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Abstract: Based on the daily data observed at 111 meteorological stations in Northwest China from 1960 to 2011, the
potential evaporation was calculated using the FAO Penman-Monteith model, and then the humid index was derived, as well
as the extreme drought frequency. The temporal and spatial variations of the precipitation and extreme drought frequency
were discussed in this paper. The results indicated that the precipitation in Northwest China has increased by 0.17 mm per
year in the last 52 years. According to the spatial variation of precipitation, the study area could be divided into three
subregions including obvious increasing, light increasing and decreasing. The mean extreme drought frequency was 3.8
months per year during 1960—2011, at a decreasing rate of 0.011 months per year. The variation of the extreme drought
frequency also showed a spatial diversity and could be divided into three subregions including obvious decreasing, light
decreasing and increasing. The extreme drought frequency showed a negative correlation with precipitation and average

temperature, and a positive correlation with rainless days.

EEWH 2010 4FA AT (R4) FHIF L 12 9% (GYHY201006023) 5 B 5K A SR 54 BE B H (41175081, 41201370) 5 Bl - AL JH 2151 B
(KYS2012SSKY06)

75 B H#5:2013-05-10; 7 2% tH ki B 8B :2014-04- 17

# WM IHAEH Corresponding author. E-mail ; xyhuang0529@ sina.cn

http ://www.ecologica.cn



1360 JAE = 35 %

Key Words: Northwest China; precipitation; humid index; extreme drought; temporal and spatial characteristics

TEABRAMGEASARI B 55 R 1 S AR AR R B A 1) 2R A 1 S R R e i 7 s R B, 7
P NS A R 2 T RS R R I T B P AMEF BT IZ D e AR S e [l o S A b A
JRHHEAT AT, Ha s 1 o XA B R M A 25 A Sy o YT RRZE A DRI R KM ADL T304 45 Jy ThT X6 30T 1
ZAEK [ N AME I B K S A R EIEAE T 2558 JF45 10 TPCC 45 DUV PE AL i % 76 ] 21 20 il o R 7K 8 4
AL T2, RS & v [ X S ot S TR AR B AR A e — B i (b ) et BARE
IR A S e 1A 5 73 ) ek S b i v T 1 I 400 2868 T 08020 | 1 R T i v 11 H B0 T4 22 b st IX 5
IKFAE T D FEALH X R K S TR 2 . % PG AL b D s i TR AR S IR SR R W T R B T
3t XA it e 28 1 v (L X R T B0 DR 20 X YT PG S SRR PG ¥4 B AR rig 1 S AL AR VY 3 S 1l Ty ) v Uk 1
TE 30 °C LA b5 A o R U A AR (B 32 8t BRAE U SE RN 5 1 5 B, X S Jy (9 I fE7E-20 “C AR

T ] B0 G T A i S A AT 5 22 T T T Wt ST R 7K 7 THD A0 428 DG Tl i 1 57 (1 AP Al 74 T O e e
S AR AR T T PG | EEAT R i TR PG b AR b AR A T R SRR AR R 4 X
500 A7 Sfe il vt TS 2 AR 1 AR fE Sy BLAREVIGLS 8™°0 i AR PR I . Sk EE AR ) 2 1 T s o 3
FE b5 o 5B S0 AR RRAE AT TS, R BIAEARI AN M IX 3T 10 4R B i SR 1 28 38 0, 2 3 4F
A A R L R A T SR A A, X R R G e X I A PR, V1 G R DR L X i
VG S T R B M TR R AT 50 AR AEAR ity T 5 & A A B S A M DX X ST R B T R
PERIBIFTE A B 1960—2009 4F A7 - 1] i dslobl i~ 57 S A0 30 1 gl gl v 2 sl i 3 A0 o Y2 108 =5 1 00 3 A0 A 10
S RS, 20 22 60 AR 70 AR AR A S0 B U G T S R R A R AR, e 4 3 i
RegCM3 #550, %f 2001 475 2= P4 bt IX A g+ 2 F AR b AT 1 REAEL . 3o AT = 25 ) P A0 72 ARG T e ) 15 415 4K
% 520 (Expert Team on Climate Change Detection and Indices , fijF% ETCCDI) U B SR AN R K FE AR T
JERFFE : You 5572 Xt v [ 12 A S IRAE ZOR 6 AR i B /K 18 BIGHEA TR 9T, & AR o SR 48 B5OR - Y <UL
A BT R DG 5 B /RS BT ST & IR E KT CDD ( Consecutive dry days) 76 & RIA ZE 52 N a3 %
5 E T3 Wang 4122 %% 3 SDII( Simple daily intensity index ) 7E P8 It K #8430 # X 300 T #a#; Wang
A28 [E5E 2 B CWD( Consecutive wet days ) 7818 A b X 2 b T g M a5 W25 27 St P g Pl 3
Uiy Ul SR A AT ISR

