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Abstract The Community Land Model version 4.0 (CLM4.0) driven by the atmospheric forcing data of Princeton
University was used to simulate soil moisture (SM) in China from 1961 to 2010. The simulated SM data were compared
with observation data, National Centers for Environmental Prediction (NCEP) Reanalysis data, and SM data retrieved
from the Advanced Microwave Scanning Radiometer—Earth Observing System (EOS; AMSR-E) data. The results showed
that although CLM4.0 simulation is capable of capturing the characteristics of spatial distribution and temporal spatial
variation of measured SM, the simulated SM was systematically higher than the observations in every layer in northeast
China, the Jianghuai basin, and the Hetao region. The spatial patterns of the simulated SM and the NCEP SM
demonstrated reasonable consistencies, and the spatial patterns of simulated SM and AMSR-E retrieved SM showed
consistencies in the northern area of 35°N. On the basis on the simulated SM from 1961 to 2010, it can be concluded that
the spatial distributions in every layer were characterized by a gradually increasing pattern from the northwest to
southeast. Dry regions were located in Xinjiang, Qinghai, Gansu , and western Inner Mongolia, whereas the most humid
regions were located in the Northeast China Plain, the Jianghuai region, and the Yangtze River basin. The SM generally
increased from surface layer to deeper layers. The variation trends essentially showed consistencies in all layers. The SM
mainly decreased in the northern area of 35°N except western Xinjiang and partial regions of Northeast China, and
increased mainly in the Yangtze River basin, southern and southwestern China. In the global warming background, the
simulated SM of summer demonstrated various responses to the variation in precipitation. SM decreased in typical arid
and semiarid regions and increased in humid regions. The humid regions responded significant to precipitation, whereas

the semiarid and arid regions were ranked second.
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Fig. 1 Spatial distribution (unit: m*m ) and bias of the simulated and measured mean soil moisture (SM) in the summers (June—August) of 1981-1999: (a)
CLM4.0 simulated SM (0-9.06 cm); (b) measured SM (0-10 cm); (c) CLM4.0 simulated SM (0—49.3cm); (d) measured SM (0-50 cm); (e) bias percent
between CLM4.0 simulated (0-9.06 cm) and measured (0—10 cm) SM; (f) bias percent between CLM4.0 simulated (0-49.3 cm) and measured (0-50 cm) SM;

(g) CLM3.5 simulated SM (0-9.06 cm); (h) CLM3.5 simulated SM (0-49.3 cm)

RN 2t 7ACAE J 1R v g 2 B b X S v a1
SIS, AR 2RI, JE L
JE S P AR 2 B A XA AR R A
(2008 AR AR AL s i X 39830 2 gk /D I

g3
ARILEEAHIERAEIZ2% Nie et al. (2008) (1)

TAE, ¥aEh 3 ANk (KB 3). s 11X 4

ARALHLX, 2 2 ROBETREubm b, 53



N W 38 %

504 Chinese Journal of Atmospheric Sciences Vol. 38

5N 5N

50N — 50N

45N 48N

40N 40N

3N 3N

30N 3N

25N 25N |

20N 20N

15N T 16N T T T T *

0E B0E  E 100 MOE  12E  130E  140E ME  ®E  WE 10 MOE  120E  130E  140E
BT T T . BT T T .
005 01 015 02 025 03 03 m°m™ 005 01 015 02 025 03 03 m°m™

B

Fig. 1 (Continued)

5N 5N
(b)

50N 50N
45N 45N
40N 40N
3N | 3N
30N 3N
25N 25N
20N 20N
15N T T T — T 15N T |

E 8E  WE  100E  10E  120E  130E  140E NE 8 WE 100 M0E  12E  130E  140E

o x<-0.003 0-0.003 < x<-0.002 © -0.001 < x<0
-0.003-0.002-0001 0 0.001 0002 0003 m> m™/10 a 00001 <x<0.002 00002 <x<0.003 © x 30003
55N 55N
(d)

