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Fig. 1 The location and vegetation regionalization of the Tibetan Plateau
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Fig.3 Spatial patterns and probability density of the multi-year mean soil moisture on the Tibetan Plateau in different seasons
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Fig. 4 The multi-year changes of the soil moisture and their spatial patterns on the Tibetan Plateau in different seasons
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Fig. 5 The spatial pattern and the proportion of different subregions for considered continuous 3-month subsets
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Fig. 6 The share of different soil moisture regimes in different seasons

JEF LK Fr i, IR AR R, KBRS S RN, BE R 2 HUAR i A A B
RZ, A0, (HBUN; SIAMETRB X BPEEE, M TIRR &I, Bk, =5hrHE
k&S R LK) 2 0 A, i X AZ K S Bl B2 i, 3K & AR A e
4.4 FE RIS 1K HINE AL

3K 33 2 5 M 2R ORI T e R R . T O TR SRS T 2
KRN KPR M a5, R EHOK A S8 kR 2 M BA R (B EH0Kks)
SRR RN KRS T T PR B 08T, 25 A KIS A SRR A
eI R OR S . &2, AN SR0HE L K ra S MU AR MO X i T 30K 0 & i
Z, HXRMTHRAERE . HE, 28 F0 3K 5 N 78 28 Bl Al b 22 A8 2
R Bk, 78K RN KA A 0 76 25 (8] T ARAB B, bR DX R g6 = D v b
TRURRPE R, (H PR b DX P SR B PR AT BB AN RS — B, 7R T s SR PR L, 28R
XoF A K 43 o7 50 T g R T AR R ORAR S, (RIS AT A AA £7 0 vk 25 Rk (i e 1 438K
e, WAL AR AR, ATRESE T IS B K A K A S
fr, [FIREAE SRR ARG, MBS R RE R . BT, BARX 5K
Wi o 7EAS [ X AR AL 22 SR K, YRR 3 mY/m’ 24, Ui AN [R) 3 2 78 25 2 AU Ip sk
TH IR AN, ATREE T UL IRAR, 2R R RS IR A A 2
4.5 IEHESKIBXF 2 & A0

P18 Ay 7 9 1 S A ) 2 AR X 28 2% i ] () BB M S TB) o A, . B ZRSER
SIRAZER R R R E AR, LFRATA BRI HLIX S5, R H X R 7
KKF; MAERKEE, e A AR TR X AR B IEA G R, S RAAR
—E, W EMH LR HE N TR, IR 78R 0 AU S A S T R R



13] TRHRE 2 ¢ 55 R e I MK 0 A8 T AT TRl U 52 ) 91

e PS== f f=s
10.0- . .

IR IS Bl I S

0 o,
2.5- |
——— — -3 T R R S
MW B A WM B R W
" B h e
54 4 : . ] |
3 ; :
4 61
s L N % %
21 . o] |
1-

| Cm— R
0 2 4 6 8 10 FB M B R FB MR B R
FER AN LKA L (m/m?)
7 7 R SN I 2 e AR AR 28 AR+ K G i

Fig. 7 The response of evaporation rate to soil moisture in the transitional regime on the Tibetan Plateau in different seasons
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Fig. 8 The response sensitivity for air temperature to evaporation rate on the Tibetan Plateau in different seasons
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e mAk mf R

TG e AN ] 2

H

fréﬁ #ﬂs B HE

Tl T IR K S35



94 i B 2E 75%:

ZERREG RO E iR Z R AR UM XA S RO B, il il LATE
WFFERITIEY, ASCH BB AR T5 . B, HRd R, HRd R, ot
RN ) i DX P AR 2Z [5G AR, RO TR BORZS AAs st AT o fr o B |,
THOK M Z, FRFRWSER, BoRPeE R, M, DGR, RARE
B R SR, 7R IR 2 A RN BT A R T, R BRI,
S e DS R 2R R i DX, RO B 2 A R R G R, X 5 e AN S — B
Schwingshackl S\ B HE AR B 19 22 57 W] 2 P B RAFE DR 22, [l BB AR IR
AT X K o 528 K AR Z [ AR A L 2 i P 45 R 5 X — BE R — 3

