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Abstract To understand the impact of soil moisture on summer climate over China, the regional climate model RegCM3 was
forced by “observational” soil moisture data from the Global Soil Wetness Project (GSWP). The forcing of soil moisture pro-
duces a more realistic summer climate. Improvement is evident in the spatial patterns of both precipitation and surface (2 m) air
temperature, as well as the daily variation of precipitation and surface air temperature in summer. The interannual variations of
precipitation and temperature are also improved, as indicated by the increased correlation coefficients. The improvement is how-
ever region-dependent. The model response indicates that the sensitivity of surface air temperature to soil moisture is stronger
than that of precipitation. The modeled results suggest that the soil moisture may serve as a useful forcing factor in improving
the seasonal forecast skill over China.
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Table 1  The spatial correlation coefficients

of the summer mean (1986 — 1995) soil moisture
between simulations and observations and
the root-mean-square errors of the simulated
summer mean (1986 —1995) soil moisture

relative to the observation
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Fig.2 Distributions of the summer mean surface
soil moisture (mm) for (a) the Ctrl experiment,
(b) the GSWP2 experiment and (c¢) the difference
between the GSWP2 and Ctrl experiments

(The 1986 — 1995 averages are taken as the climate mean)
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Fig.3 Variations of climatic averaged soil moisture
(mm) during 1 May — 1 September over 1986 — 1995
for (a) the northeastern China, (b) the central China
and (c¢) the eastern China

(Obs denotes the observation)
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Fig. 4 Climatic averaged precipitation in summer
over 1986 — 1995 (mm/d) for (a) the observation,
(b) the difference of Ctrl — observation, and
(¢) the difference of GSWP — Ctrl
(Shaded regions in (c) indicate the correlation

coefficients being significant at the 90% confidence level)
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Table 2 The spacial correlation coefficients and the root-mean-square errors of the averaged summer

rainfall and 2 m air temperature over 1986 — 1995 for the different regions in China

B WeRE WEREE
j i i GSWP X5 Ak P il GSWP {5 Ak
HE 0. 655 0.672 +0.017 0.212 0. 222 +0.010
Rt 0.712 0. 764 +0. 052 0.558 0.511 —0.047
<5 0. 780 0.752 -0.028 0.430 0. 458 +0.028
[ /K (mm) . .
£ 0. 051 0.101 +0. 050 1.123 1. 036 —0.087
Pide 0. 487 0. 550 +0. 063 0.179 0.143 —0.036
Figea] 0.183 0. 209 +0. 026 0.415 0. 467 +0. 052
i E 0. 853 0. 856 +0.003 0.293 0.263 -0.030
|4 0.907 0.920 +0.013 0.484 0.482 —0.002
. fedt 0. 809 0. 806 —0.003 0.333 0.307 —-0.026
2 m R (K)
AT 0. 882 0. 885 +0.003 0.324 0.242 —0.082
Pade 0.717 0.726 +0.009 0. 469 0.413 - 0. 056
i 0.476 0. 454 —0.022 0. 349 0.319 —0.030

T VA At I8 DR g ol T A5 T M G R A A T 90 V0 M BE R B . e [ (X 480227 54°N, 75°—135°E) , AR L X 48 (40°—54°N,117. 5 135°E)
#b X 35k (30°—40°N, 102, 5°—130°E) . 41 [X 35} (22°—30°N., 102, 5°—120°E) . F§ It [X 3} (35°—45°N. 75°—102. 5°E) . P g [X 45k (28°—35°N, 75°—102. 5°E) ,

All the correlation coefficients are tested to be significant at the 90% confidence level. China (22° = 54°N, 75° = 135°E) . northeastern China
(40°—54°N,117.5° = 135°E) , northern China (30° —40°N, 102.5° - 130°E), southern China (22° = 30°N, 102.5° — 120°E), northwestern
China (35°—45°N, 75°-102.5°E) and southwestern China (28°—35°N, 75°—102. 5°E)
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Table 3 The correlation coefficients of the regional mean soil moisture during 1 Jun— 31 August for

(a) precipitation and (b) 2 m air temperature averaged over 1986 — 1995 for the various regions of China

. ok Zmiw
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Fig.6 Averaged standard deviations of the summer precipitation (a— c; mm/d) and
2 m air temperature (d—e; K) over 1986 — 1995 for the observation (a,d), the difference
of Ctrl — observation (b,e) and the difference of GSWP — Ctrl (¢,D
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Table 4 The correlation coefficients of the regional mean soil moisture for

