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East Asian Summer Monsoon Index
(Guo et al. 2003; IPCC AR4)

Long-term variation of E. Asian Summer monsoon

A trend toward increasing drought in N. 
China and excessive rainfall in central 
China along the Yangtze River valley

IPCC AR4

JJA Trend of Precipitation for 1958-2000  from station data



4Xu et al. 2006 JGR

Trend of summer temperature and precipitation

Rainfall

Temperature
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South Flood and North Drought

http://www.lbsdj.com/Article/Print.asp?ArticleID=2033
http://www.e763.com/Html/todayyd/2006-7/28/2006_07_28_01_2076.html
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South Flood and North Drought

http://www.soil.csdb.cn/classification/zcganhantu.htm
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Western Route Project

South-to-North Water Diversion Project

Middle Route Project Eastern Route Project

http://www.nsbd.gov.cn/zx/english/20070308/

Courtesy of SNWD website
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(http://www.nsbd.gov.cn/zx/english/20070308/)

http://www.radiohenan.com/Article/UploadFiles/200902/20090209152931385.jpg
http://hi.baidu.com/zhengchunyu2/album/item/24c4e3393ea0cbdfd462259d.html
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Why “South Flood – North Drought” ?
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-- Natural inter-decadal Variability : (Yu and Zhou 2004 GRL; Li et al. 2005, 2008 J 
Climate; Xin et al. 2006 J Climate)

-- Tropical Ocean forcing  (Zhou et al. 2008 J Climate; Li et al. 2008 Clm Dyn )

-- Snowfall change over the TP (Zhang et al. 2006 J Climate; Zhao et al. 2007 J 
Cimate)

-- TP plateau warming   (Wang et al. 2008 GRL)

-- Aerosol-monsoon interaction ? (Li et al. 2007 GRL; Li et al. 2008 Clm Dyn)

-- Global warming ? (Zhou and Yu 2006 J Climate; Kripalani et al. 2007 )

-- Internal variability (Lei et al. 2008, UK-China workshop on climate change)

-- ……

Why “South Flood – North Drought” ?
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The inter-decadal scale climate transition 
of E. Asian climate is notnot a regional 
phenomenon;  rather it has a much bigger 
picture and is a local manifestation of 
Northern Hemispheric climate transition 
occurred in the late 1970s .

The true story
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Point 1:

This interdecadal climate shift has 

occurred throughout the year. Not 

only in summer.

Defense: Two data analyses
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Springtime cooling downstream of the Tibetan Plateau

(Evidence-1)
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Annual mean stratus cloud based on ISCCP
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(Yu et al, 2007a,b GRL; Zhou et al. 2008a, J. Climate)

Diurnal cycle: rains in mid-night
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Diurnal cycle documented 1000-yrs ago in Chinese poem
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Sichuan, CHINA
Jiu-zhai-gou

Jiu-zhai-gou

Jiu-zhai-gou

Huang-long

http://www.jingtrip.com/dujia/guonei/xinan/sichuan/2007-09-09/110.html
http://www.jingtrip.com/dujia/guonei/xinan/sichuan/2007-09-09/110.html
http://www.jingtrip.com/dujia/guonei/xinan/sichuan/2007-09-09/110.html
http://taiwan.sc666.com/scenery/detail.asp?ItemID=61
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Sichuan

http://www.sucai.com/photo/show/1071/169707.htm
http://hiphotos.baidu.com/yunhuaaisong/pic/item/66a00a0146ae52db277fb595.jpg
http://hi.baidu.com/45678911zxn/album/item/3cbdab22d95a48b54623e8aa.html
http://hi.baidu.com/zqq2008lx/album/item/1398d223b7055249ac34de51.html
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Cooling downstream of the Plateau

Unit: ℃/ 50years

(Li  et al. 2005, J. Climate)

Trend of Mar SAT 
(1951-2000)

(1976-2000)-(1951-75) 
Total cloud
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Regional average Total cloud （red）and SAT（blue）

Li et al. 2005, J. Climate
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Correlation between Mar 
U500 and DJF NAO index

Vertical circulation changes in March 
(1975-1999 minus 1950-1974)

NAO Played Active Role in the Circulation Changes

The circulation changes encourage an increase of mid-level cloud.

The “CAP” (zonal wind) is closely related to the NAO.

