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ABSTRACT

The sensitivity of the East Asian summer monsoon to soil tagsanomalies over China was investigated based on
ensembles of seasonal simulations (March—Septemben N CEP GCM coupled with the Simplified Simple Biosphere
Model (NCEP GCM/SSIB). After a control experiment with freenning soil moisture, two ensembles were performed in
which the soil moisture over the vast region from the lowet amiddle reaches of the Yangtze River valley to North China
(YRNC) was double and half that in the control, with the maximless than the field capacity. The simulation results
showed significant sensitivity of the East Asian summer raongo wet soil in YRNC. The wetter soil was associated with
increased surface latent heat flux and reduced surfacebtehgat flux. In turn, these changes resulted in a wetter and
colder local land surface and reduced land-sea temperatadéents, corresponding to a weakened East Asian monsoon
circulation in an anomalous anticyclone over southeastdrima, and a strengthened East Asian trough southward over
Northeast China. Consequently, less precipitation ajgoeaver southeastern China and North China and more rainfall
over Northeast China. The weakened monsoon circulationstretigthened East Asian trough was accompanied by the
convergence of abnormal northerly and southerly flow ovenlingtze River valley, resulting in more rainfall in thigi@an.

In the drier soil experiments, less precipitation appearest YRNC. The East Asian monsoon circulation seems to show
little sensitivity to dry soil anomalies in NCEP GCM/SSIB.
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1. Introduction of the influence of soil moisture on the atmosphere should

: Ir?ad to improved forecasts of soil moisture itself, as wsll a
As an important component of surface hydrology, sol ' S
oetper fields such as precipitation, temperature, and egapor

moisture plays a major role in the surface energy budgﬂon (e.g., Yang et al., 1994: Zampieri et al., 2009: Li ef al
and thus strongly influences the atmosphere over a rang 5) A " ' v ' ’

temporal and spatial scales (e.g., Dickinson and Henderson The region of eastern China is well known for soil mois-

Sellers, 1988; Mahfouf, 1991; Dirmeyer and Shukla, 199§dre anomalies having a significant influence on atmospheric
Ma et al., 2000; Douville, 2002; Thiaw and Mo, 2005; Kanag g 9 P

et al., 2006). The nature of soil moisture—precipitaticeck Circulation and precipitation (Koster et al., 2004; Kim and

. L i N Hong, 2007). For instance, our group’s previous studies,
back _S‘how.s _reg|onal Va”"_"t'ons (_Yeh etal, 1984’ Schat,gt $ased on observation analysis (Zuo and Zhang, 2007; Zhang
1999; Collini et al., 2008; Alfieri et al., 2008; Wu and Kin- .

and Zuo, 2011), reported that the East Asian summer mon-

ter 11, 2009; Vivoni et al., 2009; Dirmeyer, 2011; Hirschi . . : o ; .
. ; : .. ._soon and rainfall in China show a significant correlatiorhwit
et al., 2011). The impact of soil moisture on precipitation

over continental interiors is generally simole: the watisted springtime soil moisture over the vast region from the lower
9 y simple. and middle reaches of the Yangtze River valley to North

to Fhe land surface du_rlng.a preC|p|tat|_on gvent CoMmespontyina (YRNC). Weaker East Asian summer monsoon cir-
to increased evaporation, in turn resulting in further fiin oM . . - . )
culation is associated with greater springtime soil moéstu

However, for_reg|0ns N Wh'.Ch preC|p|tat_|on 'S deter_mlngd bover YRNC, resulting in above-normal rainfall in Northeast
monsoonal circulation, the impact of soil moisture is campl

cated due to the contrasting effects of soil moisture caorit Ch'.”a and the Yan_gtze River vaIIey,. and be_low normal rain
. . ‘ . fall in southern China and North China. Using the U.S. Cli-
on monsoonal circulation via changes in surface temperatur . . . .
. ; mate Prediction Center soil moisture dataset, Zhan and Lin

and the supply of water vapor to the overlying air colum

(Meehl, 1994; Douville et al., 2001). A greater understagdi &011) r_eported that the_ spring wet soil anomalies over th(_e