(a) summer precipitation and (b) summer 2 m air temperature

P ek D
2 i 5 GSWP X5 Ak i g GSWP X5 Ak
4 X 0.558 0.473 —0.085 0. 764 0. 819 +0. 055
A 0. 320 0.436 +0.116 0.782 0.784 +0.002
<5lg 0.589 0. 257 -0.332 0.795 0. 820 +0.025
B 0. 099 0. 256 +0.157 0.284 0.533 +0. 249
B[4 0.576 0. 837 +0. 261 0.411 0.563 +0.152
icgEs] 0. 409 0.202 —0.207 0. 325 0.436 +0.111




5K SO A < - 9 8 5 o e ] R 2 S ) BB I T 87
294
gal(@ ot —GSWPoe—eObs (@ Ctl — GSWP o—e0bs
&
<
g
g
£ 2
= 5 5
5 i g
5 :
24.
1,
4,
2,
19‘87 19‘89 19‘91 19‘91 1995 Year 19é7 19‘89 19‘91 19‘91 1995 Year
7 BEZG6—8 KK (a—f; AL mm/d)F 2 m i (g— 1 B AL KO B AEBRAE L
(avg. WEAKE. b.h Kb, c.i A4k, dij. %8, ek 4L, L PURD
Fig. 7 Interannual variations of the summer precipitation (mm/d) and 2 m air temperature (K)

for China (a,g), northeastern China (b,h), northern China (c,i), southern China (d,j),

northwestern China (e,k) and southwestern China (f,D

6 B

FIF GSWP (9322 (0. 1 m) -+ 205 B % R o8
IR RegCM3L 47 T 10 4F Y B 2= S A
B4 25 W R A GSWP - 580 B %0 R 3830 X
B BEAE — B E b O X [ R A
AR AL R, FELB T .

(1) GSWP2 RZ 8B ER T ERILHN.F
R 5 5L 2 T RN PG LR A R R XA 8 b A
¥, S8R .GSWP2 £)2 HEEE R
Z A 3 4 A T LI B AR TP R R
% H AL I s il i 5 4

(2) MEFE M F £ GSWP {55
L B T A ZR L RS o M XL Y LA B T O 3
K A5 2 B8 T LA AN S il 1 50 v R K1 i 25 45 31 T ek
B T AE ARG XL KK A A R) 43 A T A5 3 T

e, GSWP2 + 31 B 6] Tl B A5 401 1% 2 e gk 1Y)
DX 3 2 BEAE AL T 5 B 14 25 [ 43 A B AE AR AL RV R
ZAMA IR A K I, AT B T ik, GSWP2 1R
JE R A RO AR B T KRR E % H AR
BAUACR

(3) XFAEBRAS LT 75 - GSWP2 4 3800 5 %k} Bk
i E — AR B 1 3 o A K ORI AT AT B A 3 ) A4
RO AR O R PR X3 S5 5 DA 25 X3 A B K L
T 55 UL P A DG Sk B B K RS UL B B R SR
FEARAL AR PE L 3 AN X L 1M 2 m AR 7 P E 4
DX DL B 454 IX #7521 i itk

(4) AN X 7R 0 A0 285 380 2 4 B A2 Ak i 55 40
AR A R Y B R T R K i GSWP2
T S R R A DX A AR DX R Y B L R K 1Y
e ]

S5 ARSI H g 25 58 1 R B X AR T 2R R



88

DX 2= 1Y 52 i) 25 2R SR B, R A 08 R R
GSWP2 JX gl X, (9 8 2 & 1 AR I B 2% A e i
PR . B GSWP 235 % 42 il 10 55 1) ok i o 76 K &
3 ML X AN BE T Ik 95 00 11 58 3 MR 56 L R R AE T
(DR I R CRIAE AR N 06 2 L 78 RSk 1Y)
F5E v o i AR 3 B IR [ Ofe A6 36 - 498 00 8 X AR I
SAREIFE R 5 (2) BFFE R W] GSWP2 + 3E W JE 75 <,
foe 2 b ot 5w o AHAR PR AS AL B A7 L e 22 Cik SO
&£ ,2008a) ; Dirmeyer (2000) JIF5Z T GSWP 1 821
JEFE — B bR GCM iy B 0l &5 2R, 5
GSWP2 + e Ji B8 35 1 J2 18 X 245 21 AR SR A7 7E A
B e . AR 3 M5 B THE il WL, B4R GSWP
TR B B TR AR B ALY L R
{EAEER 53 DX I T A W 5 (3) 7E 2 WU AT 19 4R IE.
DA, AP R K P % X Ry A ke S 3 /R T (Zhou,
et al, 2005) , 11 Je i fifi 2 4 1 Cn - 39638 5 19 5T wk
4 B (Douville, et al, 2001; Douville, 2002;
Zhang, et al, 2003) ; (O R A GAEERZE, LAF
KA K WAIF I AR G X e B U 0 1y 1
1B 9E A7 PE 4L (Alan, et al, 1998; Srinivasan, et
al, 2000; 5K 3CH 45 ,2008b) Lk K 4 4835 B 1 [ 4k ]
W (Giard, et al, 2000; Walker, et al, 2001),3x% &t
TCAERY E RS2 30 0] 38 R A ok 4 s R U
R S TR o A SN DX IO A5 40 7 £ B IE
SEE FRAY IR R A0 1 AR 08 Rk A X A RN 4 R
B X T R A I R e DX 5