6

A SCH I NCEP-CFSR [RfE&a 4, 3K 7 X s i GRS e A LB e, F2 22
T TOITE X NS AR X . 2719 H K 528 A A M IR A AL oK it i 2%
BICR I RS 2 i TR R, TS A T — 2R X R S L S A2 f 3 b5
XK AEIA AR FFTEAERE .

(1) B g B AN ) I 301 - MK 732 (1) o3 A AR — 20, B PG bt DR S i e 1 bk
b, RS B RS o i Al . ph 7R 1) DU R A s R U DA A T R X
W, MR XA TR A R AR R . AR DRSS, SRR+
ORISR PR S, RVISGA ARG M ik SR A K SRR R T

(2) 77 ol i B2 R0 M X+ R P 578 R AR RAL TR BOIRAS , Hh R
AP HRR L IX 2AFAL TR PORES , MSGAAR M LA T 50IRES; AT
JE— R PR 285 ) DXl A A 7 e PG R

(3) BRIEEEIX AL, a7 b 1A X 28 e 3 R AR AR 220 B (R, LA A 8 URR
Py A S P M R 28 O A SO AR, FE R R, AR R A 2 8] o A S
B IX 2, P = N 5 28 S AR B A S 5

(4) FERKZ=, 3w IR 37 o3 A i 17 B3R P it X O TR A5 o, SRR M IX Dy
B, SHIRIERAR 2, TR IR 3K 73 B I oz A 4% 2
w5, EEFREHSMERBN, HPEL . & EEN0RG. 75, AR
it DIl AR X K 3 A UM 22 S AR R

5% L Hf (References)

[ 1] Schwingshackl C, Hirschi M, Seneviratne S 1. Quantifying spatiotemporal variations of soil moisture control on surface
energy balance and near-surface air temperature. Journal of Climate, 2017, 30(18): 7105-7124.

[2] Dirmeyer P A. The terrestrial segment of soil moisture-climate coupling. Geophysical Research Letters, 2011, 38(16):
2011GL048268.

[3] Zhang Renhe, Liu Li, Zuo Zhiyan. Variations of soil moisture over China and their influences on Chinese climate.
Chinese Journal of Nature, 2016, 38(5): 313-319. [TK AR, XIS, A, v [ 3K 43 728 S B HC R v [ A
Wi, ARARA, 2016, 38(5): 313-319.]

[4] Climate Research Committee, National Research Council. GOALS (Global Ocean- Atmosphere- Land System) for
Predicting Seasonal-to-Interannual Climate: A Program of Observation, Modeling, and Analysis. Washington: National
Academies Press, 1994.

[5] Koster R D, Dirmeyer P A, Guo Z, et al. Regions of strong coupling between soil moisture and precipitation. Science,
2004, 305(5687): 1138-1140.



134 JURHRE 45 - 75 B i SR 23 A8 A T T T ) S 95
[6] Seneviratne S I, Luthi D, Litschi M, et al. Land-atmosphere coupling and climate change in Europe. Nature, 2006, 443

[9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(7108): 205-209.

Orth R, Seneviratne S 1. Variability of soil moisture and sea surface temperatures similarly important for warm-season
land climate in the Community Earth System Model. Journal of Climate, 2017, 30(6): 2141-2162.

Seneviratne S I, Corti T, Davin E L, et al. Investigating soil moisture- climate interactions in a changing climate: A
review. Earth-Science Reviews, 2010, 99(3/4): 125-161.

Koster R D, Guo Z, Dirmeyer P A, et al. GLACE: The global land-atmosphere coupling experiment. Part I: Overview.
Journal of Hydrometeorology, 2006, 7(4): 590-610.