Li et al. 2005, J. Climate

Plateau
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Transection of the March 
Geo-Height alone the line 
(ABCDE) through 
the 5-centers 
of NAULEA pattern

(Li et al. 2008, J. Climate)
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Late spring drought in South China

(Evidence-2)
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Changes of May rainfall (1975-1999 minus 1950-1974) 

Late Spring Drought in South China

Xin et al. 2006  J. Climate
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Inter-decadal Change of Temperature (shading), GP Height 
(contour) and Vertical Circulation

Xin et al. 2006 J. Climate

Along 110－125°E
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Correlation between JFM NAO and T500-200Pa

Early April Late April ～Middle May Late May

Xin et al. 2006 J. Climate
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Point 2

The weakening of EA summer monsoon, 

which is part of the interdecadal shift, 

has a pronounced 3-D structure. 

Defense: Two data analyses
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Changes of JA T300hPa (shading), U200hPa (contour) and Surface Wind

(1975-1999 minus 1950-1974)

South Flood and North Drought in summer

Yu et al. 2004 GRL
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Seasonality of Tropospheric Cooling over E. Asia

Time–height cross section of monthly mean air temperature (shading in units of ℃) and 
geopotential height (contours in units of geopotential decameter) changes  (1980–2001 
mean minus 1958–1979 mean) averaged in (30–45°N, 90–120°E) 

Yu and Zhou 2007 J. Climate

Spring drought SFND
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Changes of T(500-200hPa) and Rainfall
(1981-2000 minus 1958-1977)

Contour:   Temperature Change
Shading：Rainfall Change

Xin et al. 2006 J. Climate
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Impact of troposphere cooling on EA monsoon Climate

The troposphere  cooling-induced mass change 
enhances lower-troposphere pressure, resulting 
in an anomalous anticyclone beneath the upper 
troposphere cooling

To the east of the AC, anomalous northerly 
winds increased, signifying a weakening of the 
EASM.

Yu et al.(2004) GRL; Zhou and Yu (2005) JGR; Xin et al. (2006) J. Climate

Upper troposphere cooling

The pressure at the uppermost troposphere 
decrease

The pressure drop increases poleward 
pressure gradient force to the south of cooling 
region

Enhances the 200hPa subtropical jet through 
geostrophic balance, between the Coriolis force 
and pressure gradient force. 
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Point 3
The weakening of EASM is a local 

manifestation of global land monsoon 

change, which has s a decreasing tendency 

due to the warming of Tropical Ocean. 

Defense: Two data analysis + 5 sets of numerical Exps.



An overall weakening tendency of global land monsoon 
precipitation in the last 56 years (1948-2003)

(Wang and Ding, 2006,GRL)

The EOF1 of normalized 
annual range anomalies 
(upper) and the 
corresponding PC (lower).

(Zhou et al. 2008 GRL)

Trend of monsoon 
rainfall coverage,

intensity, and 
amount



The first EOF of normalized annual range anomalies (upper) and the 
corresponding principle component or ARI (lower).

cor=0.60

Zhou et al. 2008b  J. Climate

Rainfall 
Anomaly 
Pattern

Monsoon 
Rainfall 
index

Global land monsoon precipitation change simulated by CAM2
(Global SST-driven, 15 realizations)



36(Zhou et al.  2008b J Climate)

Monson-
related in OBS

Monsoon-related 
in model

SSTA congruent with the weakening trend of global land 
monsoon precipitation
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Observation

Simulation

Low skill of East Asian monsoon rainfall
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Reasons for the un-success:

1. Absence of air-sea coupling in 

AMIP-type simulation

2. Model bias in precipitation



39

Correlation of Simulated (AMIP MME) and observed 
rainfall anomalies

High skill in 
tropical region 

Nearly no skill in 
summertime Asian 
monsoon area.

Better in 
winter

Zhou et al. 2009a, J. Climate
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It is not a good idea to examine E. 

Asian monsoon precipitation 

change with AMIP-type simulation.

A better way is to focus on 

monsoon circulation

(3 evidences)



41Evidence-1: Zhou et al. (2008) Clm. Dyn. 

Monsoon circulation indices  in CLIVAR C20C models

(Global SST forcing)
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NCEP/NCAR

GFDL AM2.1 GOGA

NCAR CAM3 GOGA

E. Asian Summer monsoon circulation index

Evdence-2: Li et al.  2008 Clm Dyn

NCAR CAM3 TOGA

5 realizations

10 realizations
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Correlations of SSTA with EASM circulation index

CAM3 GOGA

Observation

(Li et al.  2008 Clm Dyn)
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(105°-122°E average T and latitude –height cross-section)

1977-2000 
minus1950-1976
NCEP/NCAR

1977-2000 
minus1950-1976
AM2.1 GOGA

CAM3 GOGA CAM3 TOGA

Land-Sea thermal contrast change

+ -

+

+

+- -

-

(Li et al.  2008 Clm Dyn)
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Evidence-3: Western Pacific Subtropical High change

MeiyuMeiyu FrontFront

Subtropical High

Courtesy of Huang (2007)



46Contour lines for 5870 gpm of 500 hPa geo-potential height for each summer

1980-99

1958-79

NCEP/NCAR ERA40

Westward Extension of WPSH

It’s due to the forcing of Indo-Western Pacific warming
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SST trend in Observation（ ºC/50y）

Warming + Cooling Exps.  