&% ik

BN IREY B R AR AT, 2006, B SR (W] 43 B S R HL T Xt AR
o KB ADL 5 i (X 56 L RSB 4%.30(2) :185-192

ARG A /RS SR AR, 2001, i Th7 o A A5 2 X - 38 5 K i 0 (6 1
TRPEITIE. R 5 HEEHESY . 6(2) :240-248

T4 [ L A0 45, 2001, B A AR AR AL 6 R BF S
LG ) MR B R L 16(4) :563-568

PR L ZEHE T, SR A SR . 2005, I3 0+ R T S W R I S 4
ATRRAE B 5 S S R MW b B RS 16
(2):129-138

EJTRK. 1991, 38 Wi ¥ 5 %o el 300 /A0 3 A AR L 38 R
SRk, 15(5): 115-123

FANRE L B R, A4, 2008, H [ A% 0 A4 48 A P A2 1k = e 45 fiE
MIBFTEHE . IR, 32(4) « 893-905

TR A L RRCPH AR L 2 N4, 2007, RegCM3 T 45 W0 BF 3 il f [/ <
fRAEILRE T R B, Bl 42 31 . 23(5) : 444-452

TRICE AR, FNTE. 2008a. P E L HGRIE A 5L £

Acta Meteorologica Sinica ¥ 2012,70(1)
R BORHRL Y H B RSB, 32(3) :581-597

KSR T AR, A R . 2008b. A [ - I BE 9 40 A SR TT A
BB S5 T A . KRR, 32(5) : 1128-1146

R BRI, 1995, — A4 BRIk 22 4 199 A6 A8 5 1 s 1 B Tl
A5 R AR 5. P LR 41 11(4) . 342-353

JEARF, sk, EA R, 1999, & BROKAGH 1S w5, R4
24 .57(3) : 264-282

Alan R, Schlosser C A, Vinnikov K Y. et al. 1998. Evaluation of
AMIP soil moisture simulations. Global and Planetary Change,
19:181-208

Anthes R. 1977. A cumulus parameterization scheme utilizing a one-
dimensional cloud model. Mon Wea Rev, 105: 270-286

Atlas R, Wolfson N, Terry J. 1993. The effects of SST and soil
moisture anomalies on GLA model simulations of the 1988 U. S.
summer drought. J Climate, 6. 2034-2048

Beljaars A C M, Viterbo P, Miller M J, et al. 1996. The anomalous
rainfall over the United States during July 1993 Sensitivity to
land surface parameterization and soil moisture anomalies. Mon
Wea Rev, 124. 362-382

Bosilovich M, Sun W-Y. 1999. Numerical simulation of the 1993
midwestern flood: Land-atmosphere interactions. J Climate,
12. 1490-1505

Dickinson R E, Errioco R M, Giorgi F, et al. 1989. A regional cli-
mate model for the western United States. Climatic Change,
15.383-422

Dickinson R E, Henderson-Sellers A, Kennedy P J. 1993. Bio-
sphere-Atmosphere Transfer Schemes (BATS) version le as
coupled to the NCAR Community Climate Model. NCAR Tech.
Note/ TN-387 + STR, 72pp

Dirmeyer P A, Dolman A J, Nobuo S. 1999. The pilot phase of the
Global Soil Wetness Project. Bull Amer Meteor Soc, 80: 851-
878

Dirmeyer P A. 2000. Using a global soil wetness data set to improve
seasonal climate simulation. J Climate, 13: 2900-2922

Dirmeyer P A, Gao X, Zhao M, et al. 2005. The Second Global Soil
Wetness Project (GSWP-2) : Multi-Model analysis and implica-
tions for our perception of the land surface. COLA Technical
Report 185

Dirmeyer P A, Gao X, Zhao M, et al. 2006. Supplement to
GSWP2: Details of the forcing data. Bull Amer Meteor Soc,
87: s10-s16