Koster R D, Mahanama S P P, Yamada T J, et al. The second phase of the global land-atmosphere coupling experiment:
Soil moisture contributions to subseasonal forecast skill. Journal of Hydrometeorology, 2011, 12(5): 805-822.

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

Wu L, Zhang J. Asymmetric effects of soil moisture on mean daily maximum and minimum temperatures over eastern
China. Meteorology and Atmospheric Physics, 2013, 122(3/4): 199-213.

Santanello J J A, Peters-Lidard C D, Kumar SV, et al. A modeling and observational framework for diagnosing local
land-atmosphere coupling on diurnal time scales. Journal of Hydrometeorology, 2009, 10(3): 577-599.

Lorenz R, Jaeger E B, Seneviratne S I. Persistence of heat waves and its link to soil moisture memory. Geophysical
Research Letters, 2010, 37(9): 384-397.

Zampieri M, D'Andrea F, Vautard R, et al. Hot European summers and the role of soil moisture in the propagation of
mediterranean drought. Journal of Climate, 2009, 22(18): 4747-4758.

Hirschi M, Seneviratne S I, Alexandrov V, et al. Observational evidence for soil-moisture impact on hot extremes in
southeastern Europe. Nature Geoscience, 2011, 4(1): 17-21.

Mueller B, Seneviratne S 1. Hot days induced by precipitation deficits at the global scale. Proceedings of The National
Academy of Sciences, 2012, 109(31): 12398-12403.

Ruosteenoja K, Markkanen T, Venildinen A, et al. Seasonal soil moisture and drought occurrence in Europe in CMIP5
projections for the 21st century. Climate Dynamics, 2018, 50(3/4): 1177-1192.

Hauser M, Orth R, Seneviratne S 1. Role of soil moisture versus recent climate change for the 2010 heat wave in
western Russia. Geophysical Research Letters, 2016, 43(6): 2819-2826.

Seneviratne S I, Wilhelm M, Stanelle T, et al. Impact of soil moisture-climate feedbacks on CMIPS projections: First
results from the GLACE-CMIP5 experiment. Geophysical Research Letters, 2013, 40(19): 5212-5217.

Seneviratne S I, Donat M G, Pitman A J, et al. Allowable CO, emissions based on regional and impact-related climate
targets. Nature, 2016, 529(7587): 477-483.

Douville H, Colin J, Krug E, et al. Midlatitude daily summer temperatures reshaped by soil moisture under climate
change. Geophysical Research Letters, 2016, 43(2): 812-818.

Lorenz R, Argueeso D, Donat M G, et al. Influence of land- atmosphere feedbacks on temperature and precipitation
extremes in the GLACE-CMIPS5 ensemble. Journal of Geophysical Research: Atmospheres, 2016, 121(2): 607-623.
Gallego- Elvira B, Taylor C M, Harris P P, et al. Global observational diagnosis of soil moisture control on the land
surface energy balance. Geophysical Research Letters, 2016, 43(6): 2623-2631.

Miralles D G, Teuling A J, Van Heerwaarden C C, et al. Mega-heatwave temperatures due to combined soil desiccation
and atmospheric heat accumulation. Nature Geoscience, 2014, 7(5): 345-349.

Dirmeyer P A. Trends in land-atmosphere interactions from CMIPS5 simulations. Journal of Hydrometeorology, 2013, 14
(3): 829-849.

Badgley G, Fisher J B, Carlos Jiménez, et al. On uncertainty in global terrestrial evapotranspiration estimates from
choice of input forcing datasets. Journal of Hydrometeorology, 2015, 16(4): 1449-1455.

Mueller B, Seneviratne S I. Systematic land climate and evapotranspiration biases in CMIPS simulations. Geophysical
Research Letters, 2014, 41(1): 128-134.