East Asian monsoon region correspond to a cold tropospheric

atmosphere in May, and thereby conducive to a weaker East
* Corresponding author: Zhiyan ZUO Asian monsoon, consistent with the conclusion of Zuo and
Email: zyzuo@cams.cma.gov.cn Zhang (2007) and Zhang and Zuo (2011). However, based

© Institute of Atmospheric Physics/Chinese Academy of Sciences, and Science Press and Springer-Verlag Berlin Heidelberg 2016



152 SOIL MOISTURE AND EAST ASIAN SUMMER MONSOON VOLUME 33

on data from the 40-yr European Centre for Medium-Rangeocesses such as water interception loss, direct evapora-
Weather Forecasts Reanalysis, Meng et al. (2014) argued tian from bare soil, and canopy transpiration. The stordge o
the significant relationship between spring soil moisturd a canopy-intercepted water is based on water conservation. |
summer rainfall, as suggested by Zuo and Zhang (2007) ahd three soil layers, water movement is described by afinite
Zhang and Zuo (2011), might be the consequence of the catifference approximation to the diffusion equations

bination of soil moisture—precipitation interactions gore-

S ) 06, 1
cipitation autocorrelation. The lack of consensus may be i D—(P+ Q12— Egs— b1Eqc) ,
the consequence of the different datasets used; over easter 96 11
China, observational soil moisture data exhibit largerdige 772 _ — (—Q12+ Q23— byEy() ,
ancies with reanalysis data (Zuo and Zhang, 2009; Liu et ot D2
al., 2014). Therefore, it is necessary to further document % _ i _ — Os—bsE

. . ) o) (—Q23— Q3 — bsEqc) ,

the relationship between spring soil moisture over eastern ot Ds

China and the East Asian summer monsoon system using Were 0, 6,, 65, D1, D, and D3 are the volumetric soil wa-
merical models. Previous modeling studies have reporteg¢ed content and soil thickness of the top (0—10 cm from the
significant relationship between initial spring soil mai® ground surface), middle (0—44 cm), and deep (10-200 cm)
anomalies and Asian summer monsoon circulation over Egsil layers, respectivelyEqc is the transpiration rateEgs
Asia (e.g., You et al., 2000; Kim and Hong, 2007), but these evaporation from bare soilp; (i = 1,2,3) is the frac-
studies used idealized soil moisture sensitively expertsie tion factor, which depends on the root distribution; and
Thus, further investigation with more realistic soil moist (j = 1,2 3) is the transfer of water between thh and jth
anomalies is required. The ultimate aim of the present stuglyers. SSiB provided momentum flux, sensible and latent
was to verify the observational analyses of Zuo and Zhahgat flux, radiative skin temperature, and visible and near-
(2007) and Zhang and Zuo (2011) with numerical model rénfrared albedo for both direct and diffuse radiation to the
sults. Specifically, the influence of spring soil moistureiov GCM.
eastern China on the East Asian summer monsoon system,Given that the present study focuses on seasonal vari-
and summer precipitation, was investigated using a numegiions, all atmospheric simulations were forced with pre-
cal model with realistic soil moisture anomalies. scribed climatological monthly mean SST, sea ice, and snow
Since the National Center for Environmental Predictioflepth. The soil moisture conditions were controlled in YRNC
(NCEP) GCM coupled with the Simplified Simple Biospherg3’—4(°N, 105-120E) based on the observational analy-
Model (SSiB) improves the simulation of the structure angls of Zuo and Zhang (2007) and Zhang and Zuo (2011). We
characteristics of the Asian summer monsoon system (Xs&t a 2 intermediate zone around the controlled domain, in
et al., 2004), it was used in the present study to verify thghich the soil moisture constraint gradually diminished to
observed significant relationship between spring soil moigero, to ensure a smooth transition between the controlled
ture and summer rainfall over eastern China, and further ipil moisture area and other free-running soil moisture ar-
vestigate the relevant physical processes. The remairideegs (Fig. 1). In the climatology, the initial soil moisture i
this paper is organized as follows: NCEP GCM and the SSiBe top and deep soil layers over YRNC in CTRL gradually
land surface scheme are briefly described in section 2, algngreased from south to north, with a minimum of less than
with the design of the seasonal climate simulations. Sectig.15 around Shandong Province and a maximum larger than
3 discusses the main features of the climate in the contmB around the Yangtze River valley (Fig. 2). Generally, the

(CTRL) experiment, and section 4 analyzes the sensiti¥ity §oil moisture in the deep soil layer was slightly greatentha
the monsoon circulation and rainfall to soil moisture anema

lies. Section 5 further discusses the plausible cause$iéor t >"
different responses of the East Asian summer monsoon to aby |
normally wet or dry soil, and the impact of SST anomalies on
soil moisture—precipitation feedback. Finally, a summafry N7
the results and the main conclusions are provided in sectiosn
6.