50N 50N ) 17
45N 45N X
40N 40N
3N 3N
3N 30N
25N 25N
20N 20N
1N T | T — T 1N 1 T

70E 80E 90E 100E 110E 120E 130E 140E T0E 80E 90E 100E 110E 120E 130E 140E

BT T e . 0 x<-0.003 0-0.003 < x<-0.002 o -0.002 < x<-0.001
-0.003-0002-0001 0 0.001 0002 0003 m> m™/10 a 0001 <x<0 ©0.002<x<0003 © x> 0003

B2 1981~1999 4F (4~10 H) PSRRI g0 + 3 B B i et ke (P47 m’ m™ (102) : (a) CLMA4.0 B H386 /% (0~9.06 cm); (b)
3RO SRR (0~10 em); () CLM4.0 B3R E (0~49.3 cm); (d) s HHEREE (0~50 cm)

Fig. 2 Spatial distribution of linear variation trends of simulated and measured mean SM for April to November of 1981-1999 (unit: m® m™ (10a)"): (a)
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Table 1
and measured monthly mean SM in each layer over the

The correlation coefficients between simulated

sub-regions

0~10cm 10~20cm 20~30cm 30~50cm 0~50cm
11X 018 -0.09 -0.26 —0.34 -0.2
2% 0437 035" 0.34" 0.3" 0.35"
3K 0237 023" 0.29” 0.32" 03"

Vi "RREIE T O5%MIME R, TRIREE T 99%KE ERK, R

* 2 BXEXRELRILERTFHELESWNENYS
RIZEFERRE (BA: m’m™)

Table 2 The RMSEs and biases between simulated and
measured monthly mean SM in each layer over the

sub-regions (unit: m*m™)

0~10cm 10~20cm  20~30cm  30~50cm 0~50 cm
RMSE fiiZ RMSE fi% RMSE fiiZ RMSE f{i% RMSE fiZ:
1 X 0.067 0.062 0.039 0.028 0.032 0.013 0.03 0.004 0.035 0.022
2[X 0.09 0.084 0.088 0.081 0.093 0.088 0.1  0.095 0.094 0.09
3[X 0.094 0.083 0.068 0.054 0.059 0.045 0.041 0.022 0.057 0.044

(RIS R |, 3 AR 0~10 cm F1 0~50 cm 15
SRR UL PRI 2R P AR Al fa A A — 3, 1
DX 2 DO AR FNASE DL AR P A J2 Ik 38 B
#, 3 OWIMEFIBMELE AN Z RN 2 B3I
e, B CLM4.0 X T[] - 458 R BEFNAN [ ] i) R
JE 14 5 K T 0 1 A e A L AT IR A B
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IR E R ELEL

NCEP ¥ < i ¥ 4k & 4t 1/ 4> #7  ( Climate
Forecast System Reanalysis, CFSR) H g &=
i HATR S R ] Ay A, T TR ) RUBE IR Ak
AT I NCEP f#53# 88 B () xr b, ]
DABGIER A RS S . INRJZ (] 6as b) K F,
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Table 3 Linear trend coefficients of simulated and measured SM over the sub-regions

SIS JY e i) R G TDNE'S
0~10 cm 0~50 cm 0~10 cm 0~50 cm 0~10 cm 0~50 cm
AL ey pURIL] HRA A [ED) PRl HRA ML [UED) A AR
1 X —0.15"  —0.13" —0.15"  —0.09 —0.19 —0.1 —0.17  —0.08 —034  —029 —027 —03
2 [X —0.05 —0.02 —0.1" —0.02 —0.06 —0.02 —0.11  —0.04 —02 —0.16 —028  —0.17
3 0.1° 0.14™ 0.02 0.14” 0.13 0.17 0.02 0.197 0.29 0.29 —0.02 0.32
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Fig. 6 Spatial distribution of CLM4.0 simulated, NCEP, and AMSR-E retrieved annual mean SM (unit: m* m): (a) CLM4.0 simulated SM (0-9.06 cm) for

