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Characteristics of Interdecadal Variability of the Difference Between Surface
Temperature and Surface Air Temperature in Spring in Arid and
Semi-Arid Region of Northwest China and Its Impact on
Summer Precipitation in North China
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Abstract The characteristics of interdecadal variability of summer precipitation and its possible cause are analyzed
by using the observed data of summer precipitation for recent 50 years from 1951 to 2000 and the observed data of
surface temperature (T,) and surface air temperature (T,) for forty one years from 1960 to 2000. The results ana-
lyzed from summer precipitation in China show that the interdecadal variability of climate in China is very obvious
during recent 50 years. The abrupt change of climate in China occurred in 1976. From 1977 to 2000, summer pre-
cipitation obviously decreased and the persistent droughts occurred in North China and the Yellow River basin. Mo-
reover, the analyzed results also show that evolution trend of summer precipitation anomalies in Northwest China is
about 5—8 years earlier than that of in North China. In order to investigate cause of the interdecadal variability of

climate in China, the difference between surface temperature (T.) and surface air-temperature (T,) , i.e., T,—T,
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in the arid and semi-arid region of Northwest China are analyzed. The analyzed results show that the T, — T, also

appeared an obvious interdecadal variability. Before the late 1970s, T, — T, anomalies were negative, but its anoma-

lies became largely positive from the late 1970s to 2000. the largest positive anomaly value are in the western of Xin-

jiang Province. The correlations between summer precipitation in whole China and the T, — T, in the western of Xin-

jiang Province in spring from 1960 to 2000 show that positive correlation regions is in Northwest China, Northeast

China and the Yangtze River basin respectively, but negative correlation region is in east of North China and South-

west China respectively. Therefore, the interdecadal variability of T,—T, in arid and semi-arid region of Northwest

China in spring may are one of some causes of interdecadal variability of summer precipitation in North China.
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Fig.1 Interannual variations (thin solid line) of precipitation anomaly percentage in summer (JJA) in Northwest China and the trends of

precipitation anomaly in summer (JJA) in Northwest China (bold solid line) and North China (dashed line), respectively. The climatologi-

cal mean of monthly precipitation averaged for 1961—1990 is taken as normal
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Fig. 2 Difference between the summer precipitation anomalies (percentage) averaged for 1977—2000 and those averaged for*967—1976

in China (units: %) . The solid and dashed lines indicate positive and negative values, respectively, and the positive anomaly areas of pre-

cipitation are shaded. The climatological mean of monthly precipitation averaged for 1961—1990 is taken as normal
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Fig. 4 Distributions of Ts— T, anomaly in spring in the arid and semi-arid region of Northwest China in the 1960s (a), the 1970s
(b), the 1980s (¢) and the 1990s (d) (units; ‘C) . The climatological mean of T and T, in various months averaged for 1961—
1990 is taken as their normal, respectively. In the figures, the solid and dashed lines indicate positive and negative values, respec-

tively, and the positive anomaly areas are shaded



-

1% FAEES. PEAELTE. FTRXESBEE NP RARE Rl B R F R R

No.1

ZHOU Lian-Tong, et al. Characteristics of Interdecadal Variability of the Difference Between Surface - 7

50°N

40°N-]

35°N-

00°E  10S°E  LIC°E  1I15°E

4 (50

R, GREZAWERZRE, V. 2mkiE
MIRGE , T RERIRE .

M (D KRAIUBFHMERENBEAGEREL T
wEE. Nk, AWAFITREESE G~5 A)
MEZ (6~8 A) wRiE%E (T.—T.) WEL.
RIMERTHEILTERE, 2TEX 60 NG
B, REZHK 4 AR (02, 08, 14 1 20 B,
JeEE) BBER, HERESX 4 MEROKREY,
HEHERMHR, REE, RAEHEREEX
MR A F%EE, XERTBRREN
JETFE, ETEHX 60 ¥ 1960~2000 £
iR, SEKA TR,