40 yrs Integration,  last 30yrs used in the analyses.

(Zhou et al. 2009b  J. Climate)
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WPSH in IWP warming, cooling and control runs

Zhou et al. 2009b  J. Climate
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The mechanisms

Zhou et al. 2009b  J. Climate

Negative heating in central equatorial Pacific 
due to Walker circulation change

Sverdrup vorticity balance associated with 
condensational heating over the warmer SST
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Does global warming work in 

monsoon weakening ?

WCRP 20C3M Modeling
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Summer SAT trend (1950-1999) in 20C3M of IPCC AR4

Zhou and Yu, 2006 J. Climate
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Summary
1. Against the warming trend elsewhere, the downstream of TP has a cooling 

trend in spring. The positive phase of NAO contributes to the cooling trend by 
either changing the westerly jet or a NAULEA tele-connection pattern.

2. The spring drought of S. China is partly dominated by tropospheric cooling 
which is significantly related to the NAO+. 

3. The upper troposphere cooling is one factor responsible for the weakending
of summer monsoon.

4. The topical Ocean warming is one mechanism for the weakening tendency of 
global land monsoon rainfall and E. Asian Monsoon Circulation.

5. The westward extension of WPSH is partly driven by the warming of Indo-
Pacific Ocean. 

6. The CMIP3 models show no evidences signifying the dominance of GHG on 
the weakening of EASM (further detection analysis to confirm this?).
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Spring Climate:

1. Li J., R. Yu, T. Zhou, 2008, Teleconnection between NAO and climate downstream of the Tibetan 
Plateau, J. Climate, 21, 4680-4690

2. Xin X., R. Yu, T. Zhou, and B. Wang, 2006, Drought in Late Spring of South China in Recent Decades, 
J. Climate, 19(13), 3197-3206.

3. Li J., R. Yu, T. Zhou, et al. 2005, Why is there an early Spring cooling shift downstream of the Tibetan 
Plateau, J. Climate, 18 (22), 4660–4668

4. Yu R., T. Zhou, 2004, Impacts of winter-NAO on March cooling trends over subtropical Eurasia 
continent in the recent half century, Geophys. Res. Lett., , 31, L12204, doi:10.1029/2004GL019814.

Summer Monsoon:

1. Zhou, T., L. Zhang, and H. Li, 2008: Changes in global land monsoon area and total rainfall 
accumulation over the last half century, Geophys. Res. Lett., 35, L16707, doi:10.1029/2008GL034881

2. Yu R., and T. Zhou, 2007, Seasonality and three-dimensional structure of the interdecadal change in 
East Asian monsoon, J. Climate, 20, 5344-5355.

3. Zhou, T. and R Yu (2005), Atmospheric water vapor transport associated with typical anomalous 
summer rainfall patterns in China, J. Geophys. Res., 110, D08104, doi:10.1029/2004JD005413

4. Yu R., B. Wang, and T. Zhou, 2004, Tropospheric cooling and summer monsoon weakening trend over 
East Asia, Geophys. Res. Lett., 31,L22212, doi:10.1029 /2004GL021270

5. Yu R., B. Wang and T. Zhou，2004, Climate effects of the deep continental stratus clouds Generated 
by Tibetan Plateau, J. Climate, 17,2702-2713

Some further reading for details of our work
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Model Attributions:
1. Zhou T., R. Yu, J. Zhang, H. Drange et al. 2009a, Why the Western Pacific Subtropical High has 

extended westward since the late 1970s, J. Climate, In Press
2. Zhou, T., B. Wu, and B. Wang, 2009b: How well do Atmospheric General Circulation Models capture 

the leading modes of the interannual variability of Asian-Australian Monsoon? J. Climate, In Press
3. Zhou T., Yu R., Li H., et al. 2008a, Ocean forcing to changes in global monsoon precipitation over the 

recent half century, J. Climate, 21, (15), 3833–3852
4. Zhou, T., Bo Wu, A. A. Scaife, S. Bronnimann, et al., 2008, The CLIVAR C20C Project: Which 

components of the Asian-Australian Monsoon circulation variations are forced and reproducible? 
Climate Dynamics, DOI 10.1007/s00382-008-0501-8

5. Li,H., A. Dai, T. Zhou, J. Li, 2008, Responses of East Asian summer monsoon to historical SST and 
atmospheric forcing during 1950-2000, Climate Dynamics, DOI 10.1007/s00382-008-0482-7

6. Wu, B., and T. Zhou (2008), Oceanic origin of the interannual and interdecadal variability of the 
summertime western Pacific subtropical high, Geophys. Res. Lett., 35, L13701, doi:10.1029/ 
2008GL034584.