1979-2009; (b) NCEP SM (0-10 cm) for 1979-2009; (c) CLM4.0 simulated SM (0—4.51 cm) in 2010; (d) AMSR-E retrieved SM in surface layer in 2010



PN
Chinese Journal of Atmospheric Sciences

508

38 %
Vol. 38

F, CLM4.0 A5o) i 3930 £ v [ X8 A 35870
[X . AMSR-E J 5 4 3830 B (e fw ok, I HL2s 18] L)
AAAE TR

4 PEXBIEEENNTEUR
H X SR 1L B9 A] REMR L2

AR &R LIRSS, SUEUE 2
VE R AREZTRU 5¢ LI IR 1 2S [) o Af . I
AR S FO AR AT BEMR Y, . F CLMA4.0 #5242
T 1961~2010 FH ZFEAFREE (0~9.06 cm, 9.06~
16.56 cm. 16.56~28.92 cm. 28.92~49.3 cm JZ. 0~
493 cm 22) HEEREE AR (EES . Sk L
Fo 52 TR R R N PE A M) AR R TG
A3k Ry o IR AR X 3 50 A 0 it
T HO A A S P X X S X K 2D,
TR, PSR (0~49.3 cm) 7E 0.2 DL
o ZRACTAJE L VLY M DRI ok - 398700 5 1 4
[ o IX G X R K AN ROK, P i R A
(0~49.3 cm) £ 0.35 DL L. PHIETFIX . FHrg Al
M P T R R B L R B 3G A s . 28.92~
49.3 cm 2 BRI g A R, A BBV LS
X AL, FoAd X - B AEISAE 0.3 BL B,
] - 3 R A b AR T R R R

Bl 7 IANFRR BRI 2 3 1961~2010 45
Z (6~8 ) Py LR E B e tEiE . Bk
B, ASRIRE I R 2 AR AT AR . B
PrEaPER AR AL X Ak, AN 2R N A
359N DAAb DAy /b 38k 32 0 30°N LLRG FIKTT i
HE T S VY R DX LS B DG kAo 32 Horh

55N

50N —
45N
N g L
35N
30N
25N

20N

15N

I ! T T I T
70E 80E 0E 100E 110E 120E 130E 140E

0.003-0002-0001 0 0,001 0002 0003 m° m~/10 a

0~49.3 cm JZ U I KHB /P X ARAL (2, R T ARk
B HX F eV R X . 35°N LUIB T
P R DX g R el A B A R TR R
IR W, UL R R RN, dby R R
ek R o T 7 R ke A i A v
T g, AR AW . CLM4.0 Bl E X
Bl N R G A A R S A 1R S (2008) (ST
SR8 diG B (1961~2010 4F) H =&
IR SRR AR AR (ERS TR KR
8 [ A G A3 I S B na g, FROKAE 35°N LA
JEBRFTEE . ARALER o M X 3G ks L AN, oA
X DAY /M3 s 359N BLRI YT HEHLX . K9T
T IR AN B K S IG nka #, VR o Hh X A 2
Bt X5 G I R B K AR LS AR
— 8 GRS, 20100, A8 H A% AR B 1) 7Y 5
T, CLMA4.0 Ul 38l i ma 3 T Bk A4k, b
J5 R T, MO TLHERR A H X . KT R
AR TR, I HARROIRZ X R AR R I
LR

P 1 R S 1 AR e A DL R S AN (] AR A B
FAR I N B A X e (Li et al., 2011),
I ELBCE A0, 1) - 38 6 T a3 vh R B K+
I3 U (Qian et al., 2006), A CEHL T 1961~2010
F 9 P AR A AR 23 BV LT R AR
JeF R X AL R SRR, 4 aie
1961~2010 4 3835 5 119 A8 A 3 B L6 B K AR
A R 3 7 o PR 8 kg 2R [X ST - I 1
(0~9.06 cm) FIERR Ml K 2% 5 10 1 1 /K AR
L T RIX R B M A GE