FHEAEHETRERIL TR, LT 70
X T,— TRk, AXFEBBMRIIERETT
TR, $FRX T.—T.HERFEL, HTHE
BRI N ERREL, B ELH 3
TR, (TREXESEMESR T, — T.HFHFE
b, R, BRIOAALARFGHEMRERILTR,
L FERX 60 Y5 1960~2000 £/ T, T.HA
EHEEITERIL TR, P TERESMNESH
T,— TR EM F A L. B 3a 1 3b 237
FRVEILL TR, ETRERXREBEYNESMEE
T,—T.WERZEN. NEFTLEEBES, &
HAGX TR, 2 TERESFMEEY T.— T.WE
fEREA -, FENEFHILTEXXEFE
¥ T,— T.HIBEE M 20 42 70 RA0K B 2000 4
FHIEME, TAE 20 #42 70 4ERE]Z AT, T, —

TEEEEER M. X FEH T M 20 tH4g 70 4R
*, REALTE, 2TRRKK T, T, BT
— KB, REFILTE, $TRXHBSEE
M 20 42 70 K BB T . Mo, mE
3a 1 3b RATEALIES, REGLTRY TR
WX T, — T ERR A AE A+ 2 B8, R

HAERBERIERRE,
4 FEALTE. ¥ TRERHSE
EMERERE L

T aE2BEEMEY T RERILT
FLOETFREXE T,—T.78 20 42 70 FRERA
AR, FHit, ALEFEAST—TREN
TR, PTFEXBIMREENMERNESE G~
5H) FiEZE (6~8 A) T,— T, WAL E. B
da~d HHIFRAREBL TR, FTEX 20 4
60, 70, 80 F1 90 FRMEZE T.— T.HEF 1.
WA 4a fiis, f6 60 R, REALTERE, T
BR T, T.HERH X A fiE, REHEL
BHEBEHRIEM; 3T 708K, T.—T.HEF
MNHFBEPRAREL A, WEAEEAEE
(WA 4b); BT 80. 90 R, WME 4c~d Fi7R,
REGICEANRBY T,— T.HEFEHE KT, JLE
#HAHIEE, 3HH, NEFETLUER, HEH
BT, —T.BEFEREK, B3 1.6 °C, gL
i, M 20 thag 80 FFR IR, REFILTE. *



R R OB OB R 11%

8 Climatic and Environmental Research

Vol. 11

50°N

45°N -

40°N

35N+

9°E  9FE  100°E

105 110°E  115°E

45°N

40°N -

35°N+

30°N i e N
10°E  7SE  80°E  S§5E

90°E  95E  I00°E 105°E  1I0°E  [1°E

B5 HEALTER. FRERES G~5A) T.—TH¥EHS A (A, C). (a) 1967~1976 4F; (b) 1977~2000 4, B 1961~
1990 30 & A FEMENRME; BEPLRFR LT, BLEL7 Rl
Fig.5 Distributions of Ts— T, anomalies in spring (MAM) in the arid and semi-arid region of Northwest China averaged for 1967—1976

(a) and averaged for 1977—2000 (b), respectively (units: ‘C) . The climatological mean of Ty and T, in various months averaged for

1961—1990 is taken as their normal, respectively. In the figures, the solid and dashed lines indicate positive and negative values, respec-

tively, and the positive anomaly areas are shaded

TREXWHBIBLEEEWRT . EWAE 3a #13b
Fim, B2, ¥ TRERNESHIBEMNE
REZEULTFHESEHE (AEHBRHBSE
ENERRELER .
HTEEERHREALTE, TER
B IRZETE 20 42 70 4ERFHIRR K 4 BBR AR,
AT BB T 1967~1976 4EF1 1977 ~ 2000 4E
EEMEZEN T,— T.AALEHE. A 5a F15b 4
BFIR 1967 ~1976 4EF 1977 ~2000 4EFEH HF
% T,— TP A, A 6a f1 6b 405]%

78 1967 ~ 1976 £ 1977 ~2000 EXH W E =
T,—T.HE¥Zar /K. mE 5a, 5b A 6a,
6b fiR, TWEEXEES, 7£ 1967~1976 4
HE, RERHLTE. ¥ TERWHBSEE
T, —T.BE VKB4 X Ry A, TAE 1977~ 2000
FHE, REALTE. P TEBX T,—T.HE¥
NIEE, KX T,— T 05 a4 &S FEY
i, BARKIEEYXA FHEm.

