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i 22 /°C
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0.97 0.98 0.99 0.99 0.99 1.0 1.0 1.0
0.76 1.06 0.87 0.81 0.67 0.09 0.08 0.0
1.92 1.67 1.32 1.25 0.98 0.29 0.42 0.07

0.07 0.01
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Fig. 5 Comparison of the simulated and observed daily mean soil temperature at BJ site.

Dashed line represents x =y, solid line represents fitting line
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Fig. 9 Time cross-section of soil moisture with

depth change at BJ site. Unit; V« V!,

2003-08-01

(a) the observed, (b) the simulated

5 Lhip ke

FIH SHAW #i & CAMP/ Tibet I iy H X
BJ 34 2002 4E 8 J1 1 H—2003 4E 8 J] 31 H Ay Wi
TRk X i T b 2R R A X R R R AE HEAT
TS 0T, BEILT S5

(1) X 8 J2 AN B+ 8 Ik B 1 A5 40U 1 UL
DA A8 T XF gt MOCREHRAE 0. 97 DL |, (w25
FEL.06°CLAN . BEE TR EEXS N, 4 3 B i B 400 2%
RARLE, 100 em K LAR 8838 F e 100 em DL+
BER EARIAY -, 160, 200 1 250 cm 3R A
BRI 2 LT A . B BRI &
K B A TR R BADLE HOUL I R W D K
X B M R A HGE B AL R K S . 60 em
DA A g 0 9 2 B R ) R AR
Al T 3PP AU . DAL I 4 R R B e ) A
R T E W, BT 1 H 18 HAI 19 H, Bpffife
IR R K, 4 em DL B R AT
THRICRAS s X 52 43 R A8 40 %1 5 1 VR R 796 26
AKX,

(2)  BEAPLRY + 0 BE EA | RE 6% 1 B 1 K
3 B B[] £ S B A8 b e # (R RS UL(E 5 00 D A 1) 22

SRR 4 em IR B B b, M OC R ECH
0.95, fZEN—0.02m* e m *, 4 cm 1 20 cm 1 4
T B2 TE 52 42 VR 45 390 A9 RS DL(EL RO (W) 5 s
T - VR S5 R0 R A IR R R e . S B
W FE A VRS W R /N i HOBIHER T A 1
Fil i IF R 38 DR H 4R ET . 30 cm AT 60 em - JER
FETER . B ZE BRI /55 T AE 5 A% =0 b o 8 4 11
RF 7K BB 77 B ADU I A G

(3) A2 HE IR R AR 0 B0 X B K 2 AR R
BB A o PR R LI 2 5 e A5 X 9 R S R A
SR DR BT SRR VR R AR R
Wi, ARBEIBL L 60 em DL E+IFEEX 1 H 1
H B — W RS 2+ U . B, ARScegR
FHOIR M 5 0l 24 2200 43 B K BEoRMC A B o, AR
THHER I OLE 2, (AR R 2. X HE R
20 2 2 IR R AR AR AR A R 22 BT
LLME S 14 B K BB g It g i | R R AL T
o3 B .

AR ST A S R AR AELAR S 00 R 2 R
— 7. TR RN H R R L, AEREK
. M ERAERE . RIS, R RS, i H oK 4
A B S S (RS AR A i i o AR A K X
HEAT T 4 A A 32 R At Y T AT e — D ME R s D —
D7, A R 0 PR AR . A R — A
AR EER RS AR R R T &R )2 LT
AP AR S A B B R RAG B 5 g Jt  HE h k
A B T Ry A v O OR B TR R A A
SNl =N £ 7 NP LIS (T 8 N T U Y i Wi
SR ) IO 2 . 7 2 O I B el

5% Uk

(1] ZhiemE, #AAR, 2o, RIS 5 5328k 56 R o
RS T, M ERRLEBERE . 1999, 14(3) . 300—305.

[2] Vinnikov K Y. A Robock, N A Speranskaya, et al. Scales of
temporal and spatial variability of midlatitude soil moisture
[J]. J Geophys Res, 1996, 101(D3): 7163—7174.

[3] Namias J. Persistence of mid-tropospheric circulations between
adjacent months and seasons[ C]. Rossby Memorial Volume,
Rockefeller Institute Press and Oxford University Press,
1958 240—248.

[4] Namias J. Surface-atmosphere interactions as fundamental
causes of droughts and other climatic fluctuations[ CJ. Arid
Zone Research, Vol 20. Changes of Climate Proc of Rome
Symp, UNESCO. 75700 Paris, France, 1963: 345—359.

[5] Yang Meixue, Yao Tandong, Gou Xiaohua, et al. Water re-

cycling between the land surface and atmosphere on the North-



1376 [

R

29 &

ern Tibetan Plateau— A case study at flat observation sites[ ] ].
Arctic, Antarctic, and Alpine Research, 2007, 39(4). 1—5.

[6] Walker J, P R Rowntree. The effect of soil moisture on circu-
lation and rainfall in a tropical model[ J]. Quart ] Roy Metor
Soc, 1977(103): 29—46.