35N A

30N

2. Data and methods 25\

The NCEP GCM, with 28 levels and T62 horizontal res-___ |
olution (Kalnay et al., 1990; Kanamitsu et al., 1991), was v
used for a range of model runs. The SSiB biosphere modet\: oo oF TOE TE 130E TiE . 140E
(Xue et al., 1991, 1996, 2004; Hansen et al., 2000) is a sim-
plified version of the Simple Biosphere Model (SiB) (Seller Fig. 1. Geographical domain in which soil moisture was con-
et al., 1986), and was coupled with NCEP GCM in this trolled. The control was gradually diminished from the inne
study. In describing the surface water balance, SSiB iredud boundary to the outer boundary of the domain.
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(a) SM in the top soil layer: CTRL (b) SM in the deep soil layer: CTRL
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Fig. 2. Spatial distribution of soil moisture in the (a) top soil éayand (b) deep soil layer, in CTRL.

that in the top soil layer. tures of the climate before investigating the climate resgo

Because the focus of this study was the summer monsotmthe soil moisture anomalies. Since NCEP GCM/SSIB uses
all simulations ran from mid-March to the end of September62 truncation, the validation focused on whether the main
Each experiment comprised an ensemble of six seven-mofgatures of the East Asian summer monsoon were reasonably
integration members, using the same boundary conditians Hepicted. Figure 3 shows the climatological JJA horizontal
different initial conditions, to delete the noise derivedm winds at 200 hPa and 850 hPa from CTRL and NCEP reanal-
the internal atmospheric variability. The initial conditis ysis. As can be seen, NCEP GCM/SSIB performs reasonably
of 11, 13, 15, 17, 19 and 21 March 1990, derived from theell in simulating the upper-tropospheric atmosphericuir
NCEP/NCAR (National Center for Atmospheric Researchdtion (Figs. 3a and b). Both the reanalysis data and model
Global Reanalysis were applied. Since the model was initi@utputs show that a large-scale anticyclonic circulatign e
ized between 11 and 21 March, it ran for at least one mortitbits a dominant influence over southern Asia and the sur-
before the onset of the East Asian summer monsoon, awndnding oceans, with the center located at(2®5°E). The
thereby avoided any spurious behavior related to the spgouthern side of the anticyclone is dominated by the egsterl
up of the atmosphere. Additionally, 1990 was neither an Elonsoonal flow. The Asian low-level westerly jet is also cap-
Nifio year nor a La Nifia year, thereby eliminating the posdired (Figs. 3c and d). The model is successful in capturing
ble impact of robust SST anomalies on the initial conditiothese basic features of the East Asian monsoon circulation.
In the analysis presented in this paper, only the significadbwever, a number of discrepancies between the reanalysis
impacts of soil moisture are discussed. The ensembles data and simulation results also exist. Specifically, theeho
mainly compared for May, and for June—July—August (JJApverestimates the intensity of upper-level northeastirly