MG, BATATUERBLER, AT
TR, ¥ TEXEREFEZREZN R EMNF



18 REEE% PEALTE. FTERESHSRZENERREAE R LR SRR F AR RRm
No.1 ZHOU Lian-Tong, et al. Characteristics of Interdecadal Variability of the Difference Between Surface ¢ 9

50°N

45°N

40°N

35°N

100°E 10°E IO I15°E

45°N

40°N

35°NA

2°E 7FE 80°E  8S°E  90°E

9FE  100°E  10E  110°E  LISE

K6 S5, BEAEZHFR

Fig. 6 As in Fig. 5 but for summer

REFELRBER, FHITE 20t 70 F0U5
KET—REKA, dfadEF2 KA IER . X
ZNREFEL TR, FTRXHMTREMN 20 L
70 RS 2000 FHBRK,

5 REALTR. *TRERBSE
ENFERREUIELREAER
FRZZ 4L H 55 M
Wei SO WHISRY], FEEHBKEEY

T, — T, SR E KT iR B0 Hk A (R 3 9 TEAR

X, BREWILTER, $TRXABHAHER, W
KILBSEERAE M RZ, XX EFER

W MR RE R RS . REN
TR, F T R KARHSEE R E PR
FHIMKE R THELERAEM. 7 1067
~1976 44N, REFLFR. R FRMK T.—
T8, Bl REKITRBOREARDS, T
fedt, EWRBRMARE; Tite 1977~2000 43
H, REFGLTR, L TFREE T.—THET,
FFLL, 7E 1977~2000 1. T KT HRMEK
SRZE, TR KRR .
HTHAREEIL TR, $FERBEE
AF AR AL X TR 4L 3 X B Tk A AR BR A
LB, FE. RO —FRELTR. £F
BXHESHIEE SREZERKNER. A



R & 5 % B B 3 1%

10 Climatic and Environmental Research Vol. 11

B7 HEAHEE SRERERKNAXRES . (0 £F; b 2F . BPEKRRERRRE BEREFAMXRE
BAR R4 FOR AR R R BN AR B KB 9524

Fig. 7 Distribution of the correlation coefficients between Ts— T, in spring (MAM) (a) and summer (JJA) (b) in the western part of
Xinjiang Province and summer precipitation in China, in this figures, solid and dashed lines indicate positive and negative values, respec-

tively, and the regions above the 95% significance level are shaded

RIE—1, RINELFH, REWGILTR, ¥T FEASESNHEEZSREEZEKKNHEX
PR T - TAABRHKEAERBEER, B LE 7). KB 7a TUER— XX A TR
B, ABFAFEIEE 6 N (e, i, M. UK, EMXXATARIE, AILAKIT
FEZE, R, REMPUD, REBTRENFY, BN, B-PROEMRXATRIFP. T
FEZREFNLTEXFYHMRE, AMHHE X, SFHERAEEX A TEILRI. xR



18 AEE%. PEALTE. (TERESHTRENERFERE RISt EZROKER R RHE R
No.1 ZHOU Lian-Tong, et al. Characteristics of Interdecadal Variability of the Difference Between Surface -+ 11

