation

• Slow	response	
• Uniform cooling + meridional gradient
• Further	work	using	idealized AGCM	experiments
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