We ran three experiments: CTRL; a wet soil experimeand the low-level southwesterly jet over the equator arpitro
(WSM); and a dry soil experiment (DSM). The only differcal Southern Hemisphere, and underestimates the interisity
ence among the three experiments was the initial soil moigsper-level westerly flow over the middle and high latitudes
ture value. CTRL was used to verify that NCEP GCM/SSiBdditionally, the model simulates easterly flow in the lower
is able to reasonably depict the main features of the Asimoposphere over southeastern China, which is inconsisten
monsoon. A number of datasets were used to validate thith the observed southerly flow.
CTRL results, including 200 and 850 hPa winds from the Figure 4b shows the climatology of observed (CMA) cli-
NCEP reanalysis dataset, and observed (160-station) pretological JJA rainfall from over eastern China. The mini-
cipitation from the China Meteorological Administratiormum JJA rainfall is located over Inner Mongolia, increasing
(CMA). In WSM, the initial soil moisture values in all threesouthward. The centers of maximum JJA rainfall are located
soil layers over YRNC were increased to double those aver southeastern China and southwestern China, near the
CTRL, with the maximum value not exceeding the field caastern Tibetan Plateau. CTRL performed reasonably well in
pacity. The differences between WSM and CTRL were aneapturing these main features (Fig. 4a). However, compared
lyzed to assess the impact of wetter spring soil over YRN@ith observations, the model overestimates the maximum
on the East Asian summer monsoon. DSM was the sameraisfall centers over southeastern and southwestern China
WSM but with the initial soil moisture over YRNC set to halfand underestimates the rainfall over Shandong Peninsula.
that in CTRL. The differences between the outputs of CTRL
and DSM indicated the effects of dryer springtime soil on the
East Asian summer monsoon. 4. Influence of soil moisture anomalies on the

East Asian monsoon

3. Control experiments 4.1. Land-atmosphere energy exchange

The sensitivity of a complex system is likely to depend on The variability of soil moisture has a significant impact
its basic state. Therefore, we needed to validate the main fen surface energy fluxes (Amenu et al., 2005, Zhang and
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(@) 200 hPa winds CTRL (b) 200 hPa winds Obs
60N TS~ 5 G6ON ==
X - b>> 77> S>> 78T T T >
] M»ﬂ/
S ] ‘
4ow’% — ,
TN T 77772273 \(\(>~3>7>>> * ss%ﬂﬂﬁes\\\\s >33\
L : $$$$Kezzh< < NV VN A : $<\$@@ZZ¢WL Lbryy
20N 5SS N S < vy 20NNST<<F S 2. AR A A
n z— e - ‘ o r o b
— /L// L ; d . e
<tz =7 ; R -z
[Fezzz— / S e Pt
60E 90E 120E 150E 60E 90E 120E 150E
—_— e
(c) 850 hPa winds CTRL 30 (d) 850 hPa winds Obs 30
BON === 60N T ~ T
P A dgudaagNs>anggdygn - ha>Aq733 337>V ygpessry N
N daAdvd >>AAAI AN 7977 > M3 77>>>333d vVgyyv pAANAA
™~ q&quzééb<4 > > > 7 3/ 1Rz d SOV VEL (W us>a > TTT
40N~ v¢z<:?¢ Mg A < ': 40N—>é' b T ey ST T T 7 7 >
= L AA 7 > re L AN b L L by b AA 4
' /jl/lS oy ve < <SRN MN\J\LN/I\);Z%F/AN/,?:T 77 >
M ‘ WEN Ly < =~ VAN » ‘ ENL B N I A L SN
20N \i )~ SpA S5 gﬁﬂ/ 7 20N"vi7 > . X7 . A 9. AN § .« SN
N - = o - Y 79 A v =Y
: ‘ 755 : ‘ PR
// 22 772 5 f /2\ . 7Y T > > 7
EQ- fff/‘/ﬂ/// ) 7 1pdasl. 377 EQ L N <.y &\,gaa;‘ ‘, LS S
NAKRRRNRRK KRN LN Ve Ny MANRse © v or e e« N s
WSS SN 4 e < o ; ‘
60E 90E 120E 150E 60E 90E 120E 150E
—_— —_—
20 20

Fig. 3. JJA horizontal winds at (a) 200 hPa and (c) 850 hPa wind (umits 1) in CTRL. (b, d) As in (a, c) but
for the observation (“Obs”; NCEP reanalysis).

(a) JJA Precipitation: CTRL

(b) JJA Precipitation: Obs
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Fig. 4. JJA rainfall (units: mm d?1) in (@) CTRL and (b) the observation (“Obs”; CMA).