LUREALTEXEFMHTEZER, WKL
RHMEZMEKRE, Wt X HF KR
Rz, YREEXTEXREZSHRBRERS, U
KILHBE ok w, miediuh X 7 20K
%, LRI R, RT M 20 it 70
FERFHFEE 2000 ERETHILTEXERZHK
BERR, XMWRESEIE T FREARD.
Ah, WE 7a iR B, FRATHESHEE
5REFTSHEKOHEXERMEIILE “f. E.
i, IE” §HEF), XE5REEEEKGERRE
WM RIL R EB S “fR. E. . B MHS
M. RINFARE—-TALTE. P TEXHNE
T, T.5REEEEKKXE ULE T, &K
I AERIE 7a f1 7b BeA—F, BRTHRILHBX
HEHFRGRREMLRYOL, HAh KA
. BTlA, JATATLAGE, AL TR, 2T RHBKX
. AR EMNFEREFZLSRERIBK
HERKERRELE R,

H AT TREE. EEMSBZE £
WX EEEKETEAREREN, XRERHE—
BHERAB TR B, fimses > mmaEH
T X AR B AL TR
DX R MU BRIL , AL T M DX A2 AR A L
3. Ren ZU BT K, EIMRBEAKLE
20 42 70 ERBEH TR AN ERRSBERDT,
REA T4 B f X MR Bl T b AR X
e PN S R FIEIE B AR5
ATAKRERE TR, ETRRMSEEE 70
FEREPEE T —MERBRERE, B7E 70 4
RE#HES, ITHRE. EEMSEZ D LN
W, BRSNS (RERIHMRXZREXGAL) .
B Huang S MBI, FEPAEHRAN, B
u>0, WIERIGRAFFRIETE D FSREED
nE, HEMNFHERA LS EEAE IR L
B, Hit, REAILTE. P TERENBSIE
EHIGEA F T & E LI s RKER RN
B, BENEPORHRBERTA 70 EREHE
A, A X oS R R A B, BRI
PEIRMANGR, XA RSBEIE T IR R R A A5
M 70 SEALE HE) 2000 SER R B LW T
HTEPH.

6 ZitFitit

ABFF A E 1951~2000 FH % 6~8 A
Rk ERh AT 00T, SR E. RERKKEA
Bl BRAER R ; REITE 1976 A AT —KH
BHSERE, N7 E2 G, KILREEEE
KB L, MMEERERY, MelthXE
FRokH B, FEREETE, #H, RE
KHEERKOERBREANERLERLHE
# “fi. B, fLIE” #92E4 EAP BB H KT
fHE]; tesh, REFEIHEMN 70 ERE, B
HEHL, SEXNEKETLERRNER,
P X [ K B S 9 3 3% 07 AR ZE R BT T4 b X
FEIKBEYE 5~8 4,

AXAENEEEX TR, FTREBXBE.
S T,— TR ST REEEREFEEL
WATRER ., AEREN. REWNLTE, ¥
FEXH T.— T.FEEH B HERRE: B 20
fit42 60, 70 ER MM HEERSE, KT PFHE,
70 AEAREBILUE Bl 90 AL, HRIREWM K,
HAE 1977 FRiGHSBERE K E TRE, T.—
T.BEAE M AR IR fE .

WHEAREFRARESREEFRKY
AN RS EAXRAHMFREIGBX. &
JLH AT 0 0, T SR 56 K 4 B F AL i
AP R, XA LAEER, M 20 tit4E
70 AR HAE) 2000 4R, REALTREXESHS
R, HUEAINTE (R Y R A 11
W), R AR XN E EREKED, B
. REEITR, ETRERE. AFEHURE
H4E AR PR AL BT BB Xt 42 A B ZR K 1 AP AR 4K
HEEPW,

R, BZMEH, BTFERIEEZERKHER
AR EZE TR, FnHERES™ i
H, BERSHREAGEZRGEN S BSKZERHAE
EEAREIE, Ak, REGLTFE. ¥TEX
WRBENFREFELT R BRI X EER
KERBEMHFERZ —, RXRE——HR,
FER RPN S, RAITEAHME FiE—Pk
APt T RBBRWRE. HHE, AiLTR. ¥
TR X B i A L e (X PR K ) 5 R R



12

[R5 H OB OB R

Climatic and Environmental Research

1%
Vol. 11

AR, Sa RN FBEEARER LT R
TR BRI LR R B RE .

