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SR Hiatus BLG 2 A 1E R ERS HINTAAE M A il A 2F IO Bl 4Bk AR B 454 11
FEIE SR AR O BRI Pr SR =X AL, T B E PR Ay RV PR FHE™ ;- Garfinkel
SO L S A b T THE U 55 5 BRI KBt 4 28 % A= Hiatus, -4 H BV YL 28 UMk 3
i, XEEREA 2 kA s Winslow 28! & 384 BRIFIIA 7K IR 7F Hiatus ZHT (1985—1998
) WEERT, fiAE Hiatus BARIEA W58k, B T Hiatus AFAE ; BX 22 285545 1
1998—2014 4 AR B M2 60 S A7 A, (H BRI SR A AL o B E A 2Bk
AR SR AV BRI S TP ORI IR s Karl 5558 T 555 19 4 BR 3t F 5 R B0 48 11 1998—2014
AERFRTHR S T IPCC-ARS UGE , 21 22 /T 15 4F A9 FHE R 5 20 420 5 2 i —
R, JFRAISE ; Hausfather S5 7RG T i I B2 SC AR 3 40 Mk 22 09 2Rl 48 HH 1997—
2015 4F (¥ THER R R AEARAL 5 Huang S5 WA 7E 5 FEIU AR PR B2 (5 00 43k 1
TR HANFAE Hiatus RS o 59—y D0 TARBR A5 (R R 24 i, —2EFoE A
S HRSNRIAEI, 5 YO R AR RGNS R E Y b E L XORE
Li S5 B 1998—2012 4F- Hp [E 4 4 f iy AL T B 3 BURACT SR IRAIK, BRPG RS HBIX A1
KB EARIR P TR F AR I 2000—2014 4F o [ 4 o A 1 H 0725 B8 Dk 2% 528 v
ol B B 250 B 1998—2012 4[] Hh [ 77 AE [R] A BR AR BE (5 S R Rk 22 Bl 4, Hob 2R
FBZE KUK A Hf i R L X

P I DX R S R A B i M, A
Bevi. Hof . THE. §ifF. FeEsdes s
(HIAX) RNZEETEE (F 1), ZHX 4
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T A B T [ BERRAE R R TR
A E 1997 4 LR P b+ 5 X IR — EL AL

P

A TGl MER(m)
— AR 8110
— ?ﬂﬁ -
= WA
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Ek{ ; EHEI %k%z‘é 4‘# [31] Zi I}[‘d 1996—2015 QEE j t Fig. 1 The location of Northwest China and the distribution of
s DX S 5 A A 5 3 0 meteorological stations
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SRR R R BE, KO GRS YR SR 25O 45 H R
TR ES i Y BT AT A, AR S AT AV A IR AT BRAS AR AR R 7R XS S AR A L
13900 o %5 2 R EORFAEG FH T B3k S8 H AT REAFFE 22 5%, {H 1979—2017 4F 1] )
AR ASBCH — BAREEAE 166 4224, R IZ T WX T4 Hr 2 BRAZ B A5 ) (1998—
20124F) Hiatus A J5 IR A AL RFIE SE M5/ o 63 S 78500 3 00 BCHE B0 118 O
K FZIE TG AR ] O A (EA 0 o AR 2 S HE HE A9 1980—2010 4F [ S fis [X.
R, AL X R b (—X) . mEE (X)) R (SX) . WP R N5
WP (X)), EFRX (LX) ARERIEEX (SX) 6 MUESX (E2), ZY5k145
MR35 ANEZE, 6—8HANEZE, 911 A NKZE, 12 AM1—2 A h&Z,

F1 1960—2019 FEFIEX KL B TK

Tab.1 The number of meteorological stations in Northwest China from 1960 to 2019

A5y i EECE () A5y i EECH () AFAry i EECH ()
1960 4¢ 117 1966 4F 121 1979—1980 4F 165
1961 4% 118 1967 4% 122 1981—20174F 166
1962—1964 4F 119 1968—19704F 123 2018—20194F 124
1965 4% 120 1971—1978 4% 124
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N Fig. 2 The climate zones of Northwest China
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(k=1,2, -+, n) (4)
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3.1 RERTHH