55N

50N

45N

40N

35N

30N

25N

20N

15N T T T T T
0E 8E  9E 100 10E  120E  130E  140E

0.003-0002-0001 0 0.001 0002 0003 m> m~/10 a

K7 1961~2010 47 (6~8 ) VB +HRE % CGRAZ: m* m™ (102)™): (a) 0~9.06cm; (b) 0~49.3 cm
Fig. 7 Spatial distribution of simulated mean SM linear variation trends for the summers (June—August) of 1961-2010 (unit: m® m™ (10 a) "): (a) 0-9.06 cm;

(b) 049.3 cm



3 g WU

No. 3

CLM4.0 #5520 o [ DR 3 3380 82 ) BB (B A0 B DAL AT 5T
LAI Xin et al. Numerical Simulation and Evaluation Study of Soil Moisture over China by Using CLM4.0 Model

509

120 0.15
() - [EKE 0.14
100 — 5 '
TR |y
£
= 41011 £
60 | i
o) 0.10
& B
40 1 0.09
_H
0.08
20
0 : ‘ ! ! ! ! ‘ 0.06
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006
Ay
800
(b) - EKE
700 — THEE 1 0.30
600 /\ /\/\A /\ A o
V A A Mo2s =
£ s V \/\/\'V v \_./\/ V'V P
I 400 1020
® B
¥ 300 1 0.15
200 H
100 0.10
0 0.05
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006
Ay
1400 0.34
© -k
1200 - —— BEEE )5,
M AN A .
T A S A A oo
E o
| 0.28 =
. i
§ 600 - %
0.26 =
400 B
200 0.24
0 0.22

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006

8 1961~2010 4EX
X

A
Z (6~8 J1) MM HIERE (0~9.06 cm) FHREZ KRB HLE: () THX; (b) PTHK; (o) @i

Fig. 8 Comparison of simulated summer (June—August) SM and forcing precipitation variation trends in typical regions for the period 1961-2010: (a) Arid

region; (b) semiarid region; (¢) humid region

T 99%(EHERIED, Bt Rm/NER. T RX
S B K SIS PRk N R A e X
JE SRR EILGS B Ik A . SR AN X 2
Bk, HTR5E TR, =
DX 3+ mﬁﬁhmiwmmfﬁfﬁf% o It
g X N R B K = A DG R
0.47, PTEIX K 036, St T 99%13E K .
THRIXAKRECN 0.16, M T 95%(5 KK . &
X BEKER, TR EAE S, BRI
MR N, IR R B KB,
TR X A A A A, I 2 [

IR AR BRAG, 52 8 Fh M . MR e Pk 555
IR (U, 2010), @ik B&H, 78R
BRI 50 R, CLMA4.0 AS4UL ) - S 1 K8 3 1
B K AR AL, ﬁ%wmmﬁ%mmm%,ﬁmgz

BUFOIFIT 45 B8l (A E 4%, 20000, A PEIL
T F X m%¥¥$EMmiT%,ﬁﬁﬂﬁE
Bk =, CLM4.0 AL+ 38 5 T 8K

AN FIRERERI N, Py b &S X AR e T
AR D, B X R R . X
55 DI BRI A FE A — 2, il X0 K
(RO 5 o Wk, FLUO T DR R X



N W 38 %

510 Chinese Journal of Atmospheric Sciences

Vol. 38

5 BEITiE

AR SR P AT 2% 1961~2010 4F (1 428K
KA R, K5 CLM4.0 Bidth, 3K45 7 [
X3 1961~2010 4F (1) 3R fE R4 . KBl
P50 . NCEP F4)#7fll AMSR-E J i + 383 J&
BT TR, IR0e T 3 B 1 i = AR e
TE R L S A AR R N o S5 80T

