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Long-term variation of E. Asian Summer monsoon

East Asian Summer Monsoon Index
(Guo et al. 2003; IPCC AR4)
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JJA Trend of Precipitation for 1958-2000 from station data




Trend of summer temperature and precipitation i
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Figure B, {a) Trend {°C/decade) of summer (114} daily maximum air tennperature indicating the cooling
in sputh-central China (mid Yellow River Basin to the mid-lower Yangtze River Basin) from 1969 to
2000 and {b) trend of summer precipitation {mm'decade) showing the increasing minfall in the same area
The main bmanches of Yellow River {north) and Yangtze River (zouth) are sketched on both panels.
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http://www.lbsdj.com/Article/Print.asp?ArticleID=2033
http://www.e763.com/Html/todayyd/2006-7/28/2006_07_28_01_2076.html



http://www.soil.csdb.cn/classification/zcganhantu.htm

South-to-North Water Diversion Project
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Western Route 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.radiohenan.com/Article/UploadFiles/200902/20090209152931385.jpg
http://hi.baidu.com/zhengchunyu2/album/item/24c4e3393ea0cbdfd462259d.html

Why “South Flood — North Drought” ?




Why “South Flood — North Drought” ? @

-- 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)
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The true story

The inter-decadal scale climate transition
of E. Asian climate Is not 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 .
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Point 1:

This interdecadal climate shift has
occurred throughout the year. Not

only iIn summer.

Defense: Two data analyses
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Diurnal cycle: rains in mid-night
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Diurnal cycle documented 1000-yrs ago in Chinese poem
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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



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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Li et al. 2005, J. Climate



500

001"

6001 [
|

7004

800!

9001

1000
S0k

60E

JOE B0E 90E

\ X - o FTTITIT T T
'I'I.\-H-w‘/f \\ { 1"-. ,'Illllllll ||||II||I-III
\\/z\\ H‘* W i l“ H
AN /\‘\ 1'}\ 15'-, AR\ /I ||| | ‘ | |
' / /f\\x"‘n W, \/ﬁ\ \'":\h/’\,/ Il || U\ {
| / ,-'“fl.-'a . /'\\ \,H:.IIIII'-.II'--,I-.h .-',r";:"l,ll". _ - [l 1!I I| II | |1[||| I
o " ""-:&II"I' |||I | IJ!

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

Correlation between Mar
U500 and DJF NAO index

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
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Transection of the March

Geo-Height alone the line
(ABCDE) through

the 5-centers
of NAULEA pattern
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Inter-decadal Change of Temperature (shading), GP Height
(contour) and Vertical Circulation
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Correlation between JFM NAO and T:y5500p4
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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



South Flood and North Drought in summer
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Seasonality of Tropospheric Cooling over E. Asia
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Time-height cross section of monthly mean air temperature (shading in units of ‘C) 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 30



Changes of T(500-200hPa) and Rainfall
(1981-2000 minus 1958-1977)
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Impact of troposphere cooling on EA monsoon 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.

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

20°N

®To the east of the AC, anomalous northerly

/
. . . winds increased, signifying a weakening of the
00E  [0E I0°F EASM.

Yu et al.(2004) GRL; Zhou and Yu (2005) JGR; Xin et al. (2006) J. Climate 32
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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.
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An overall weakening tendency of global land monsoon
precipitation in the last 56 years (1948-2003)

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

(Wang and Ding, 2006,GRL)
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= Global land monsoon precipitation change simulated by CAM2

(Global SST-driven, 15 realizations)

(b)First EOF of simulated annual range (20.9%)
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Monson-
related in OBS

Monsoon-related
in model

monsoon precipitation

(b) trends in JJA SST(relative to obs. pc1)

SSTA congruent with the weakening trend of global land
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Low skill of East Asian monsoon rainfall
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Reasons for the un-success:

1. Absence of air-sea coupling Iin

AMIP-type simulation

2. Model bias In precipitation

38



Correlation of Simulated (AMIP MME) and observed
rainfall anomalies

® High skill in
tropical region

308

308

®Nearly no skill in
summertime Asian
monsoon area.

® Better in
winter
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Zhou et al. 2009a, J. Climate 39
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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)

40



Monsoon circulation indices in CLIVAR C20C models
(Global SST forcing)
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Correlations of SSTA with EASM circulation index

(a) Observed SST NCEP/NCAR EASMI
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Courtesy of Huang (2007) 45
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® \Warming + Cooling Exps.