IR Hr s B (F62), UK 2 XAELIRAE 1966 4F H L T — R 578
FEAIG, 7E19864F . 1996 4FF1 2012 4R 4R K A= 28 A8 Fh iy, AR W 3 ¢ 46 58 F1 Yamamoto 46 56
259, 1996 4F 1 ¢ {E I 14 K2 S/N (B EE 1986 4 F1 2012 4F i1, 1 1996 4 i 28 4 FH i o7 B
i, M-KIER S R A 2 A8 447 2001 AR H T o = 0.05 IS ELR, 456 oM vk & Bz
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®2 AIMRSERETEMHIN

Tab. 2 Analysis of abrupt change of air temperature in Northwest China

SRWEEEML  MKAR bEeD) NE L Yamamoto ki 45
A% AR 1996 2001 1966°, 1986, 1996™, 2012° 1966, 1986™, 1996”, 2012"
= 1996 2004 1974°, 1996 1974, 1996
ES 1996 2000 1996™ 1996™
[lEs 1997 1997 1965°, 1987, 1997" 1965, 1987
EEc 1986, 1997 1996 1986, 1997 1986", 1997
—[X 1996 1994 1988, 1996 1988", 1996
~IX 1996 1997~ 19967, 2014° 1996, 2014
=X 1997 1997" 1986, 1997 1986, 1997
X 1996 1992 1966", 1986, 1996™, 2012” 1966, 1986, 1996, 2012
FLIX 1996 1995~ 1986”, 1996, 2012° 1986", 1996, 2012"
NIX 1996 1997~ 1986, 1996, 2012" 1996", 2012”

TE: " BIERIE L 0.05.0.01 A 1 N RIZLIAEG A S B RIRAE G , AN R RIZ R SR AL THIRAE D -

GAFFARATI R, AR N o NS DRSNS R E, FFAE 19744 K5
ARENR , T 1996 4E A THE s B S IRTE 1996 4E I B R 28 1 TF; FAZEAE 1965 4E R
AR, TE 1987 4R RN 1997 4 K AR A TR ;. A& 22 RTE 1986 4FFl 1997 4R RAE T+
1997 AFEFHRTE 3 o X LA o IX AR BR S AR R 25 51, dbi| (—IX) IR AE 1988 4 Al
1996 4 & A 28748 B Fr; R (ZIX) “RAE 1996 4- 12014 4E A8 FH iRy, 1996 4F (1) 5848
PR FE RHIX (X)) R RARTHE A A 1986 A-F 1997 4F, ARk ¢ (E I 14
J SNAEKRE 1997 4F 2878 i 35 VRSB L N 52t PR (DUIX) 76 1966 4F ) Bl 58 A5
M, FE1986 4. 1996 4F-F12012 4F 5 AFTHE ; ARpah T RIX (FIX) FREEIEX (55
X)) MR EAAED —2, #BITE 1986 4. 1996 4F 12012 48 K AR AR TR, 1R
XAE 2012 4 5 AR B8l i 2

SMASRE, P IX AR IRAE 1986 4F . 1996 4E 12012 4F A8 T, B . HESI
TE 1996 4F A8 Ty, k. AZSRAE 1986 4F 22 45 Fl 1997 4F 5878 Tt 4540 IXAF #4773k
A L HRTE 1986 4F-F1 1996 4F A A= 58 A8 FHl, T 6K JEAE 1997 AR 848 TR, LU HA X 1 1
A, RER 343 IXAE 2012 4F PR AR THIR . 2R A8 D7 B i M 5848 0 B & 0 it AE
1980 4FAR FR I E A ST Z TR s T — A8 0YHS M 75 i s SRt DX A 572 S o3 1) 7 20
20 80 AEAR A A 90 AR AR A ZR AR W , 90 AFAX I S8 AR T W 25 BSOS R IUAR I
WX FE IR 1997 FRAERA, BATAE 1985 AR 2247 R AEGRAY s F5 518 Hin]
VUL ERTE 1986 4 & A TR 5874 s 1 S B SEU A& I PG 48 S-SR 20 22 90 AR i &
A B E AR o ARSCREIN I AR AR AR 5 S BT B 98 SEAR — 2, (il AR A
FIBFFEI B PSR AERIN H 2012 455X — i & R A FHEAE (Y