Zuo, 2011). It first influences evaporation, and thereby alVSM and DSM compared with CTRL. The positive (neg-
fects the sensible heat flux, latent heat flux, and radiatiative) soil moisture anomalies correspond to positive &reg
flux exchange between the land surface and the atmosph#ve) specific humidity anomalies due to the effect of evap-
Figure 5 shows the surface air specific humidity in May ioration. In WSM, the increasing soil moisture is associated
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(a) Specific humidity: WSM—CTRL (b) Specific humidity: DSM—CTRL
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Fig. 5. Difference in surface air specific humidity (units: g¥g in May between CTRL and (a) WSM and (b) DSM.

with enhanced specific humidity north of 30, with a maxi- with that in heat flux.
mum (15 x 103 g kg™1) around North China (Fig. 5a). The  Figure 7 shows the influence of soil moisture on the sur-
reduced soil moisture corresponds to a reduced specific Face air temperature anomalies in May and JJA. The center of
midity over the whole of eastern China, with a maximurthe simulated temperature anomalies in May is located over
(—1.5x 103 g kg 1) around southern Northeast China (FigNorth China in WSM (maximum of-2.5 K), and over the
5b). Yangtze River valley and southern Northeast China in DSM
The anomalies in humidity influence the surface energgaximum of 1.5 K). Specifically, although the positive (heg
budget. In WSM, greater latent heat flux and reduced sengiive) soil moisture anomalies correspond to lower (higher
ble heat flux appear over most of YRNC and Northeast Chirtemperature, the surface air temperature anomalies in WSM
with maximum changes of 70 W m for latent heat flux are much larger than those in DSM before the onset of East
and—55 Wm 2 for sensible heat flux, over the area betweehsian summer monsoon. Using observational data, Zhang
the Huaihe River valley and the Yangtze River valley (Figend Zuo (2011) reported that abnormally high soil moisture
6a and b). Conversely, lower evaporation due to less initiaver YRNC in spring is associated with a cold land surface in
soil moisture is accompanied by reduced latent heat flux alatle spring because of the important effect of evaporation i
greater sensible heat flux over all of eastern China, except fhe surface energy budget. Clearly, the simulations based o
a small part of Northeast China, with maximum changes BICEP GCM/SSiB verify this observation. The positive (neg-
—55 W m 2 for latent heat flux and 40 W nf for sensible ative) soil moisture anomalies correspond to lower (hiyjher
heat flux, over the Yangtze River valley (Figs. 6e and f). temperature, even after the onset of the East Asian summer
In short, increased (reduced) evaporation from the lanmibnsoon (Figs. 7c and d), with the center of the simulated
surface results from wetter (dryer) soil, which is ass@tlattemperature anomalies situated over North China in WSM
with reduced (increased) sensible heat flux and increased (maximum of—1.0 K) and over the Yangtze River valley in
duced) latent heat flux, indicating lower (higher) Bowen rd3SM (maximum of 1.5 K). Outside the domain with con-
tios. Low (high) Bowen ratios are generally accompanidblled soil moisture, there is a center of negative temijpeea
by a cold (warm) land surface, which leads to reduced (emmomalies over Northeast China in WSM, with a maximum
hanced) net long wave radiation. As expected, the maximuwh—1.5 K, which is greater than that over YRNC.
change £15 W m2) in the WSM experiment occurs in the ) . ]
area between the Huaihe valley and the Yangtze River vallfy2- East Asian summer monsoon circulation
while the maximum change (15 WTR) in the DSM exper- Given that the monsoon is the atmospheric response to a
iment occurs in the Yangtze River valley (Figs. 6d and heversal in land—sea thermal contrast, the temperaturaano
Generally, the net solar radiation absorbed by the soil sholies associated with abnormal soil moisture probably have a
a decrease (increase) in WSM (DSM), but this effect is muskrong influence on large-scale monsoonal circulations Thi
weaker than the change in longwave radiation (Figs. 6¢ angpothesis is confirmed by the horizontal winds at 200 and
g). The change in net radiative energy flux is small compar880 hPa (Fig. 8). The upper easterly monsoonal flow and the
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low-level westerly monsoonal jet in WSM are much weakemoisture to the Yangtze River valley. The anomalous north-
than those in CTRL over tropical Asia, the Indian Ocean, aneesterly in the low-level troposphere over midlatitudesare
part of the western Pacific (Figs. 8a and b). A stronger uppepnverges with the warm and wet southwesterly wind over
level westerly jet in the middle latitudes and cyclonic alez  the Yangtze River valley, indicating the occurrence of vapo
tion appear over Mongolia and adjacent areas, represeatirflix convergence. As a consequence, there is more rainfall
relatively deep East Asian trough. An anomalous dipole pat-this region. The strengthened East Asian trough extends
tern of geopotential height at 500 hPa is apparent across sleeithward to Northeast China, bringing more rainfall.
Yangtze River valley, with an abnormal high to its south and Generally, the East Asian summer monsoon circulation
an abnormal low to its north (Fig. 9a). Specifically, an abnoshows little response to dryer soil anomalies. The uppermon
mal high dominates southeastern China and a strengthesedn circulation shows a weak intensification over the west-
East Asian trough extends southward to Northeast Chiman Pacific Ocean and the South China Sea, but diminishes in
These features indicate a weaker summer monsoon. An #re regions to their west (Fig. 8c). The low-level horizénta
ticyclonic circulation appears over the subtropical westewinds also do not exhibit any apparent change (Fig. 8d). Ad-
Pacific and southeastern China in the low-level troposphedéionally, moderate positive geopotential height andezal
which inhibits rainfall in southeastern China but bringsreno dominate the whole of eastern China, indicating the likeli-