Douville H, Chauvin F, Broqua H. 2001. Influence of soil moisture
on the Asian and African monsoons. Part I: Mean monsoon and
daily precipitation. J Climate, 14. 2381-2403

Douville H. 2002. Influence of soil moisture on the Asian and Afri-
can monsoons. Part II. Interannual variability. J Climate, 15:
701-720

Douville H. 2003. Assessing the influence of soil moisture on sea-
sonal climate variability with AGCMs. ] Hydrometeor, 4:
1044-1066



SR SO A« I R R e o B 2 g Y (B R

Fennessy M J, Shukla J. 1999. Impact of initial soil wetness on sea-
sonal atmospheric prediction. J Climate, 12 3167-3180

Gao X, Zhao Z, Ding Y, et al. 2001. Climate change due to green-
house effects in China as simulated by a regional climate model.
Adv Atmos Sci. 18. 1224-1230

Gao X, Zhao Z, Giorgi F. 2002. Changes of extreme events in re-
gional climate simulations over East Asia. Adv Atmos Sci, 19:
927-942

Gao X, Shi Y, Song R, et al. 2008. Reduction of future mosoon
precipitation over China; comparison between a high resolution
RCM simulation and the driving GCM. Meteor Atmos Phys,
100. 73-86

Giorgi F, Bates G T. 1989. On the climatological skill of a regional
model over complex terrain. Mon Wea Rev, 117.:2325-2347

Giard D, Bazile E. 2000. Implementation of a new assimilation
scheme for soil and surface variables in a global NWP model.
Mon Wea Rev, 128 997-1015

Giorgi F, Mearns L. O, Shields C, et al. 1996. A regional model
study of the importance of local versus remote controls of the
1988 drought and the 1993 flood over the central United States.
J Climate, 9. 1150-1162

Goswami B N, Wu G, Yasunari T. 2006. The annual cycle, in-
traseasonal oscillations, and roadblock to seasonal predictability
of the Asian summer monsoon. J Climate, 19: 5078-5099

Grell G A, Dudhia J, Stauffer D R. 1994. Description of the fifth
generation Penn State/NCAR Mesoscale Model ( MM5 ).
NCAR Tech. Note/TN-398+ STR, 121pp

Guo W, Wang H. 2003. A case study of the improvement of soil
moisture initialization in IAP-PASSCA. Adv Atmos Sci, 20:
845-848

Hong S, Pan H. 2000. Impact of soil moisture anomalies on season-
al, summertime circulation over North America in a regional cli-
mate model. J Geophys Res, 105: 29,625-29,634

Hu Y, Ding Y, Liao F. 2009. An improvement on summer regional
climate simulation over East China: The importance of data as-
similation of soil moisture. Chinese Sci Bull, 54. 2388-2394

Kiehl J T, Hack J J, Bonan G B, et al. 1996. Description of the
NCAR Community Climate Model (CCM3). NCAR Tech.
Note/ TN-420 + STR, 152pp

Kim J-E, Hong S-Y. 2007. Impact of soil moisture anomalies on
summer rainfall over East Asia; A regional climate model stud-
y. J Climate, 20. 5732-5743

Koster R D, Suarez M J, Heiser M. 2000. Variance and predictabil-
ity of precipitation at seasonal-to-interannual timescales. J Hy-
drometeor, 1. 26-46

Koster R D, Dirmeyer P A, Guo Z, et al. 2004a. Regions of strong
coupling between soil moisture and precipitation . Science, 305
1138-1140

Koster R D, Suarez M J, Liu P, et al. 2004b. Realistic initialization

of land surface states: Impacts on subseasonal forecast skill. J

89

Hydrometeor, 5: 1049-1063

Li Haibin, Robock A, Liu Suxia, et al. 2004. Evaluation of reanal-
ysis soil moisture simulations using updated Chinese soil mois-
ture observations. ] Hydrometeor, 6.:180-193

Li H, Dai A, Zhou T, et al. 2010. Responses of East Asian summer
monsoon to historical SST and atmospheric forcing during 1950 —
2000. Climate Dynamics, 34: 501-514, doi: 10. 1007/s00382-008-
0482-7

Namias J. 1959. Persistence of mid-tropospheric circulations be-
tween adjacent months and seasons//Bolin B. The Atmoshpere
and the Sea in Motion: Sciencific Contributions to the Rossby
Memorial Volume. Rockefeller Institute Press, 240-280

Paegle J, Mo K C, Nogues-Paegle J. 1996. Dependence of simulated
precipitation on surface evaporation during the 1993 United
States summer floods. Mon Wea Rev, 124, 345-361