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

(Zhou et al. 2009b J. Climate) 47



WPSH in IWP warming, cooling and control runs
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The mechanisms

® Negative heating in central equatorial Pacific
due to Walker circulation change

® Sverdrup vorticity balance associated with
condensational heating over the warmer SST

Zhou et al. 2009b J. Climate
49



Does global warming work in

monsoon weakening ?

WCRP 20C3M Modeling



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

. 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.

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

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

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

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

. 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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Understanding climate change by climate modeling
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Negative heat source
In Central Pacific
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Sverdrup vorticity balance: Poleward anomalous flow

@ Q) Strong poleward flow at
N~ T — the low level should be
Gp seen over the region with

maximum ascent.

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).

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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Changes of East Asian Westerly Jet
60N

lCIimate mean position

U200 anomaly

GN I 1 1 1 I I 1 I )
JAN FEB MAR APRY MAY JUN JUL AQG SEP OCT NOV DEC

Spring drought SFND

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.

Yu and Zhou 2007 J. Climate o9



Linear trend of March temperature
(1951-2000)

zonally averaged between 100-120°E

(Li et al. 2008, J. Climate)
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Observed Evidences- A Whole Picture: Seasonality and 3-D Structure
of Interdecadal Change in the E. Asian Climate

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).

<. - B _.AYnchuan - -. . ---- ...
E— & Huhshaote

®HadAT has similar cooling

® The cooling in Re-analysis
data is real in nature.
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Aerosol Forcing ?

E. Asian Summer monsoon index
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(Li et al. 2008 CIm Dyn; consistent with Li et al. 2007 GRL)
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Monthly Averaged AQD on S50nm for winter

02

(Li et al., 2004)
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Climate Effects of Black Carbon
Aerosols in China and India

Sursbi Menon,"#* James Hansen,’ Larissa Nazarenks,
Yunfeng Luc®

In recant decades, there has boen a tendency toward increased summar floods
nosth China, and) !

One Example: arguments on the role of aerosol

Fig | with serosol smgle-scatter albedo
[S8A] = 0.85 1/8), whicl 15 sepresentative of
measurements from the [ndin Ocean Exper-
iment (INDOEX) (17) and industrial regions
m Chma. We obtamed such relamvely =dark™
aerosols by including an appropriabe smomt
of BC, with the remainder being aulfste. In
experanenl B, we remaved BC so hat S8A =
1; e, the aerosols were “white,” In both A
und B, the sea surface temperahme (S5T),

in seuth China, d drought in:

China
and India while most af the world has been wanming, We used a global dimate

model to igate possible asrosol

to these trends. We found

precipitation and temperature dhanges in the model that were comparable to
those observed if the aerosols included a large proportion of absorbing tlack
ameounts

earbon (“seot”), similar to cheerved

aerowcls eat the air,

alter regional atmospharic stability and vertical motions, and affect the large-
scale droulation and hydrologic cyde with significant regional dirmate effects.

China bas been experiencing an increased
severily of dust forms, commionly sttributed
o IDg, CVrgT a
of fovests (1), Plomes of dust from porh
Chena, with adhered joaie conlamamants, are
ase for poblic bealth concern . China,
Japan, and Korea, and gome of the serosols
wwven reach the United States (), Recent dust
events have promplod Chinese officlals to
consider spending Several hunidred bllion
yuan (<512 ballion) in he mext decade to
merease foresds and green bells ko combat the
Aust storms (F). Snch measres may be ben-
wficul many case. However, we suggest
Ihe observed trend toward increased summer
foods i gouth Clina and drought i noth
Chana (4), thought 10 be (he largest change o
peecipEation irends since 950 AD, [4), muy
lave'am altemative explination: himan-made
ahsorbing aerosols o remore populous indms-
trial veghoms (hat aller M pegional simosphe -
e cireulation = ¢outribate 1o regionul eli-
mute change. I our mserpretsison w comest.
vedicing the et of apihmopogeni: black
warhon aerosols, in addslaon to having humsm
Isealih bemefits, may lselp dimmesh e mien-
sty of floods in fhe south anid droughts ad
duwst somis i the novth. Smmilir consider-
ations may apply 0 Inda and nesghbonng
reghons snch as Afphanistan. which have ex-
peneniced recent droaghts

Atmospheric assosmls, which are fins par-
ticles sumended I the air, comprise & mix-
towe of mamly sulfates, nitrates, carbonsceous
organkc and hiack carbon) particles, sea salt,
and mineral dud Black (elemental) carbon
(B0 18 of special meress becanse u shaorbs
amlight, beats e dir, and coniribues fo