(1]

Lz]

[3]

[4]

5]

L6

L7]

[8]

SE M

Hansen J, Lebedeff S. Global surface air temperature; Up-
date through 1987. Geophy. Res. Lett. , 1998, 15; 323~
326

Bradley R S, Diaz H F, Jones P D, et al. Secular fluctua-
tions of temperature over the Northern hemisphere land.
The Climate of China and Global Climate-Proceedings of the
Beijing International Symposium on Climate, Oct.
30—Nov. 3, 1984, Beijing, China, 75~87

IAR, EHT, KL, F. PELKBTABRR. K
RE5HHEMIT, 2002, 7. 137~145

Wang Shaowu, Cai Jingning, Zhu Jinhong, et al. Studies
on climate change in China. Climatic and Environmental
Research (in Chinese), 2002, 7, 137~145

R, T4, AEE. REXSHEANFEREFELR
T RMAEE . SEIIR, 1999, 18: 465~475
Huang Ronghui, Xu Yuhong, Zhou Liantong. The inter-
decadal variation of summer precipitation in China and the
drought trend in North China. Plateau Meteorology (in
Chinese) , 1999, 18: 465~475

RiEE, BRE. XTPEEZFRNRFRAREMHERR
WREREMBIR . RIR SR, 2003, 8: 274~290
Zhou Liantong, Huang Ronghui. Research on the charac-
teristics of interdecadal variability of summer climate in
China and its possible cause. Climatic and Environmental
Research (in Chinese), 2003, 8: 274~290

Nitta T, Yamada S. Recent warming of the tropical sea
surface temperature and its relationship to the Northern
Hemisphere circulation. J. Meteor. Soc. Japan, 1989,
67. 375~383

ZRE, R4, IMBE . ERESBEEAHT . SRS
FRERFST, 2002, 7: 209~219

Li Chongyin, Zhu Jinhong, Sun Zhaobo. The study inter-
decadal climate variation. Climatic and Environmental Re-
search (in Chinese), 2002, 7. 209~219

HER, W5, $8E. F. REEAFROFERRELER
HEEREKNER. B ARMSR REEXKBEER
ERERIBEMBIRSHARERXE (—), RER
HERIBRERIERNEHR . L. SRERHE,
2003, 365~375

Yang Xiuqun, Xie Qian, Guo Yanjuan, et al. Interdecadal
variation of East Asian summer monsoon associated with
precipitation of North China. In: Collected Papers of the
Project “Research on the Formation Mechanism and Pre-

diction Theory of Severe Climatic Disasters in China”

[9]

[10]

{11]

[12]

[13]

[14]

[15]

[16]

(1), Research on the Formation Mechanism of Drought
and Flood Severe Climatic Disasters in China (in Chi-
nese), Huang Ronghui, et al. , Eds. Beijing: China Me-
teorological Press, 2003, 365~375

EET, B, BERE, % 0L 70 FREAMESE
TEMRTAWORE . W BFESH, REERSEK
EWEENENTNHEEHATERXE (—), RER
BERABRERAEEMERR . 8. SRR,
2003, 401~406

Wang Anyu, Feng Ruiquan, Tang Tianyi, et al. The sig-
nificant climate change of summer Asian circulation in the
late of 1970s. In: Collected Papers of the Project “Re-
search on the Formation Mechanism and Prediction Theory
of Severe Climatic Disasters in China” (1), Research on
the Formation Mechanism of Drought and Flood Severe
Climatic Disasters in China (in Chinese), Huang Ronghui
et al. Eds. Beijing: China Meteorological Press, 2003,
401~406

Zhang Y, Wallace ] M, Battisti D S. ENSO like interdec-
adal variability 1900—1993. J. Climate, 1997, 10. 1004
~1020