[7] Koster R D, M ] Suarez, M Heiser. Variance and predictabili-
ty of precipitation at seasonal-to-interannual time scales[J]. J
Hydrometeorology, 2000, 1. 26—46.

[8] Shukla J, Y Mintz. Influence of land-surface evapotranspira-
tion on the earth’s climate[ J]. Science, 1982, 215; 1498 —
1501.

[9] Dirmeyer P A. Using a global soil wetness dataset to improve

seasonal climate simulation[J]. J Climate, 2000, 13 (16):

2900—2922.
CL0] WHE5IE, @i, FRm IR %EIM] dnt: B2l s,
1979.

[11] /i, 255, 7 i 4 75 25 35 a6 00 AR 0 B 28 RSO T 3 il
M BUE BT ], RG24, 1994, 5(4): 385—393.

(12 SRybME. 22T, 7596 e it B b o 37 9 B2 2 XU it A Y 0 2 £
BEAILT]. SRS, 1995, 14(4); 425—433.

[13] Brmidn ., BiitAe. 7 80m A 2= BT 50 0 9 2 XU R K 32
W AR EIR IR [T]. B RAR . 1996, 15(1) . 122—121.

[14] £, REM, J7H 4. 58583 178 T 131
IR )], S RAA . 2008, 27(1D): 1—9.

[15] F4hE, ARG, BEK, 5. hEE LM dbat: B4R
#t. 2000: 44—299.

[16] Yang Meixue, Yao Tandong, Gou Xiaohua. The soil moisture
distribution, thawing-freezing processes and their effects on
the seasonal transition on the Qinghai-Xizang(Tibetan) plateau
[J1. J Asian Earth Sci, 2003, 21: 457 —465.

(17] Ewig, #CA, FEN. FRSEEHHRBLRSRE LR
iR M se [J]. sk 2 4 Hi, 2003, 46(3): 309 —
316.

(18] KT, Rfar, B, &, HLBmSHL T RS R REKX
B RR AL IR 1. 2003, 25 (5): 541—546.

[19] Mg, WRREAR, A RAR. 35 JRU2N I 2 4 8 0% v i i 72 ok
HOIARFELT ). A RBLAEIERE . 2000, 10 (5): 443—450.

[20] PNABUIS . Sxak . Bl 1o 5k AR S OBF 5 b B9 JLAS Rl (T ], R
R GAR, 1997 51—57.

[21] L@, 30N, TR0 R 4 e mlod 72 2 80tk o
FERLI]. HERFLARERE . 2002, 17(1) . 45—51.

[22] Zhang Yu, Lii Shihua. Development and validation of a simple
frozen soil parameterization scheme used for climate model[ J].
Adv Atmos Sci, 2002, 19(3): 513—527.

[23] Luo L F, A Robock, K Y Vinnikov, et al. Effects of rozen
soil on soil temperature, spring infiltration and runoff: Results
from the PILPS 2 (d) experiment at Valdai, Russia[J]. ]
Hydrometeorology, 2003, 4(2): 334—351.

[24] Bowling L. C, D P Lettenmaier, B Nijssen, et al. Simulation of
high latitude hydrological processes in the Torne-Kalix basin:
PILPS Phase 2(e) 1. Experiment description and summary in-

tercomparisons[ ] |. Global Planet Change, 2003, 38: 1—30.

[25] A5, skPEEh, XVIGEHE. 75 80w 5L 74 A8 b 3 P i 1) % i T G
S8 T R WIERE, 2008, 27(4): T19—726.

[26] 2=l FhBOSY. WRH IR et fk SR )], ek A2 i e,
2006, 21(12) . 1339—1349.

[27] Zoff . IMEUF. S0 Y L HEK AR % i R A5 280 1Y K Joe A sl 3t
22[J]. hEB2E, 2007, 37(11); 1522—1535.

(28] fkHauk, Biibfe, 20, 45, )47 9 I ok £ ok B 00 50l
MO, BSR4, 2003, 22 (5): 471—477.

[29] Gao Zhiqiu, N Chae, ] Kim, et al. Modeling of surface energy
partitioning, surface temperature and soil wetness in the Ti-
betan prairie using the simple biosphere model 2(SiB2)[]J]. J
Geophy Res. 2004, 102: D06102. doi: 10. 1029/
2003JD004089.

[30] sRttham, Tk, . 5. 7 5 m R 3K ST B AU F 5
(D« L] WIS . 2004, 26(4): 385—388.

(310 ko, T, yuafd, 55, 7 e HEK P 7248 LR 58
AD: R L] v+, 2005, 27(1): 95—99.

[32] Eveife. 75 7 J5U 04 #0 ili 1e ok R 4 AR A9 B0 43 BT LT 0. ok Ik
+. 2007, 29(1): 73—81.

[33] Eie, WWBL, Z2db. 55 5005 J5 0 0 v fl 400 Bl v 2o 2 9 5 4
Al ERA G, 2008, 27(2): 240—248.

