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Fig. 1 Locations of weather stations of soil temperature over Tibet
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Tab. 1 Linear trend of annual and seasonal mean soil temperature over Tibet (unit: °C/10a)
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Fig. 2 The variation of annual mean soil temperature at 0.8m in Chamdo (a)

and Senggecangbu (b) of Tibet during recent 35 years (break line—measured

value, dot line-mean value, black slope line-trend value)
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Fig. 3

The variation of annual mean soil temperature at 3.2m in Lhasa

during recent 35 years (break line—measured value, dot line-mean value,

black slope line-trend value)
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AFE, X HE ST 0.8 m F s
EEAEARPRA AL (3R 2), WRAFFIMIRI S, DR | 322 HWEW | Rig® | L2 2B
It mE s, 20 thad 70 FRIRAL, 80 FARIEHR , 90 4FAR W, 90 4FAREL 70 4F AR M =5
0.5~1.7 °C, VAhip™ s ; ¥ MHEFEAPR AR, S8R B FEAL
90 FEACEL 70 AECIRAK 0.5 °C; A2 70 4ECIEH , 80 44U W 0.4 °C, 90 AR Ik
i 0.4 °C,

A ZE YR AR PR AR , 2 20 thad 70 AEACRIEE . H W] R T
fi£ 0.4~1.0 °C, B4R, & Mmm 0.3~0.5 °C, HAth 3 A~351EH ; 80 AR ER H w& W R K 0.4
°C o, HESWZMAK, BIEHF,; 90 FACHE* . HEEW IR & 0.6~1.0 °C, &
ABRAK 0.6 °C, H Ayl SIEH

R Z 20 tHad 70 FARHIEE . HEEW | W SR AR 0.7~1.2 °C, DA S YT fied 11 52
F, HABA W IEHR ; 80 FACBRMZ i /5 0.6 °CHh, HAb A WAL AR KB IEH ; 90 451041
B HEEN SRR 0.7~1.2 °C, BB . M ARAK 0.4~0.5 °C, HAh& 557 0.1~0.3 °C
Z Ml

T 2B 57
5 %ﬁf$ﬂjf& x2 AEESHERE, £0.8m FHHIEEF
E/J 5|51JQ KT ﬂf‘ Iﬁ E Tab. 2 The anomaly inter—decade of annual and seasonal mean soil temperature

§%$*ﬁ L, Rt at 0.8 m over Tibet from 1971 to 2000

SPELIE A AN W GERC WA 9t FREN RgE B CWEE %% B K
fEAZ ) 201 %% 19708 05 00 04 10 03 01 00 05 -02

5070 AEAC R EE W 1980s 00 02 -04 -01 -02 -01 02 00 02

[V 19%0s 06 02 07 10 -01 02 02 -06 00
= R 2 0'? K7 1970s -12 00 -08 07 03 00 00 02 01
0.8 °C, Jfih 7% ¥k 1980s 01 -02 00 02 02 01 03 02 06
£+ 02 °CLLAN, & 1990s 12 03 0.7 10 01 00 03 -04 -05
i s Ay © 1970s 05 03 07 06 05 -01 -03 02 -01

EH; 80 R4y HF 1970
1980s 01 02 -02 03 03 -01 -02 -02 06

IR 5 90 AR UK 1990s 06 04 07 09 03 02 04 -02 -05
RV N

2 H®EW . frBE. % 1970s 01 06 01 -08 02 -02 -06 01 -02
ARG 0.4~0.6 °C, 1980s 04 01 03 01 01 00 01 -01 04
A 5 3 75 AE A 0 1990s 01 04 05 07 01 02 04 01 -02
Hoflh 25 5 2 4 Il 4 1970s 05  -0.2 05 08 02 01 02 02 -01
o, 1980s 01 02 02 01 01 01 02 00 04

1990s 0.5 0.3 0.6 0.9 0.1 0.1 0.3 -0.3 -04
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2.3 HRMSERT R3 EHEFWL 08 mE, FEHHEBEBNRTES
%U Fﬁ (2) (3) :_Et i+ ﬁ Tab. 3 Abrupt change years of annual and seasonal mean soil temperature at
T i /JJ%II U UI-IIJ (J% *4 55'5 BE 7,,I:E 30 0.8 m at stations of Tibet

N L 3 S o2 B PRI s HwE RigE o PR MM w2 BEN M
EE URJ: E’J/i)ﬂi;? s \',E'ig o #E 19%6 1994 1983  / / /
PR 9 Aui0.8 m P XM e 1os3 1000 1003 1086