MR ALK I A B A 2 AR ARGy, S5 SIRIE AL (3), KIPEILHIX AFE S
TRAE 1996 4 B 3 THR AT 5, T 1998 4F I ihit A B iE %, 1998—2012 4F [l A THi
e, 20124 BRI ARAE, 25 PR TR Bk A TERIRAE 1997 AR5 748 I
T 1998 4F 2 J5 #a FE AR A IR 7E 2012 48 B ARAE ; B FIARIRTE 1996 4F 2848 Tt
5T 19972011 4F Al R FF-ERCIR A, 72 2011 4Rt BARAIAE ; BB F 3SR T 1996
AERAR TG MRS PR THEAS Y, 76 1998 451 2012 4E A2 45 I AT H BRARAEL . PRI A 4535 v
At O R] B B AR AR IS B0, A SRR FE I BT 510 X1 434 1960—1998 4 . 1998—2012
AEFN2012—20194F, H#HZ=D) 1960—19974F (1997—20114E ., 2011—20194F %143,
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3.2 RIRFERTWH

1960—2019 FPIAL MK Ay il 1} FREEE
P B R 0.26 °C/10a, Hitd: |
A Z g DU v [ E 2 IR
(0.23 °C/10a) PEEA—3, REEePkF
PITHRE A (0.12 °C/10a) P2 4%,
Hr 1960—1998 4 5 R g E THE A
. (0.08 °C/10a) , 1998—2012 4F [f] »
VUL AR SRR I BRI,
AL A A -0.20 °C/10a, & T IPCC- ! | | | | .
ARS 25 H 14 [R) T 4 BROE- 34 3 3% TR 1960 1970 1980 1990 2000 2010 2020
(0,05 °C/10a) P, 3 ] 1998— wh
2012 4F P AL b ARSI S IR T 54 K3 1960—2019 4ETH b X 4F 14 REE 25 1k
ﬂﬁﬁﬂii’@—ﬁlﬁ’ﬂ% HZ%{'E?_’(% (Hiatus) Im Fig. 3 Annual mean air temperature anomalies in Northwest China
G, ST EIH I BIR . 20124F1) from 1960 t0 2019
Je . PUAbH AR SR PGE BT, BTRIRE =ik 1.04 °C/10a. WMO &l (2018 4F-4x
BRAE R A H) 35 H 20152018 AFJ2 AT 10 - LASK 4 D AEDy, AERARBRAT7E I .
XU TCIEAE BRI S VG b 3 X 2 28 T AR R A5l J PO ERs B, AR A0

MEEA~1960—2019 - iF 0] P51 E, VEILHLIX & T P RAR R E (a=0.01) |
Tt ABA[RI B BeAS [ 20 SR AR R RREA BT 22 57 (K3, El4), 1960—1998 4%, H 2%
PREAME AR 5, SRR 52 -0.05 °C/10a, 0.03 °C/10a, Fk. 22Tk g A
B, 43908 0.13 °C/10aF10.19 °C/10a, 1998—20124E%F . Fk. & IRA R Rk
B, XTI, FENEIAS0.93 °C/10a, AT 1960—1998 -4 1 FHIRH AR N [ 1
1.12 °C/10a, # . KR FFEHER 510 0.14 °C/10a, 0.13 °C/10a; H LI N THE
B, WEH0.16 °C/10a, ZHEZBAKE T 1960—1998 4E 5 = R4 i Th, Mtk
ALOL, 7E 1998—2012 4F (] PU -k Xt HOR A 3000 th B W ke, B R8T HE . Horfr,
BRI 19972011 45115, RICHFEEESE, TTHEBERMRIK . &80 &
AR AT VAR AR NS A pE i ] . AL 2EBRNJEE , Kosaka 2245 Hi 21 42 Lok
BRAZEIN BRI S, 10 B 2R 0 b X AT A PR S 35 Trenberth 45 & BLAL R 1Y
22 i R RO il ) B s B A A B i R 42 5 T s Ay B R 3 T
KB Rl R LK) R 46 A9 2R N o X FBHVT AL X =4 R AR fL e A S b ek 3t A
— 3, 20124F )5 & B R A AGE T &, DA B TR R P, BRI 1.96 °C/10a,
. FKZ0r510 1.48 °C/10a, 1.00 °C/10a, HBTHEHF IS, 40.48 °C/10a,
33 [SERTHZEER

1960—2019 4E[H] PU AL H [X 45 7 AR SR AR % (a = 0.01) FF, (HEEARFE BN
ARG KRR E A B B X2 R (4, EIS5, K 6), 1960—1998 4Pt i
XAER R Bl 5 10 95.7% (1594Y), Hrh 2 (a=0.05) FHREAEE LSS 69.1% (110
A, TV AE JER B N S P AR X TR A bR, 1831 0.32 °C/10a (a0 = 0.01) . MAN[FEIZETS
F, XZETHEREWE, 94.5% (1574) i STHE, % (a=0.05) FFHsE &4 90
A5 FRZEFHES 5 96.3% (1604), HEZE (o =0.05) FHEMEESAE (791) A K
%2 K. REFHERS AL 71% (1184), BERFE (a=0.05) FHEM S (43