(1) AT 2 1) A RO 37 P R A
AT RS e e AR A R K R A [] 43 AT
I () AR Ak 34, nT LA 13K 3 CLMA4.0 X ] X 3
A B AR . il SO NCEP 14 #1
AMSR-E [ 38 - 380 55 1 L ek 3 A4 1, CLM4.0
AT DL sz Bt e ] X3 R R (1) 24 TR 43 AT R B
BACHFE . CLM4.0 f8 S il H U -+ 398308 FE 7 A=k
TEHER IS T30 5 S X, T M XA 3 5
AEIX (2 0] o3 A oo ZRAbS T[S H ORI i M
M ARPIME 2 T MMELE 0~10 cm. 10~20 cm.
20~30 cm J% 30~50 cm &AM 2RI RGN K
CLM4.0 1] LA s B AN ]9 B R AN ] B i) FRSE AN
TR B AR TR AN RN AN I ) R
by ZRAG S AT DOV FIASIAL ) 3 1) 5 gk
NER TTHERXOR 2 B3 niE s, B Tk
J2 A 2 M AR A A R L L T VR )
Biftle ZRdbilX 10 cm DA UL FIASALL -+ 158308 FE 11
AHOCPEAN 25, FLAd B 3 X 5% J2 VO R4 42,
R A AE DG AR IR S NCEP 14y
Bt IR I S W A A — 3, 5 AMSR-E J i
TR EEAE 35°N UG A B A —3L.

(2) M 1961~2010 £EHF[H X I H 7 (6~8 H)
R RO A5 AT A A5 AT ] X
- 3 B 2 1A 3 A AR TG B 1) 2R R I T
TR BRI E AR i HON R
ST o ARICP IR TV X RTS8
AP I o ] A A b AR TR
AN ARG b, NIRRT S 2
PEASA G ASTEAAR A o BT a8 PG S AN AR AL 43 X
Ah, & E IR ARG AR 35°N LALA b3k 1.
30°N DApg KV imik . A wg S vt g dth X 1 358 e i
DARG A A . 0~49.3 cm ZPHILAHE 3 Hi X 28
W, I HBEAERER I 35°N LIb+ 5. 2
T X R R N AR R O B AR
AREMITS 5 R, CLM4.0 AUl 5 2 1 358000 B A2 AN

[ R B b N2 T Ik 7 B v G PG DL AN B R K i
PL/D A, BT HERLX . KT R e
TR KB N AR AR o E P AL S A R X
AL 5 IR b, A T X 1
SV RE R o e rp IR XK AR K P i I g Ay
=, MHXRECHN 047, HUGEFTREXFTRX,
FHR R 54 0.36 F10.16.

SRR S R K 27 5 18 3 3R Bl ¥ CLM4.0
FEAREAE e it R ] X3 3 R 1) A ) 4 A A
I 25 ARARRAE, (EOGS BRI B (AT £E 3 RSt
PN =R e T SR E K O] TR AC/ TN ¢5)
Wit i i DL SR A B PR R AN e 3 5 K. [
NPV PRI Y Bee i d s d e = DAY 1 R DA Sl
(1 LA B AT A — 3k 55X A 9 1 398 55
M E AR — 8 1 o B DXL Bt ol 5 AR
K 27 R 1 1R e 7K S 7 K AR A i A 4 ) (i
b EORIE R N 2 — AN, TR UL () g
T35 0 a6 E R 770 R E0] v/ N i o =L O B A s e
BRI N A BIE . BN R R0, B
P EIER S IR B AR SRR 23 (1 7 2 725
S AL SR KA BAE A, iAo T K
fEg I RERGIA A TE 2 . IX LA ] e T BUSHLIT)
. BUAE F—2 0 T, AT &R
PR TR A v DX o T R K R SR B
WFFUBE S A T 38K o0 IE B (1 P B R o AT B X
SR EGEE, $EE CLMA4.0 ) o [ Xk - 39830 15 1)
UL RE

X3 Hk (References)

Asner G P, Wessman C A, Schimel D S, et al. 1998. Variability in leaf and
litter optical properties: Implications for BRDF model inversions using
AVHRR, MODIS, and MISR [J]. Remote Sens. Environ., 63 (3): 243—
257.