/ /
/ / / /1983
N = 22
WAERA N (R 3),  w= / / 1993 1986 | /1987 /| 1993
zE LR &F /1993 1984 | / / / /
/ /

(1) 3T 35 4F 3k, Wi 5t F 1990 / 1993 1986/ 1987
VT 1 ok & 25 41 %’ B Wi HE: 17 FORTOTASEEAY, IR AR dufin I B B A fh v i B

75 AR SF 15 M IR 24 7 16 K

o, &, EEHHE T @
A TE 1996 A Fil 1983 4 80 L
1990 4 4 - 247 Ml il s & A=
TRMBERERE (K S); 7o

e 22 AL AE 1990 4F - = 31
RAEME, PigEiE . ZF
Wb iR ¥y % TR R AR 50
H AR 20 42 80 4FAL
Ho & | R AR5 4 40
O 7 e el

6.0

1986 4F (& 5b), & H=E 10
- 57 Hb it 5€ A% I ] 3 AR
1983 4E ok 1984 ¢ ke, 12O
Hwg AR | iy o
KA TR, HihH g 110
75 20 HE4 90 4Efb W, % =
L 1987 FERKE IR T 100
GEAE | B AR AR 2
AT R E U 9.0 -
ESsAWA 08 m P
RN | ©
— A X i ¥ 199 B AR Sy — '
AR (R 180 1 AV
Q) MZHE | KkFEF L A\ A
MR P TE 1993 4EH L TR 170 N~/
e R G (& 5¢), Hiif 165 r N Y/
I8 DA — A~ HH T Al 1 $ K A5 160 [
Sk — A HE e V3 AE 155 - - - - - . .

A 3SAER, FY .Y 1970 1975 1980 1985 1990 1995 2000 2005
M B 4B 3 ¥ 0.8 m MR A

MK KAERERG B 5 WS (a), PiER (b) MM () 0.8 m -4 M i i1y 25 1k 1% 3 5 25
24 HBHSEEM P — DA, M AT, M — 0 R I B 18

1;& flfiﬁ Xﬂ‘ i} ﬁ % ¥ 15 )f": s Fig. 5 The variation of annual mean soil temperature at 0.8m and its abrupt change

354 0.8 m 4, = FHH

in Senggecangbu (a), Lhasa (b) and Nyingri (c) of Tibet (break line-measured value,
dot line-mean value, black line-mean value at before and after abrupt change point)
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Tab. 4 Anomalous years of annual and seasonal mean soil temperature at 0.8 m at stations of Tibet

FFIR] SR 2 g frg” e Lk “Z% 24 w2
HZ 1999 (+) 2004 (+) / 1999(+) 2004(+) 1983(-) 1983(-) 1990(-) /
2000 (+) 2005 (+) 1986 (-) 1992 (-)
2002~2005 (+) 2004 (+) 2000 (-)
K72 1975(-) 1975(-) 2005(+) 1994(+) / 1972(+) 1983(-) 1986(+) 1993(-)
2001~2005 (+) 1998 (+) 1998 (+) 1990 (-)
1999 (+) 2004 (+)
®ZFE 1972(-) 1983 () / 1998(+) 1998(+) 1998(+) 2001(+) 1976(+) 1993(-)
2005 (+) 1998 (+) 2001(+) 2003 (+)
2001 (+)
A2 1979 () 1975(-) 1996(+) / 1999(+) 2001(+) 1998(-) 1984(+) /
1987 (-) 1999 (+) 2002 (+)
1989 (-) 2004 (+)
i 2002~2005(+) 1975(-) 1996(+) 1999(+) / / 1983 () 1990(-) 1993 (-)
1983(-) 2005 (+) 2002 (+)
1999 (+) 2004 (+)
e 47 hRERE, 27 NRERS, 07 TR

T ) S8 A Tk R (R 4).

(1) VG F VG50 Wi SR A | Z T S R DL S W R = AR R 2, EEE A AE 20 K
221 2wy 5 4F, HA A 2002-2005 FHELE 4 4EE | B EOF B R SR R e, S0 AR
A M I S H v, T 2004 AR AR M IR B S B, ik 8.5 °C, B AR (H
3.0 °C; ZZFUSHIMMEN N E, KALE 20 el 70 K 80 AL )5 1, ¥ = K
1975 SFE B A Z | DL K 1983 4EFK 2 1 M il S5 8 M AIK ,  36 A 24 4F S 2 i iR 55 8 i 1%
1.6 °C; 1999 4 Z F- 4 il 58 s, 51 RAEBEN BT H W m 4, woh, 21 it
Al S AR | BB R4 B 1 R I & 4