a) Latent heat WSM—CTRL e) Latent heat DSM—CTRL
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Fig. 6. Difference in (a) surface latent, (b) sensible heat fluxstmrt wave radiation, and (d) long wave radia-
tion (units: W nm2) in May between CTRL and WSM. (e-h) As in (a—d) but for theetiéince between CTRL
and DSM.
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Fig. 6. (Continued.)

hood of negative rainfall anomalies over the whole of easteiional findings of Zuo and Zhang (2007, Fig. 1a) and Zhang
China (Fig. 9b). It seems that the monsoonal circulation &d Zuo (2011, Fig. 5), indicating consistency in the anoma-
insensitive to a warmer land surface over eastern China. lous rainfall pattern between the simulated and observed re
Figure 10 shows the latitude—height changes of JJA veults. In DSM, the positive geopotential height anomalies
tical wind along 100-12CE in the WSM and DSM experi- over the whole of eastern China correspond to the descend-
ments compared with CTRL. In WSM, ascending motion oég flow over YRNC (Fig. 10b), resulting in decreasing rain-
curs in the Yangtze River valley and Northeast China, whifall over the whole of YRNC (Fig. 11b).
descending motion occurs over North China and southeasternWe further calculated the net vertically integrated (1000—
China (Fig. 10a). Consequently, rainfall in WSM increaseé¥)0 hPa) water vapor budget anomalies over southern China
over the Yangtze River valley and Northeast China, but dg20°-25°N, 105-120E), the Yangtze River valley (25
creases in southeastern China and North China, compasétN, 105-120E) and Inner Mongolia (35-45°N, 105—
with CTRL (Fig. 11a). These features are similar to thosE2C°E) in WSM, and over YRNC in DSM, compared with
observed during years with a weak East Asian summer md@@FfRL. In WSM, net water vapor flux divergences are seen
soon. Figure 11a also shows similarities with the obsenia-southern China{9.49x 10~ kg s™1) and Inner Mongo-
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Surface qir temperature: WSM—CTRL Surface air temperature: DSM—CTRL
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Fig. 7. Difference in 2 m air temperature (units: K) in (a) May and JB)\ between CTRL and WSM. (c, d) As
in (a, b) but for the difference between CTRL and DSM.

lia (—8.38x 107 kg s 1), and a net water vapor flux con-East Asian summer monsoon circulation seems insensitive to
vergence appears in the Yangtze River valleyl{5< 107 dry soil anomalies.

kg s 1), consistent with the characteristics of rainfall anoma-

lies. This feature verifies the weakening monsoon circnfati . .