7. Li, L., B. Wang, and T. Zhou (2007), Contributions of natural and anthropogenic forcings to the summer 
cooling over eastern China: An AGCM study, Geophys. Res. Lett., 34, L18807, 
doi:10.1029/2007GL030541.

8. Zhou T. and R. Yu, 2006, Twentieth Century Surface Air Temperature over China and the Globel
Simulated by Coupled Climate Models, J. Climate, 19(22), 5843-5858.

http://web.lasg.ac.cn/staff/ztj/index_e.htm

Some further reading for details of our work



http://web.lasg.ac.cn/staff/ztj/index_e.htm

Understanding climate change by climate modeling

THANK YOU !



56

Negative heat source 
in Central Pacific 

Zhou et al. 2008b  J. Climate, in revision
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Vertical velocity

0-20°N average

Rainfall

Meridional wind

Multi-model ensemble

p
fv
∂
∂

≈
ωβ

Zhou et al. 2008b  J. Climate, in revision
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Sverdrup vorticity balance: Poleward anomalous flow

p
fv
∂
∂

≈
ωβ

Where v is meridional wind, omega is the vertical velocity, f is the Coriolis
parameter, and  beta is its meridional gradient (Rodwell and Hoskins, 2001). 

Strong poleward flow at 
the low level should be 
seen over the region with 
maximum ascent. 

The Sverdrup balance can also be expressed in other forms to emphasize 
the importance of the vertical distribution of heating (Wu et al. 1999).
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Time–latitude cross sections of 100–120°E monthly mean zonal wind 
changes at 200 hPa (1980–2001 mean minus 1958–1979 mean; 
units: m s-1). Heavy dots indicate the climatological locations of the 
jet axis for different months.

Changes of East Asian Westerly Jet

Climate mean position

U200 anomaly

Yu and Zhou 2007 J. Climate

Spring drought SFND
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Linear trend of March temperature 
(1951-2000)
zonally averaged between 100-120ºE

Surface T over EPTP
(27-32ºN,103-108ºE)

300-hPa T over
(37-43ºN,93-120ºE)

(Li et al. 2008, J. Climate)
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Vertical profiles of temperature 
change (1980–2001 mean minus 
1958–1979 mean) for four stations, 
including Huhehaote (40.82°N, 
111.68°E), Beijing (39.80°N, 
116.47°E), Yinchuan (38.48°N, 
106.22°E), and Taiyuan (37.78°N, 
112.55°E). 

April

June

August

HadAT has similar cooling

The cooling in Re-analysis 
data is real in nature.

Observed Evidences- A Whole Picture:  Seasonality and 3-D Structure 
of Interdecadal Change in the E. Asian Climate

After Yu and Zhou (2007)
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CAM3 T42 RADATM

CAM3 T42 GOGAI-GOGA

CAM3 T85 GOGAI-GOGA

Aerosol Forcing ?

E. Asian Summer monsoon index

AM2.1 GOGAI-GOGA

(Li et al.  2008 Clm Dyn; consistent with Li et al. 2007 GRL)

The prescribed 
aerosol forcing 
is the same as 
20C3M.
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1. Zhou T. , H.-H. Hsu, and J. Matsumoto, 2009: East Asian,   
Indochina and Western North Pacific Summer Monsoon, WMO 
Report of the International Committee of the 4th International 
Workshop on Monsoons (IWM-IV), in press 

2. Zhou T., D. Gong and J. Li, 2009:East Asian Summer Monsoon: 
Past, present, and future, Meteorologische Zeitschrift
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One Example: arguments on the role of aerosol

(Li et al., 2004)(Li et al., 2004)

Aerosol optical thickness of 2002 Menon et al. 2002



65

LASG is

• a research center of atmospheric 
sciences and geophysical fluid 
dynamics

• a talent training base for 
atmospheric scientists and 
oceanographers
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LASG is supported by

Institute of Atmospheric Physics (IAP) 
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67

Weather & Climate 
Predictions

Geophysical 
Fluid Dynamics

Model Development 
& Modeling

Weather & Climate 
Dynamics

Research Fields of LASG
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105°-122°E average T and latitude –height cross-section

1950-1976 mean 
NCEP/NCAR

1950-1976 mean
AM2.1 GOGA

1977-2000 
minus1950-1976
NCEP/NCAR

1977-2000 
minus1950-1976
AM2.1 GOGA

CAM3 GOGA CAM3 TOGA

(Li et al.  2008 Clm Dyn)
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