Bonan G B. 1996. A Land Surface Model (LSM version 1.0) for Ecological,
Hydrological, and Atmospheric Studies: Technical Description and User’s
Guide, PB-97-131494/XAB [R]. Climate Glob Dyn Div, National Center
for Atmospheric Research, Boulder, CO (United States). 1-150.

Chahine T M. 1992. The hydrological cycle and its influence on climate [J].
Nature, 359 (6394): 373-380.

[if L, REWIW], ¥bSCER. 2010. CLM 3.0 of v ] [ Jsk i o st 2 O A A0 ik
6 R PG T 3R [T S5 RE, 30 (5): 621-630.  Chen Haishan,
Xiong Mingming, Sha Wenyu. 2010. Simulation of land surface processes
over China and its validation Part I: Soil temperature [J]. Acta Meteor.
Sinica (in Chinese), 30 (5): 621-630.

Dai Y J, Zeng Q C. 1997. A land surface model (IAP94) for climate studies.

Part I: Formulation and validation in off-line experiments [J]. Adv. Atmos.



3 4] WURAE: CLMA4.0 8EA0] i ] X 3+ 398 R 1 B (AL Ul B VR A G AT 5
No.3  LAI Xin et al. Numerical Simulation and Evaluation Study of Soil Moisture over China by Using CLM4.0 Model 511

Sci., 14 (4): 433-460.

Decker M, Zeng X B. 2009. Impact of modified Richards equation on global
soil moisture simulation in the community land model (CLM3.5) [J].
Journal of Advances in Modeling Earth Systems, 1 (3), doi:10.3894/
JAMES.2009.1.5.

Dickinson R, Henderson-Sellers A, Kennedy P. 1993. Biosphere-
Atmosphere Transfer Scheme (BATS) Version 1 as Coupled to the NCAR
Community Climate Model [R]. NCAR Tech Note, NCAR/TN387 + STR,
1-77.

D’odorico P, Porporato A. 2004. Preferential states in soil moisture and
climate dynamics [J]. Proc. Natl. Acad. Sci. USA, 101 (24): 8848-8851.
Dorigo W A, Oevelen P, Wagner W, et al. 2011. A new international network
for in situ soil moisture data [J]. Eos, Trans. Amer. Geophys. Union, 92

(17): 141-142.

Dorigo W A, Xaver A, Vreugdenhil M, et al. 2013. Global automated quality
control of in situ soil moisture data from the International Soil Moisture
Network [J]. Vadose Zone Journal, 12 (3), doi:10.2136/vzj2012.0097.

KA, xR 2%, Wu Wanli. 2008. CLM3 #5481 1979~2003 4o [5 - 35
S R FL X A BRARIR ) W) B LY [J]. miJsl /5, 27 (3): 463-473.
Du Chuanli, Liu Xiaodong, Wu Wanli. 2008. CLM3-Simulated Chinese
soil moisture during 1979-2003 and its possible response to global
warming [J]. Plateau Meteorology (in Chinese), 27 (3): 463—473.

Flanner M G, Zender C S. 2005. Snowpack radiative heating: Influence on
Tibetan Plateau climate [J]. Geophys. Res. Lett., 32(6): L06501.

Flanner M G, Zender C S. 2006. Linking snowpack microphysics and
albedo evolution [J]. J. Geophys. Res. Atmos. (1984-2012), 111 (D12),
doi:10.1029/2005JD006834.

Flanner M G, Zender C S, Randerson J T, et al. 2007. Present-day climate
forcing and response from black carbon in snow [J]. J. Geophys. Res.,
112(D11): D11202, doi:10.1029/2006JD008003.