Fan Keke, Zhang Qiang, Sun Peng, et al. Variation, causes and future estimation of surface soil moisture on the Tibetan
Plateau. Acta Geographica Sinica, 2019, 74(3): 520-533. [YURFEF, akam, FMIG, 5. 55K = B2 + oK A L 2 m A
T BASR . MR, 2019, 74(3): 520-533.]

Zeng J, Li Z, Chen Q, et al. Evaluation of remotely sensed and reanalysis soil moisture products over the Tibetan

Plateau using in-situ observations. Remote Sensing of Environment, 2015, 163: 91-110.



9 i B 2E 75%:

[31] BiH, MaJ, Zheng W, et al. Comparison of soil moisture in GLDAS model simulations and in situ observations over the
Tibetan Plateau. Journal of Geophysical Research-Atmospheres, 2016, 121(6): 2658-2678.

[32] Wan Guoning, Yang Meixue, Wang Xuejia, et al. Variation in soil moisture at different time scales of BJ site on the
central Tibetan Plateau. Chinese Journal of Soil Science, 2012, 43(2): 286-293. [J7 [E T, ##f2F, T 244, 55, i m R
HHET B 3t LS R AN R N ) RUBE PR A2 4. 3BT, 2012, 43(2): 286-293 ]

[33] Yang Jian, Ma Yaoming. Soil temperature and moisture features of typical underlying surface in the Tibetan Plateau. Journal
of Glaciology and Geocryology, 2012, 34(4): 813-820. [#filt, Eh W, H ity Jt i 0 £ )+ SRR ARAE. 7K1k
1+, 2012, 34(4): 813-820.]

[34] Shi Xiaokang, Wen Jun, Wang Lei, et al. Application of AMSR-E brightness temperature data in observation and
simulation of soil moisture variation over Northeast Plateau. Plateau Meteorology, 2010, 29(3): 545-553. [ 52/, 3¢
7, Ti, . AMSR-E T3 52 3 P B0l 16 15 V5 R 370 - 3 B L AL g 1 . i B4, 2010, 29(3): 545-
553.]

[35] Fan Keke, Zhang Qiang, Shi Peijun, et al. Evaluation of remote sensing and reanalysis soil moisture products on the
Tibetan Plateau. Acta Geographica Sinica, 2018, 73(9): 1778-1791. [{uRMR}, 5koE, s %=, 25 LT 11 5L 8 A4
BT RS 1) R e J S B S VA 224, 2018, 73(9): 1778-1791.]

[36] Editorial Board of the Vegetation Atlas of China, Chinese Academy of Sciences. Vegetation Atlas of China. Beijing:
Science Press, 2001. [ FER}2 5 b AR B P A 22 01 2. v BRI 4R JEt: Bl bt 2001,

[37] Bao X, Zhang F. Evaluation of NCEP-CFSR, NCEP-NCAR, ERA-Interim, and ERA-40 reanalysis datasets against
independent sounding observations over the Tibetan Plateau. Journal of Climate, 2013, 26(1): 206-214.

[38] Hodges K I, Lee R W, Bengtsson L. A comparison of extratropical cyclones in recent reanalyses ERA-Interim, NASA
MERRA, NCEP CFSR, and JRA-25. Journal of Climate. 2011, 24(18): 4888-4906.

[39] Saha S, Moorthi S, Pan H, et al. The NCEP climate forecast system reanalysis. Bulletin of the American Meteorological
Society, 2010, 91(8): 1015-1057.

[40] Sun Rui, Liu Changming. A review on research of land surface water and heat fluxes. Chinese Journal of Applied
Ecology, 2003, 14(3): 434-438. [V, X B W], HbZR/K Pl b oe i J|g. I A28 2%41), 2003, 14(3): 434-438.]

[41] Lai Xin, Wen Jun, Fan Guangzhou, et al. Improvement of soil moisture simulation over Chinese main land by LDAS-
IAP/CAS-1.0. Plateau Meteorology, 2017, 36(3): 776-787. [#Uik, SC4=, S5V, 45, JLTfi i Bodis [l £k 2 ge e b o [
DI K A IR 5T 7 B4, 2017, 36(3): 776-787.