(2) VO R BBAT | 2T B MR YO SR R R AR Ay, R BLAE 20 4 90 AEACH S
Wi, Hodr ) FrEE 1999 4ER K H M ZE 0.8m I IR T N, S ARAR bR R
B 2.7 °C; H W AE 2005 4FE E 2= H 1996 4F & ZE | F By IR O SR N s 4,
2004-2005 4F % 2k 2 AR Y AF 2T Y R R E s 1.9 °C,

(3) by A | VX S I 2 BAE 21 20T 5 AR S I IR AR 4y LA
20 4l 80 EME 2, FEAAEER, A, 198 FLEFH LA ETR, HEHHK
K3AH, ERHIE ST WAL 2.1 °C, B b5 B iR AE (-6.3 °C),

(4) VU A (B AR . ARE) 0.8 m 4R iR b S5 AR AR, P Hb 43 31 & A= 1E 1990
AEFN 1993 4 Ri A R MR . EE MRS RSN, mEENEHRTE &
Z - MR IR L, BRI IR O B RACAE, R MIR LSRR
MEAER L, B, XWEFEMIRA R T 1 RSEEWEES, Hh 1976 K57 %
B 3.1°C,

2.5 BRI AIIRENHLE AT

AT B AR A AN TSR e T S T R I M R IR R A AR A b KR Ml T R BRSSOk
RBARAL EE R B M 2R b bR IR A AR AR S PR b R A AR R X 2 A R BOR I
5 W) i T ) ELR R B R B 1R 2 AR IR B AR AR ) BB R B0 3T 30 4R ORk
JE 22 AT VR A XA S A A8 b R B R 1) 25 SR T R O R R SRR AR A 2 AR R £
POR B P 3h £ B R BAE IR AR 1 30 Z4E & FEAIRTHE 0.45 °CEA, IF5IE R
TR T E T 0.2~0.3 °C, 1 H AR MR A S E X 20 m DL B+ 2 MR T I R
(RS | RN [ 104 5% ) 380 % 2 M R 1) 957 Ak 6 Vi 288 45 il b iR AR Ak 5 AR A AR A 1 6
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F, HMHCREGEH] 0.767, Ml A FH i Lo SRR

RSO Hr R, VU R TR AR AR | R IR R B T B Rk, S
AR SRAR, FEH FE N 2 5 20 22 80 4R AU L M B HEAT G
Hb G MR OK AR, BUHEH R OK LB | IO IRIE . TRt T 35 4F H R
ROV | BRI 20 DT 5 e AR A A T PR B IR o A B
S 257 3l a4 £ RS B T B A, 3K 5 [ RSP R A O — BT L T
LR T, 15 s 2 X Il 3R ) T e 2 R PR A AR A I IR T R

3 /g

A SCHIH 1971-2005 AF V8 6 b ik 0L 00 B L TR BRI £ 4 A ulh (2 IR, Y
FERPLES) e KR R, RAASMEGE T Iridk obr T HiR | R R R AR e, L
T b i 0 28 A AL S 0 ARy, A9 B — S S A fh g5 5

(1) 0.8 m 4134 o il 76 VU AR R i Ak 2 . B R B FREEHE, 43510 -0.15 °C/10a
F1-0.18 °C/10a, H Al 8 N uli R I M AR FEE M LIHEHE, H 0.19~0.81 °C/10a, H iR
TR R K, 76 1.6 m &b, AEF-H iR B B &8 TT 04, A 5 AN s BRI N W25 1 T+
R, R 0.20~0.60 °C/10a, LARIBEFHIEFRIIE , 16 3.2 m &b, PO 6 43 4FF 15 4
IRIFRICATHE S K 0.13~0.52 °C/10a, VUIFEETHE R K, K,

(2) VU FECEE N T R VT S s T 35 ARBR BB OC I R AR AR AN At ) 3 B KR+
W LL -4.5~ -25.4 cm/10a A3 30 5 0 3 /N B 2 2 0R i K, JRILR 25 4R J iR 5
R

() Prw® ., HEEW | % 22 A0 35 IR TR R b 2 SR (N Y AR
Fh AN b A - R A G T R, B AR AR bk S A A TR A B4 0 p B TR AR
TR, HiXF R EEAERE K BRRE, BT B R A B R R AR AL R

(4) Bt 0.8 m AP bR AR AR BRAS AL TR 5, SRS | 52 HEEW | fipE R
BAERTEE S, 20 g 70 AFARRAR, 80 AFARIEH | 90 AR, R . MUMEAARER
AR, BERRIA B ET, R4 R 70 4ECEHR, 80 AU W&, 90
AEACR AR