Pal J, Small E E, Eltahir E A B. 2000. Simulation of regional-scale
water and energy budgets: Representation of subgrid cloud and
precipitation process within RegCM. ] Geophys Res, 105:
29579-29594

Reynolds R W, Rayner N A, Smith T M, et al. 2002. An improved
in situ and satellite SST analysis for climate. J Climate, 15;
1609-1625

Robock A, Vinnikov K Y, Srinivasan G, et al. 2000. The global
soil moisture data bank. Bull Amer Meteor Soc, 81:1281-1299

Schar C, Luthi D, Beyerle U, et al. 1999. The soil-precipitation
feedback: A process study with a regional climate model. J Cli-
mate, 12. 733-741

Seth A, Giorgi F. 1998. The effects of domain choice on summer
precipitation simulation and sensitivity in a regional climate
model. J Climate, 11 2698-2712

Shukla J, Mintz Y. 1982. Influence of land-surface evapotranspira-
tion on the Earth's climate. Science, 215: 1498-1501

Simmons A J, Gibson J K. 2000. The ERA-40 Project Plan, ERA-
40 Project Report Series No 1. ECMWF, Shinfield Park, Read-
ing, UK, 63pp

Srinivasan G, Robock A, Entin J K, et al. 2000. Soil moisture sim-
ulations in revised AMIP models. J Geophys Res, 105: 635-644

Walker J P, Houser P. 2001. A methodology for initializing soil
moisture in a global climate model: Assimilation of near-surface
soil moisture observations. J Geophys Res, 106. 11,761-11,
774

Wolfson N, Atlas R, Sud Y C. 1987. Numerical experiments relat-
ed to the summer of 1980 U. S. heat wave. Mon Wea Rev,
115. 1345-1357

Wu B, Zhou T. 2008. Oceanic origin of the interannual and inter-
decadal variability of the summertime Western Pacific subtropi-
cal high. Geophys Res Lett, 35, L13701, doi: 10. 1029/
2008G1.034584

Xue Y. Juang H-M H, Li W P, et al. 2004. Role of land surface

process in monsoon development: East Asia and West Africa. J



90

Geophys Res, 109: 1-24

Yang F, Kumar A, Lau K M. 2004. Potential predictability of U.
S. summer climate with “perfect” soil moisture. J Climate, 5.
883-895

Yang S, Lau L M. 1998. Influences of sea surface temperature and
ground wetness on Asia summer monsoon. J Climate, 11:3230-
3246

Yeh T C, Wetherald R I, Manabe S. 1984. The effect of soil mois-
ture on the short-term climate and hydrology change: A numer-
ical experiment. Mon Wea Rev, 112. 474-490

Yu R, Li W, Zhang X, et al. 2000. Climatic features related to
eastern China summer rainfalls in the NCAR CCM3. Adv At-
mos Sci, 17 503-518

Yu R, Wang B, Zhou T. 2004. Climate effects of the deep continen-
tal stratus clouds generated by Tibetan Plateau. ] Climate, 17
2702-2713

Zeng X B, Zhao M, Dickinson R E. 1998. Intercomparison of bulk
aerodynamic algorithms for the computation of sea surface flu-
xes using TOGA COARE and TAO data. J Climate, 11; 2628-
2644

Zhang H, Frederiksen C S. 2003. Local and nolocal impacts of soil
moisture initialization on AGCM seasonal forecasts: A model

sensitivity study. J Climate, 16; 2117-2137

K2 2012,70(1)

Acta Meteorologica Sinica

Zhou T, Li Z. 2002. Simulation of the East Asian summer monsoon
by using a variable resolution atmospheric GCM. Climate Dyn,
19. 167-180

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

Zhou T, Yu R. 2006. Twentieth century surface air temperature o-
ver China and the globe simulated by coupled climate models. J
Climate, 19 5843-5858

Zhou T, YuR, Li H, et al. 2008. Ocean forcing to changes in glob-
al monsoon precipitation over the recent half century. J Cli-
mate, 2: 3833-3852

Zhou T, Wu B, Wang B. 2009a. How well do atmospheric general
circulation models capture the leading modes of the interannual
variability of Asian-Australian Monsoon? ] Climate. 22 1159-
1173

Zhou T, Yu R, Zhang J, et al. 2009b. Why the Western Pacific
subtropical high has extended westward since the late 1970s. ]
Climate, 22 2199-2215

Zhou T, Gong D, LiJ, et al. 2009c. Detecting and understanding
the multi-decadal variability of the East Asian summer mon-
soon: Recent progress and state of affairs, Meteor Z, 18 455-

467