[42] Koster R D, Schubert S D, Suarez M J. Analyzing the concurrence of meteorological droughts and warm periods, with
implications for the determination of evaporative regime. Journal of Climate, 2009, 22(12): 3331-3341.

[43] Shi Lei, Du Jun, Zhou Kanshe, et al. The temporal-spatial variations of soil moisture over the Tibetan Plateau during
1980-2012. Journal of Glaciology and Geocryology, 2016, 38(5): 1241-1248. [ {17, ¥ 22, & Fl4L, . 1980—2012 4F
T e J M P I 23 SRR . k)1 R 2, 2016, 38(5): 1241-1248.]

[44] Wang Lei, Wen Jun, Wei Zhigang, et al. Soil moisture over the west of Northeast China and its response to climate.
Plateau Meteorology, 2008, 27(6): 1257-1266. [ T4, SC4=, SF NI, . v P AL X P8 - 480 1 R A e m .
JRAR 4, 2008, 27(6): 1257-1266.]

[45] Ma Zhuguo, Wei Helin, Fu Congbin. Relationship between regional soil moisture variation and climatic variability over
east China. Acta Meteorologica Sinica, 2000, 58(3): 278-287. [ th#F [, ZRAMK, 7555k, Ff 1 4 308 [X duf - e 2 fy A%
AR 5 SAR R R RG24, 2000, 58(3): 278-287.]



13] TRHRE 2 ¢ 55 R e I MK 0 A8 T AT TRl U 52 ) 97

Effect of soil moisture variation on near-surface air temperature
over the Tibetan Plateau

FAN Keke"**, ZHANG Qiang"**, SUN Peng’, SONG Changqing"*",

YU Huigian">®, ZHU Xiudi">*, SHEN Zexi">"

(1. Key Laboratory of Environmental Change and Natural Disaster, Ministry of Education, Beijing Normal
University, Beijing 100875, China; 2. Academy of Disaster Reduction and Emergency Management, Beijing
Normal University, Beijing 100875, China; 3. Faculty of Geographical Science, Beijing Normal University, Beijing
100875, China; 4. College of Geography and Tourism, Anhui Normal University, Wuhu 241002, Anhui, China)

Abstract: The Tibetan Plateau is one of the most sensitive regions to global climate change. It
is of important theoretical significance to explore the effect of soil moisture changes on near-
surfaceair temperature for the study of the water cycle of the Tibetan Plateau and its impact on
the surrounding climate and environment. Based on the NCEP-CFSR dataset, this paper reveals
the spatial- temporal pattern of soil moisture content in different seasons and different
vegetation zones on the Tibetan Plateau, the response and coupling of soil moisture and
evaporation rate, and the impact of soil moisture on near- surface air temperature through
evapotranspiration. The results show that: (1) The spatial pattern of soil water on the Tibetan
Plateau is basically similar in different seasons, showing a decreasing trend from southeast to
northwest and the spatial characteristics of drying in humid regions and wetting in arid regions;
(2) The soil moisture in most parts of the Tibetan Plateau is in a transitional state, in which the
southern and southeastern parts of the plateau are in a state of transition throughout the year,
while the soil moisture in the Qaidam Basin is almost in a dry state all the year round; (3) The
sensitivity of the near-surface air temperature to soil moisture is the weakest in winter, but the
strongest in summer with weak spatial difference, which is negative feedback in winter, spring
and summer. Moreover, the sensitivity of air temperature to soil moisture varies greatly in
different vegetation coverage areas. This study has important theoretical significance for further
exploring the regional water cycle and its effects under the coupled land-atmosphere state and
the changing environment of the Tibetan Plateau.

Keywords: Tibetan Plateau; soil moisture; near- surface air temperature; evaporation rate;
conversion mechanism