being due to the wetter soil in spring over YRNC. In con5' Further discussion
trast, the water vapor budget anomaly over YRNC in DSM is The present study shows that wet soil results in a reduced
weak (-0.72x 1077 kg s 1), suggestive of a weak variationintensity of the East Asian summer monsoon via cooling of
in the atmospheric circulation response to drier spring sthe land surface; whereas, dry soil appears to cause little
anomalies. Douville et al. (2001) suggested that soil moishange in the monsoonal circulation. These findings are con-
ture affects monsoonal precipitation via two competing prgistent with the results of Yang and Lau (1998), who reported
cesses: (1) a recycling effect, whereby greater evaporattbat Asian summer monsoon becomes weaker with increased
leads to enhanced rainfall; and (2) a dynamic effect, wheresoil moisture, but does not become stronger with reducéd soi
surface evaporation cools the land surface and weakensnimsture. Wei et al. (2008) also reported that a negative—
monsoonal flow. From the present study, it appears that #heminant soil moisture—precipitation correlation pattex-
dynamic effect has a more importantimpact on soil moisturéibits stronger negative correlations in wet areas thamyn d
precipitation feedback under high spring soil moisturedion areas.

tions (i.e., as shown in WSM); whereas, the recycling effect But why is it that reduced soil moisture is not followed by

is dominant under drier conditions (i.e., as shown in DSMa. strong summer monsoon? If the persistence of soil mois-
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(a) 200 hPa winds: WSM—CTRL (b) 850 hPa winds: WSM—CTRL
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Fig. 8. Difference in JJA horizontal wind (units: nT$) at (a) 200 hPa and (b) 850 hPa between CTRL and
WSM. (c, d) As in (a, b) but for the difference between CTRL &&M.

ture in DSM was shorter than that in WSM, this may offeEast Asian summer monsoon in WSM compared with that in
an explanation. However, we found that the soil moistui2SM. Additionally, NCEP GCM/SSIB simulates a stronger
anomalies were larger in DSM than in WSM, in May ané&ast Asian summer monsoon circulation compared with the
JJA, indicating the persistence of soil moisture anomal&s observation. This may be another possible cause, since a
longer in DSM than in WSM (Fig. 12). Therefore, the differvigorous monsoon circulation is more easily weakened than
ence in the persistence of soil moisture under dry and vsttengthened via external forcing.

conditions cannot explain the stronger response of thenAsia Additionally, Yang and Lau (1998) compared the impacts
summer monsoon to wet soil anomalies compared with doy soil moisture and SST on the Asian summer monsoon,
soil anomalies. On the other hand, the anomalous surfaceaincluding that SST anomalies cause greater change. A wet-
temperature associated with the relatively moderate igesitter Asian continent is associated with a moderately weaker
soil moisture in WSM in May was much larger than that agdsian summer monsoon, considered to represent the indirect
sociated with the relatively intense negative soil moistir impact of SST. That is, warm winter—spring SST anomalies
DSM (Fig. 7), which may explain the stronger response of thead to increased soil moisture across the Asian contimght a
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(a) HGT: WSM—CTRL (b) HGT: DSM—CTRL
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Fig. 9. Difference in JJA geopotential height at 500 hPa betweenlCaml (a) WSM and (b) DSM.

(a) Vertical winds: WSM—CTRL (b) Vertical winds: DSM—CTRL
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Fig. 10.As in Fig. 9 but for the latitude—height section of JJA vatiwinds along 100-120°E (units: 16 pa s1).

indirectly weaken the Asian monsoon during the followin@hina on the East Asian summer monsoon is independent of
summer. The spring climate over eastern China is signifie SST over the tropical Pacific.

icantly affected by the SST in the central and eastern Pa-

cific (Zhang et al., 1999, Zhang and Sumi, 2002). With thi d lUSi
in mind, we calculated the correlation coefficients betwe§1 Summary and conclusion

observed soil moisture and rainfall in YRNC during spring, Based on observed data, Zuo and Zhang (2007) and
and wintertime SST in the Nifilo3 area [where Yang and Lahang and Zuo (2011) reported that a springtime soil mois-
(1998) reported the centers of SST anomalies]. Althoughware anomaly over YRNC is closely correlated with the East
significant correlation was found to exist between winieeti Asian summer monsoon and JJA rainfall in eastern China.
SST in Nifilo3 and springtime rainfall in YRN@R(= 0.47 In the present study, a series of numerical experiments was
for 1982-2010, exceeding the 0.05 level of significance), performed using NCEP GCM/SSIB, to investigate the sensi-
significant relationship was found between SST and sprintiyity of the East Asian summer monsoon and JJA rainfall in
time soil moisture over YRNCR = 0.18 for 1982-2010). China to soil moisture anomalies over YRNC. In addition to
Therefore, the impact of soil moisture anomalies over eastea control experiment with free-running soil moisture, $ens
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(a) Precipitation: WSM—CTRL (b) Precipitation: DSM—CTRL
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Fig. 11.As in Fig. 9 but for JJA precipitation (units: mnTé).
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Fig. 12. Time series of the difference in top (grey lines with cirglaad deep (black
lines with squares) soil moisture between CTRL and (a) WS (ah DSM.