—

SEHRIEF(°C)
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*®3 AEHEFEIFEILHEXEEMSTHEREMETHEECC/10a)

Tab.3 Trend of annual and seasonal average air temperature in Northwest China during different periods(°C/10a)

)41 1960—20194F 1960—1998 4 1998—20124F 2012—20194F
AEB 0.26" 0.08 -0.20 1.04
BRI 0.29" -0.05 -0.14 1.48
LRSS 0.24" 0.03 0.16 0.48
B 0.25" 0.13 -0.13 1.00
A 0.26" 0.19 -0.93 1.96

e RN 0.01 WA

™) WHEE (141) 2, F. BFFE 8F [ 25%~75% =§$
£ S R S =] / 1.51QR
MIAURATRERIE T by f 1 L SRR g B2
48l i S PR . B B =
1998—20124E 0], BREMIEIEAE & 4| -

WIS LTSRS, X
AR R B EA (F
4, K5, K 7). TUILHBIX A 72.8%

Fhiid DLLds I ;*
(1214%) Huh A AEHR 2 T ¢ ° E dhdt 'H'H* |1

SIRARALAE (°C/10a)

P, H 2 (0 =0.05) FBFiRmE )
HA 394, FEAL PRI ILH X AR
3N CRIBIEX . TR

_4 L L | |
1960—20194F 1960—19984F 1998—20124F 2012—20194F

T PG S S N S ), HLAE T B

HRIKFN 041 °C/10a LA b, BITIILHL  pga REEHEESITGCHLX 4 A A R T
DR R 2 f, o AR kAL

PV X PR N B E (o= 0.05), Fig. 4 Trend of annual and seasonal average air temperature at
lg% mgjj 0.47 °C/10a: ﬁqgg*u j tﬁgp% {5{1 each station in Northwest China in different periods

W R A T P b b DA, SRR % 0.17 °C/10a, T8 =1 R AE 1998—2012 4F
) 2B R TR, THEHE A K 0.18 °C/10a, HPH#A 7T S 2E (a =005 F+
Mo FHUEAT UL, 1998—2012 4% ] P Jb M DX Bk 75 7k i DR M5 B0t BRI N 52, AR R R IR
B, TR R . X 5 B2 BRI A0 TE AR AR I R 2% 401 7 R e R AT
TR IEVR 2 1E— 3, W ZE AR % B 2000—2011 4 [a] 0] AT 7 HL i DT80 vk v 45 sk 1) 4R
THALE A RT, AR L THE RN R 2 —, WEEE TR R . 4
ZAT A, PHACRI b X A 2 L B PR, BRIl o 7 HE 84.3% (140 9%), Tl i

x4 AEREFEIREILHEX &S XEHRBEETHEREC/10a)

Tab. 4 Trend of annual average air temperature of each zone in Northwest China in different periods (°C/10a)

AR5 1960—20194F 1960—1998 4F 1998—20124F 2012—20194F
2X 0.26" 0.08 -0.20 1.04
—X 0.28" 0.19 -0.18 1.00
X 0.26" 0.10 -0.16 1.34
=X 0.35" 0.19" 0.18 0.63
P X 0.39" 032" -0.41 0.32
TIX 032" 021" -0.42 0.60
ANIX 0.23" 0.10 -0.47" 0.63

L IR 0.05, 0.01 BAEHERL
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5 15.7% (26 4-), FHRFZEES
(ET M R X . RKEERE LG A
2115 66% (1094-), FEEX 543
AHARL,  JHrf b 5 X 2 2R Bk [
M BKFNTHE . B Xk
ABFRICA TR, THE S A A 66.2%
(1101, HiE3E (a=0.05) Fi
A1240u 5, BRI EE AR
B EBA T X A v g e s, Aok
F, KRR BT B DTk
K, BFEETHE, H#ERrEsZ3
IR THE
2012—2019 4 (&), PHILHBIX IR
FRUCHR B N, AR T
89.7% (149 4~), ¥ (a = 0.05)
TR B G A 1A, R S ACE
174> (F4, K5, K8, M= L