(5) M\ 35 4F 0.8 m PR Hb il (SRR AR RE , WREE | 2 MWZE5000 kK EFE 1996
AEFIN983 47, 2 UAE 1990 FH B MRS, Hip®, HEWAE Pk &4
TARMERAE ) iE TR 20 20 80 AEAR, JEE R ATE 20 4D 90 AW, L £ 1987 A
BB AR AR DAL 5 Al R A 0 AR5 58 A8 34 02 DA — A AH X i ¥ R AR Sl — A~ A
SHmIE ], TAKE | BKEIAE 1993 4F H LAY A 528 2 I — 4> X6 i 15 200) BR A8 Sl — A~
XTI Y M BAR 3 iR R A RTINS

(6) MRHEIT 35 4F 0.8m “F-F4 ik 1) 58 AR 0y 40 A, PUSR A ISR T AR | 2P i DL S
WMDY EZL , FERAAE 20 D K E 21 HH42HT 5 4F, BE& a4 . 2R YRy
J SRR ARGy, BB ITE 20 42 90 AR R, LI R 2 AR | B HE R
B ARSI AE 21 2T S A, RERAES L 20 el 80 R E L, EEE AL
F.OEZ PURARE (B, M) AR IR R B w m AR B 5 & AR A 1990 4F il
1993 4F | A EEF MR | B FHHR T H WS, mEENER TE , kEP
47 b U0 S AR T B
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Interannual and Interdecadal Variations of Soil Temperature
over Tibetan Plateau from 1971 to 2005

HU Jun!, DU Jun? BIAN Duo’, ZUO Huilin*, GE Sang’, YANG Yong’
(1. Lhasa Meteorological Bureau, Lhasa 850001, China;
2. Tibet Climate Center, Lhasa 850001, China;
3. Tibet Institute of Plateau Atmospheric and Environmental Science Research, Lhasa 850001, China;
4. Tibet Meteorological Bureau, Lhasa 850001, China)

Abstract: The variation trend, abrupt change and anomalous years of annual and seasonal
mean soil temperatures at 0.8 m, 1.6 m and 3.2 m over Tibet are investigated in the context
of the observational data at 10 stations during the period 1971-2005 using modern statistical
diagnostic methods such as the linear trend analysis. The results show that the annual mean
soil temperature at 0.8 m decline in Chamdo and Nyingri of Tibet where the reduction rate is
0.15 °C/10a and 0.18 °C/10a respectively, but the increasing trends are observed at the other
stations at a rate of (0.19-0.81) °C/10a (except for Tesdang, 99% confidence level). Significant
increasing trends of annual mean soil temperature at 1.6 m are found at five stations, with the
increasing rate of (0.20-0.60) °C/10a (above 95% confidence level). Also, the increasing trends
of annual mean soil temperature at 3.2 m are observed at six stations, with the rate of
(0.13-0.52) °C/10a, especially in Lhasa. In the case of 0.8 m soil temperature, the following
facts are found as: (1) The increasing trends of seasonal mean soil temperature are observed at
most stations, with the most remarkable increasing rate in western and southern Tibet in
summer, especially in Sengge Zangbu river basin where the rate is 1.61 °C/10a (99%
confidence level); the maximum increasing rate is in northern Tibet in winter. But the
decreasing trends of the soil temperature are found in most seasons of eastern Tibet. (2) In
terms of interdecadal variations, the annual mean soil temperature increases apparently at most
stations of Tibet, however it decreases in Chamdo. (3) The abrupt change of spring and
summer mean soil temperature is observed in Sengge Zangbu in 1996 and 1983 respectively.
The abrupt change of the annual and seasonal mean soil temperatures happens in Lhasa and
Shigatse, the former in the 1980s and the latter in the early 1990s, a sudden change from the
colder period to the warmer one. In addition, the abrupt change of summer and autumn mean
soil temperature occurs in Nyingri in 1993, indicating a change from the warmer period to the
colder one. (4) The annual and seasonal soil temperatures occur in the more anomalous higher
temperature years at the end of the 1990s and the first five years of the 2100s in western
Tibet, while in the mid-late 1990s in southern Tibet and the first five years of the 2100s in
northern Tibet. The more anomalous lower years occur mainly in the 1980s while the
anomalous lower years dominate in eastern Tibet.

Key words: soil temperature; interannual and interdecadal variations; anomalous years; Tibet