[34] BHfrge. BibfE, k5. 45, Col.M x5 5l & JL b 4% BJ
il T o R Y RO BT ). s R, 2008, 27(2): 259 —
271.

[35] Flerchinger C L, C L. Hanson. Modeling soil freezing and tha-
wing on a rangeland watershed [ J ]. Transactions of the
ASAE, 1989b, 32(5): 1551 —1554.

[36] Flerchinger G N, C L. Hanson, ] R Wight. Modeling evapo-
transpiration and surface energy budgets across a watershed
[J]. Water Resources Res, 1996b, 32(8): 2539—2548.

[37] Flerchinger G N, M S Seyfried. Modeling Soil Freezing and
Thawing, and Frozen Soil Runoff with the SHAW Model[ C].
International Symposium on Physics, Chemistry, and Ecology
of Seasonally Frozen Soils, 1997, Fairbanks, Alaska.

[38] ShARAM. Wiy, 2R, A5, 75 0m i b 3l 22 R 1 IX o 3 g
B A B AT ] R RS, 2009, 28(5): 978—987.

[39] Kang Ersi, Cheng Guodong, Song Kechao, et al. Simulation
of energy and water balance in soil-vegetation-atmosphere
transfer system in the mountain area of heihe river basin at
hexi corridor of northwest China[J]. Science in China (D),
2005, 48(4) . 538—548.

(400 Mk, A4 €. TR, 3T SHAW A A /N3 B 1
BEILT]. EZS %4, 2005, 25(7): 1626—1634.

(4170 murm s, BT SHAW AR 8 4 i i 2 1 52 X R H 4 ek 43
EHABLT]. Rl TR 4R . 2007, 231D 1—7.

[42] Z50F. Vb - ek $hhis 8 #L A B SHAW £ R A 0 B 5%
[D]. gl Rl K24 s 3¢, 2007,

[43] B g, sk, BtAe, 3 v R vb S 4 o w2 A U0 ) s
PULTD. vk L, 2008, 30(2); 234—243.

[44] Ma Yaoming, O Tsukamoto, Wang Jiemin, et al. Analysis of
aerodynamic and thermodynamic parameters on the grassy

marshland surface of Tibetan Plateau[ J]. Progress in Nature



6 19 FRARMRAE . SHAW X 55 58 e S

AR R R X R L R 1377

Science, 2002, 12 (1).: 36—40.

[45] Sellers P J, SO Los, CJ Tucker, et al. A revised land surface
parameterization (SiB2) for atmospheric GCMs. part II; The
generation of global fields of terrestrial biophysical parameters
from satellite data[J]. J Climate, 1996, 9: 706—737.

[46] F 8%, sk, E/AT, . 22 T80 B R AR
MR BB, 2004, 27(2) : 200—209.

(470 Biife il PhHRD. 75 70w B 0 s <SS el B o Bl e [T .
ERA 4, 2005, 24(1): 9—15.

[48] taMgsy, WAMWIMR, EHA, 55, @A e F L8 R R e L) .

HFRAFZE, 1999b, 18(3): 313—317.

[49] Yang Meixue, Yao Tandong, Gou Xiaohua, et al. Diurnal
freeze/thaw cycles of the ground surface on the Tibetan Plat-
eau[ J]. Chinese Sci Bull, 2007b, 52(1); 136—139.

[50] Guo Donglin, Yang Meixue, Wang huijun. Sensible and latent
heat flux response to diural variation in soil surface tempera-
ture and moisture under different freeze/thaw soil conditions in
the seasonal frozen soil region of the central Tibetan Plateau
[J]. Environ Earth Sci, 2011, inpress, DOI; 10. 1007/s
12665-010-0672—6.

Simulation of Soil Temperature and Moisture in Seasonally
Frozen Ground of Central Tibetan Plateau by SHAW Model

GUO Dong-lin' 2,

YANG Mei-xue'

(1. State Key Laboratory of Cryospheric Sciences , Cold and Arid Regions Environmental and Engineering Research Institute ,

Chinese Academy of Sciences, Lanzhou 730000, China;

2. NansenZhu International Research Centre , Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: Using the Simultaneous Heat and Water

(SHAW) model and the observed data at BJ site

from CEOP Asia-Australia Monson Project on the Tibetan Plateau (CAMP, 2001 —2005) during 1 August

2002—31 August 2003, the soil temperature and moisture characteristics in seasonal frozen soil region of

central Tibetan Plateau have been predicted. The simulated lower-layer soil temperature is superior to the

upper-layer soil temperature, The simulated soil temperature at 250 cm is quite close to the observed val-

ue. The simulated soil temperature is larger than the observed result during winter and spring due to large

simulated net radiation and soil heat flux. The simulated soil moisture embody basically temporal change

trend of soil liquid water content, but the deviation between the simulated and observed is large. It is diffi-

cult for land surface model to simulate reasonably soil moisture due to complexity of water phase transition

and multi-control of soil moisture.

Key words: Tibetan Plateau; SHAW model; Soil temperature and moisture