[ 25%-~75% B 4K
5L L LsiQrefsitE — =E
— P& = %IZ i
_ ® A =f
s 2+ [ Ay
¥ 10 Ii
==
;
Wi, sfis 2 |70
r SRR * I J
:

1960—2IOI95|3 1960—I1 9984F 1998—IZOIZ£|5 2012—I20195|5
EnpEE

s ORI T MBI A4 4 AR

PEAE A

Fig. 5 Trend of annual average air temperature at stations of each

zone in Northwest China in different periods

SR AL (°C/10a)

vV o -11s< At<-08

v _08< At<0

A 0< At<08

A 08< At<l5

A 15< At<22
SEOFORIER0.05 BB AL

K6 1960—1998 4 VG It H X AAF A4 251y -3 AR AR LR K 25 [A] ARk i 4

Fig. 6 Spatial variation trend of annual and seasonal average air temperature in Northwest China during 1960-1998
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SIRAAEFE AL (°C/10a)
V 38< At<-3
V 3= At<-15
Vo -15< At<-0.8
v 08< At<0
a2 0< At<0.8

A 08 < At<15
A 15 < At<2l

SEOFRIER0.05 BB AL

7 1998—2012 4E Pt HE X 4x4F FN45 2153 SR AR L R 1) 23 6] ARk a3

Fig. 7 Spatial variation trend of annual and seasonal average air temperature in Northwest China during 1998-2012

E, METHER, THEHRA 1.34 °C/10a; Jvimh X S G, B H 2% 1.00 °C/
10a; HROA T 8 m SR AN B SR IR X, TR IX, AR 2 vk A28 b R 23k )
0.62 °C/10a; a1 PG JiE bz P 52 ol PSS THEA X 518 , oM 0.32 °C/10a, MWAEH, &%
FHR SO, 7 87.9% (1461) Byl s R PRl EF#aH, Hrpf 16 1uh i i 2
(a=0.05) FHl&, FEETAEERATE SR, FEFARLG AL 951% (1584-), 7t
L P S S TR NS B A B BCRTHES S 25 75% (1254Y), BEFAEH
S 1 DML DX A 17 /3 S AL, B A LD 2R g A2 R XA 30 /4 i PRI o

4

4.1 #ig
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Fig. 8 Spatial variation trend of annual and seasonal average air temperature in Northwest China during 2012-2019
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Characteristics of warming hiatus of the climate change
in Northwest China from 1960 to 2019

LI Zhe"?, DING Yongjian’, CHEN Aijiao"?>, ZHANG Zhihua"’, ZHANG Shigiang"*
(1. Shaanxi Key Laboratory of Earth System and Environmental Carrying Capacity, Northwest University, Xi'an
710127, China; 2. College of Urban and Environmental Sciences, Northwest University, Xi'an 710127, China;
3. State Key Laboratory of Cryospheric Science, Northwest Institute of Eco-Environment and Resources, CAS,
Lanzhou 730000, China)

Abstract: The mean global surface air temperature data indicate that there might be a global
warming hiatus during 1998- 2012. However, whether it existed around the world is still
controversial, and the characteristics of the hiatus in Northwest China remain unclear. Based on
the in- situ observation data of air temperature from 1960 to 2019, we analyzed the
characteristic of hiatus in Northwest China through the cumulative anomaly curve, the Mann-
Kendall test, Move-t test, the Yamamoto test and the linear trend estimation. The results
showed that the statistically significant change- point of the annual mean air temperature in
Northwest China was in 1986, 1996, and 2012, respectively. The air temperature suddenly rose
in 1996, and then kept stable from 1998 to 2012. The annual mean air temperature showed an
obvious cooling trend by —0.20 °C decade™ in Northwest China from 1998 to 2012. Meanwhile,
the annual mean air temperature in winter had the largest decrease rate and that of summer
increased. The east of Northwest China displayed the most significant cooling during 1998-
2012, and the Tibetan Plateau was still heating up at the same time. The air temperature of
Northwest China rose substantially after 2012, especially in winter, and southern Xinjiang
experienced the strongest warming during 2012-2019. Generally speaking, the warming hiatus
was evident in Northwest China during 1998-2012 except the Tibetan Plateau. Therefore, more
attention should be paid to the marked upward trend in air temperature after the hiatus in
Northwest China due to the crucial environment.

Keywords: climate change; warming hiatus; mutation test; Northwest China