B, FRURIE, TN, 2004, CLM eV RIBEEARLRL )] 5%
274, 62 (6): 764-775. Huang Wei, Guo Zhenhai, Yu Rucong. 2004.
Numerical simulation of CLM over Huaihe basin [J]. Acta Meteor. Sinica
(in Chinese), 62 (6): 764-775.

RS, T 2007, ARCbHX B TR S AR B A5 (R I 4 2 AR AR
1. 5% %%, 27 (3): 259-265. Huang Yan, Ding Yuguo. 2007.
Temporal and spatial characteristics of summer soil moisture vertical
distribution in Northeast China [J]. Scientia Meteorologica Sinica (in
Chinese), 27 (3): 259-265.

R, S5, P, S 20100 35 47 AR LR BRI 4
B[] KW U SEREE, 19 (11): 1277-1282. Lai Xin, Fan
Guangzhou, Dong Yiping, et al. 2010. Analysis of summer daily
precipitation variation characteristics in China during 1961-2007 [J].
Resources and Environment in the Yangtze Basin (in Chinese), 19 (11):
1277-1282.

Lawrence D M, Slater A G, Romanovsky V E, et al. 2008. Sensitivity of a
model projection of near-surface permafrost degradation to soil column
depth and representation of soil organic matter [J]. J. Geophys. Res., 113
(F2), F02011, doi:10.1029/2007JF000883.

Levis S, Wiedinmyer C, Bonan G B, et al. 2003. Simulating biogenic
volatile organic compound emissions in the community climate system

model [J]. J. Geophys. Res., 108 (D21), 4659, doi:10.1029/

2002JD003203.

Li H B, Robock A, Liu S X, et al. 2005. Evaluation of reanalysis soil
moisture simulations using updated Chinese soil moisture observations
[7]. J. Hydrometeor., 6 (2): 180-193.

Y. 2010. [ X 35 AL AR 7T (D). EREE BT
AR L2478 . Li Mingxing. 2010. Modeling study on the
variation of soil moisture in China [D]. Ph. D. dissertation (in Chinese).
Beijing: Graduate University of Chinese Academy of Sciences.

Li Mingxing, Ma Zhuguo, Niu Guoyue. 2011. Modeling spatial and
temporal variations in soil moisture in China [J]. Chinese Science
Bulletin, 56 (17): 1809—1820.

SHAEE, BUAIAR, FRERK. 2000, HE 2R RO A R R A R L
SRR KR [J]. 5%, 58 (3): 278-287. Ma Zhuguo, Wei
Helin, Fu Congbin. 2000. Relationship between regional soil moisture
variation and climatic variability over East China [J]. Acta Meteor. Sinica
(in Chinese), 58 (3): 278-287.

Nie Suping, Luo Y, Zhu J. 2008. Trends and scales of observed soil moisture
variations in China [J]. Adv. Atmos. Sci., 25 (1): 43-58.

Njoku E G, Jackson T J, Lakshmi V, et al. 2003. Soil moisture retrieval from
AMSR-E [J]. IEEE Trans. Geosci. Remote Sens., 41 (2): 215-229.

Oleson K W, Niu G Y, Yang Z L, et al. 2008a. Improvements to the
community land model and their impact on the hydrological cycle [J]. J.
Geophys. Res.-Biogeosci., 113 (G1), doi:10.1029/2007JG000563.

Oleson K W, Bonan G, Feddema J, et al. 2008b. An urban parameterization
for a global climate model. 1. Formulation and evaluation for two
cities [J]. Journal of Applied Meteorology and Climatology, 47 (4): 1038—
1060.

Parkinson C L. 2003. Aqua: An Earth-observing satellite mission to examine
water and other climate variables [J]. IEEE Trans. Geosci. Remote Sens.,
41(2): 173-183.