HASA Goddard Warhute for Space Smudies New
Yoel, MY 10025, USA, “Conder for Climate Sysiems
Besearch, Colorbla UnbmrsRy, Mew York, MY 30025,
58, “Matiorad Scence Feardation of Crana, Haidian,
Cina,
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global warming (5, &), wnlike mos acrosols,
which reflect sunlight to space and have a
giehal coolmg effect (7). BC emassions, a
prodnet of incomplete combusiion from coul,
digsel enigmes, biofck, and oaldoor bicmass
bomang (5], are partcularly brge i Chana
anc] India heomse of kow-temperature honse-
hald barmang of biofiels and coal {9).

I & sewsorable b anbcipate that benar
e aerosals mey contrihuse in climate change
i Chitg and Indea. becansse bosh absorbang BC

" aosal il
reduce e amomd of subight weaching the
ound and thes shonld jasd 10 cmse kol
cooding, Chserved temperatures in China and
ks i vecent decades, mbke most of e
workd, teveal hatle wansmng 1 /0% and i soipe
measots there B8 cooling, especially m the s
mer when agnens] effects should be kg, The
clamate effec of semsls =5 complacated, be
canse persols (e, i addifion % Seir direct
eadmitrve offects, mutirect effects on ehoud prop-
erties {7, 11

Here we repurt on climate mocde! sinmla-
toms of the deec! radistsve offect of acrosols
i the region of Clim and India. Wie used the
Goddlarid Institate for Space Studbes ((H55)
312000 12-layer chmate model. which has
been wed lo sudy the mmpacl of several
forcings on global mean lemperste (1.2)

' gases, and ofher forcmgs wene
ket fixxed uf the game vahaes as in the control
nm, 5o that the serosols were the only fore-
g, Both expesmments were run for 120 years.

Fugime' 2A shows the simndsted somme
[ Jime, Tuly, and Augne {UA)] surface ar
temperature (T,) changes. The acrosols with
HEA = 085 pield cooling i Clina by 0.5 o
1 K (o comsequence of lhe reciseed solar
radiation reaching he susface) but wasming
0 et of the world [deie 10 BC heating of the
moposphere | 19]]. Becanse of the long mode]
Tum, the cooling i China uml even the warmn-
mg m many ditant locatons are highly sig-
nificant (=99%), based on Student’s 1 bedt
(fig. S2). The simulated vooling in China is
Barger than the observed cooling there durng
e past 50 years (Fip. 2B, when most of lhe
mcrense i derosol amous probably oo
cumred. This s a3 expected, becanse fhe smn-
ulations exclide the effect of moreasmg
jroenhiouse. gascs (M)

The B absocptiots 1 China and Indis caos-
ex @ axgnificant wanming {~0.5 K) inthe Sahan
Decirt region and] i wissd and central Canada,
despite (e fixed SST. Because serosols were
imchanged outsice (he Chitalndis regaon, this
wanming al & distince ey ke be due o beil-
mg of roposphenc ar over Chima and India,
witl dynanical export to the vest of B workl,
wehiene the wanmer Toposphens can reduee con-
veerive and mdmtive cooling of (he surface
Congistent wilh cbeervitions. (/0, 2/), this
Wy does ol cocur over the south censral
Unibed States, whiere the observed oooling trend
s fhought 10 be dwen by warming in the
tmopical Peaifie Ocean (M, 12)

Firgume | shows the 1y e
added asrosol eptical depth A7, (0,55 pm)
1ssed 0 our climate model experiments (43).
Crver Chuma, we take v, (0.55 wm) 1o ba
equal 1o, (075 ) avessued i the 19905
(14, 15) Over lufia and 1he Indun Ooean
Ar_, in onr expenmenzs is wlen from chem-
il fransport model assimilatices of satellite
méasurements (/8% The resulling radmtive
forcings a1 the wop of the anncsphere and
wnface (Mg S1) are 46 Wm ™ and -7 W
m~, respectively, over lndis and the Indin
Dleean, which 1 comparable jo vales esh-
maled by others (7).

We performed two primary expermments
In expenment. A, we added the aenosols of
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Fig. 1. Incremental asrosol opticel depth A<,
[8.55 ), which is W'd:i: d:;- the dimats
change simulations, Latitude and langiude ane
denoted.
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105° -122° E average T and latitude —height cross-section
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