tivity simulations were performed with soil moisture vadue(weaker upper easterly monsoonal flow and low-level west-
double and half those in the control run. erly monsoonal jet). An anomalous anticyclonic circulatio
The results of the experiments indicated that the Asi@overs southeastern China and thereby less rainfall oaturs
summer monsoon responds robustly to wet soil anomaliedlire region. In the middle latitudes, wet soil anomalies are
YRNC. Wet soil is accompanied by colder land temperatuassociated with a strengthened East Asian trough extending
via land—-atmosphere energy exchange, and the abnormatiuthward to Northeast China, resulting in more rainfairov
cold land surface narrows down the land—sea thermal cdwertheast China and less rainfall over North China. The ab-
trast and thereby weaken the East Asian summer monsoammally strong southward East Asian trough and weakened
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East Asian summer monsoon circulation correspond to thdansen, M. C., R. S. DeFries, J. R. G. Townshend, and R.
convergence of northerly and southerly flow over the Yangtze  Sohlberg, 2000: Global land cover classification at 1 km spa-
River valley, conducive to more precipitation in this regio tial resolution using a classification tree approdeh. J. Re-

The rainfall in JJA in eastern China decreases with neg- ~ mote Sens,, 21, 1331-1364. . . .
ative soil moisture anomalies in YRNC. Dry soil is associ-Hirschi, M., and Coauthors, 2011: Observational evidencedil-
ated with less latent and more sensible heat flux (i.e., highe tmuroéséuegggﬁfgt 401;]0;13)(35?1? To;%%?;iitg:’:rz] Eutdpe.
Bowen ratlos),_ |nd|cat|ng. a higher boundary Iayer and rekalnay, E., M. Kanamitsu, and W. E. Baker, 1990: Global numer
duced convective instability and evaporation. Little apan

’ ; g cal weather prediction at the National Meteorological @ent
occurs in atmospheric moisture convergence over YRNC. g Amer. Meteor. Soc., 71, 1410—1428.

These factors correspond to decreasing summer rainfall Kanae, S., Y. Hirabayashi, T. Yamada, and T. Oki, 2006: |nitee
YRNC. of “realistic” land surface wetness on predictability ofse

We also briefly considered the correlation between trop-  sonal precipitation in Boreal summek.Climate, 19, 1450—
ical SST in the previous winter and springtime soil moisture ~ 1460.
in YRNC. Analysis showed that, although tropical SST has #&anamitsu, M., and Coauthors, 1991: Recent changes imple-
major influence on the Asian summer monsoon, soil moisture ~ Mented into the global forecast system at NM&a. Fore-
also contributes in this regard and soil moisture—preiijoit ~ casling, 6, 425-435. o
feedback reinforces that part of the monsoon not produce@m‘ J—E., and S.—Y. Hong, 2007: Impact Qf_so'l moistureraae

. . lies on summer rainfall over East Asia: A regional climate

by SST anomalies. Nevertheless, it should be noted that, al- | study. Climate, 20, 5732-5743.
t_hOUQh this study was based on qbserved facts,. itremains dizoster, R. D., and Coauth'ors’, 2004: Regions of strong cogpli
ficult to assess the degree to which the numerical results are  peqyeen soil moisture and precipitatidience, 305 1138—
model-dependent. Further investigations with more numeri 1140,

cal simulations are undoubtedly necessary to improve undexi, z. X., T. J. Zhou, H. S. Chen, D. H. Ni, and R. H. Zhang, 2015:

standing of soil moisture—precipitation feedback. Modelling the effect of soil moisture variability on summer
precipitation variability over East Asiant. J. Climatal., 35,
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