Qian T, Dai A, Trenberth K E, et al. 2006. Simulation of global land surface
conditions from 1948 to 2004. Part I: Forcing data and evaluations [J]. J.
Hydrometeorol., 7 (5): 953-975.

TrPHk, skakt, LR, 2007. ] AMSR-E (R8T 135
MRS [ PR K2 2R, 36 (1): 262-265.  Qiao Pinglin,
Zhang Jixian, Wang Cuihua. 2007. Soil moisture retrieving by AMSR-E
microwave remote sensing data [J]. Journal of China University of
Mining & Technology (in Chinese), 36 (1): 262-265.

Ramankutty N, Evan A T, Monfreda C, et al. 2008. Farming the planet: 1.
Geographic distribution of global agricultural lands in the year 2000 [J].
Global Biogeochemical Cycles, 22 (1): GB1003, doi: 10.1029/
2007GB002952.

Robock A, Vinnikov K Y, Srinivasan G, et al. 2000. The global soil moisture
data bank [J]. Bull. Amer. Meteor. Soc., 81 (6): 1281-1299.

Sakaguchi K, Zeng X B. 2009. Effects of soil wetness, plant litter, and
under-canopy atmospheric stability on ground evaporation in the
Community Land Model (CLM3.5) [J]. J. Geophys. Res., 114 (D1), doi:
10.1029/2008JD010834.

Seneviratne S I, Corti T, Davin E L, et al. 2010. Investigating soil
moisture-climate interactions in a changing climate: A review [J].
Earth-Sci. Rev., 99 (3): 125-161.

Sheffield J, Goteti G, Wood E F. 2006. Development of a 50-year



N W 38 %

512 Chinese Journal of Atmospheric Sciences

Vol. 38

high-resolution global dataset of meteorological forcings for land surface
modeling [J]. J. Climate, 19 (13): 3088-3111.

U S National Research Council. 1994. GOALS (Global Ocean—
Atmosphere-Land System) for Predicting Seasonal-to-International
Climate [M]. Washington D C: National Academy Press, 103.

Wang A H, Lettenmaier D P, Sheffield J. 2011. Soil moisture drought in
China, 1950-2006 [J]. J. Climate, 24 (13): 3257-3271.

Wen J, Su Z B. 2003a. The estimation of soil moisture from ERS wind
scatterometer data over the Tibetan plateau [J]. Physics and Chemistry of
the Earth, 28 (1): 53-61.

Wen J, Su Z B. 2003b. A time series based method for estimating relative
soil moisture with ERS wind scatterometer data [J]. Geophys. Res. Lett.,
30 (7), 1397, doi:10.1029/2002GL016557.

Wen J, SuZ B, Ma Y M. 2003. Determination of land surface temperature

and soil moisture from tropical rainfall measuring mission/microwave

imager remote sensing data [J]. J. Geophys. Res., 108 (D2), ACL 2-1—
ACL 2-10.

REWANA, BRdgLL, AT#% 2011, CLM3.0 b v [ B S5l T iof PR A RSB0
VG I B 7], A% R, 31 (1): 1-10.  Xiong Mingming,
Chen Haishan, Yu Miao. 2011. Simulation of land surface processes over
China and its validation. Part I[: Soil moisture [J]. Scientia
Meteorologica Sinica (in Chinese), 31 (1): 1-10.

Zeng X, Decker M. 2009. Improving the numerical solution of soil
Moisture—Based richards equation for land models with a deep or shallow
water table [J]. J. Hydrometeor., 10 (1): 308-319.

TKRICH, FIRZE, S, 2008 b E RHER A S AN L 2 FhEE
BHA R [0, KAF#, 32(3): 581-597. Zhang Wenjun, Zhou
Tianjun, Yu Rucong. 2008. Spatial distribution and temporal variation of
soil moisture over China Part I: Multi-data intercomparison [J]. Chinese

Journal of Atmospheric Sciences (in Chinese), 32 (3): 581-597.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