Chang CP, Zhang Y S, Li T. Interannual and interdecadal
variations of the East Asian summer monsogr‘l and tropical
Pacific SSTS I, IL. J. Climate, 2000, 13. 4310~4340
Chao Y, Ghil M, McWilliams ] C. Pacific Interdecadal var-
iability in this century’s sea surface temperatures. Geo-
phys. Res. Lett. » 2000, 27: 2261~2264

R . AR X R RHE S5 £ RREL MR
B RR BRI . BIRKE, 1999, 18, 541~551
Sun Shuqging. A study on features of drought and flood in
North China in recent 50 years and relations between them
and global changes. Plateau Meteorology (in Chinese),
1999, 18, 541~551

HOE, FIEE . REERBREFRE, BEVEMH
WL . BRKEER, 2002, 11 1~9

Huang Ronghui, Zhou Liantong. Research on the charac-
teristics, formation mechanism and prediction of severe cli-
matic disasters in China. Journal of Natural Disasters (in
Chinese), 2002, 11; 1~9

RS, Z2A, K% . EERETE, ¥ TRERH
HHEERTHRARBRSIN . SBRSFEHR,
2002, 7. 61~73

Bueh Cholaw, Ji Liren, Cui Maochang. Energy balance of
land surface process in the arid and semi-arid regions of
China and its relation to the regional atmospheric circula-
tion in summer, Climatic and Environmental Research (in
Chinese), 2002, 7: 61~73

KR, DEZ, #FEE. B TERBUBRER Bk E
ORESMARDIE . W RE®E, DT, BXEH, R
BEAURK E N PR RNEEH R XE (),



18 FAEES FEELTE. ¥ TREXESHTRZEOFINE T R SRk ER TR
ZHOU Lian-Tong, et al. Characteristics of Interdecadal Variability of the Difference Between Surface «+* 13

No. 1

(17]

[18]

HFRBFESALTFRRASBEREGEW . 5. TRl
ffixt, 2003. 157~177

Zhang Qiang, Wei Guoan, Huang Ronghui. The field ex-
periment on local surface process of Dunhuang in arid re-
gion. In: Collected Papers of the Project “Research on
the Formation Mechanism and Prediction Theory of Se-
vere Climatic Disasters in China” (1I), Influenceof Ti-
bet and Arid Region on Climatic Disasters (in Chinese),
Wu Guoxiong, Sun Shufen, Chen Wen, et al. Eds. Bei-
jing: China Meteorological Press, 2003, 157~177

Wei Zhigang, Fan Lijun, Huang Ronghui, et al. The cor-
relation Analysis between the spring (Ts— T%) in the arid
region in northwest China and Chinese summer rainfall. In-
terational Workshop on the Air-Land Interaction in Arid
and Semi-Arid Areas and Its Impact on Climate (IWALD),
Dunhuang-City, Gansu Province, China, 17—21 August,
2002, 182~185

Ren Baohua, Lu Riyu, Xiao Ziniu. A possible linkage in
the interdecadal variability of Rainfall over North China and
the Sahel. Aduvances in Atmospheric Sciences, 2004, 21.

[19]

[20]

(21]

699~707

Huang R H, Gambo K. The response of a model atmos-
phere in middle latitudes to forcing by topography and sta-
tionary heat sources. J. Meteor. Soc. Japan. 1981, §9.
220~237

BN, REE. FREEANSERRENELRILNERE
EERMBEELBRERRKNER . SR SHEH
3, 2004, 9. 316~330

Huang Gang, Zhou Liantong. The variability of the wind
system circulating round the west side of the Tibetan Plat-
eau and its relation to the East Asian summer Monsoon and
summer rainfall in North China. Climatic and Environmen-
tal Research (in Chinese), 2004, 9. 316~330

WO, BRbhd. AEE, % XTFPEEASBERES
RESBREZFXRZMPR . KB, 2003, 27
770~787

Huang Ronghui, Chen Jilong, Zhou Liantong, et al. Stud-
ies on the relationship between the severe climatic disasters
in China and East Asia climate system. Chinese Journal of
Atmospheric Sciences (in Chinese) . 2003, 27. 770~787