FREARR TR Wi — A XA I TC R K SRR K S D /0 9 A5 5T, i TR 7K -5 28 B0 SO -
T K o S B Y SR R S B — R R B, DR U S I R A 45 R R K () FNZE R ()
P 2SRRI A2 BT X Ik T R AR AR A B ], %A T bt X AR i T R AR AR A g D
X K 5 W T AR R IIF S TE D A SCER G 7 JEZE K MK PIAS D5 T, il ok AR AR PR AR B S 1)
[ JRURE B R 7K i Bt s T 5S84, 43 B 1 PG b i X R PE A (] 19 4 DX 7K e B bR o 1 2 A 1) 25 [ 4
Aty TN AR AR B X P bl DX A A 2 ) TS 1S TR 20 AT ] IR0 2R e P A b X A= 2SR B ] R 48
BB B AT SE AR AR

1 HiREkRRSHRTE

ASCH PG X AL G H O BeFa s i T R iR XA RAE R AR X, TR E R R
G5 BrP O AR (1) £l BN ECR T 20d ; (2) WRNEZEK FETE 50a DL X AN 2540, 0 6 HE A 5 2%
FYBRA 111 A5 (1) 1960—2011 4FE% H oK HAFS0R | H S R H SRR L H BREHEL, H AR
BRI | H P RGEAE TR, TH I A5k H A28 R L R ] e 2R | D B K R,
TR A SR AR 4

TR FE R — A BEAR Y RS R 3% TR A B HO M B O A AR 2 R0 AR SCR A

http ; //www.ecologica.cn



51 H/HE A b FE GG DX K e R g R AR AR 1361

i
o KL #H/m
© BRITBORL T 8487

>z

40°N

400

80° 90° 100° 110°E

E1 AEitMRSKHESSHE

Fig.1 Distribution of meteorological stations in Northwest China
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Fig.2 Annual variation of the extreme drought frequency and drought level during 1960—2000
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Fig.3 Annual variation of the annual precipitation in Northwest China during 1960—2011
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Fig.5 The first-three eigenvalues of annual precipitation in Northwest China
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Fig.7 Annual variation of the extreme drought frequency in Northwest China during 1960—2011
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LL bR DR B4t DXL R 8 o D LA o 2 0 L Jk DA A e P s i X oty S AR AR 1) 8 #E - 0.2—0.0 H /10a
ZIal, (3)HEhNIX, BN 5 A A AR AR SR B A X I, 12 X B AL H R AR R X T A
ZE05 LIk DA A R o S R DA R IX AR v T 52 AR AR ] 3R AE 0.00—0.42 H /10a Z (8], ForbH ol < B A
HRA Gl AR A ) A K, TR E 0.42 H /10a, DB P A 2% 358 X R 2 bl XA i 572 % A R 2 S B8 n i
I HABPIAS [ AR X2 Mo T 248 3 N384 5 DL R g b X R K B AR A6 43 i 3 A3 43 Jk
AAHRE L , AHE— 25 1 B R K S 19 AR A X A ity 57 2 AR AR B AR AE A JE W AP IR S R
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Fig.8 Spatial distribution of change trends of the extreme drought frequency in Northwest China during 1960—2011
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X R 7K A 1 25 ] A O — PR VE R . AR SCIEER T Rk B TR S H 3O3R, SR 2 el 3 4 B
TR 5T M ity 52 & A A 5 R ) PR 22 ] AR e, DL g e AR ) R R R MR R R AR
AR T RAE O R (36 2) &, B/ B AP35 SR ity T 52 2 AR AR R G | 3k S8/ i PR 3R 1 B85 2 )
Wit A & AR AT R A D S 5 AR R B AIME R A TE T H S R T 5 R AR AR IR AR G, BETJE R H B
B2 S8 T R A AR RN, ) 228

A T AR a3 (3% 3) B, ARV R A8 Ak 3 R L (S A AN T) 0 o ke A o 1 52 AR AR
FsZ AN, PHIb 4 X, BB FPE 3 ARG 1 AN By B T 52 & AR MR 43 ik 25 0. 005.,0.189 J/a,
SATEFR R —AN B R T SR AR D 0.032 H /a, (H K FLETE TR H 800 728 fb i 3AHE AT
o 0 PRI A SR A G I A A | DR 38 TR 52 A DG b 4 DR s T 5 e A A R ) R R
o RIX, BRSNS AL BT 5 & AR AR 4 B0 0.002.,0.033 H /a, BJCE H £
In—A~BA7 A 5 & AR N 0.036 H /a, HLETCHT H B0 it 350 28 P sk, DI R JE W9 H 8000 34
Tt 2 5 12 DR Sty R R AR AR N R R L PEAG X, B AR 1A o T R R
AR A3k 0,010 ,0.067 A /a, SJCHH H Bl /b — A~ By il 5 & AR 380 0.034 H /a, #v 5
KRR SRR K I AH OC R B K AL BRI L T 0.01 9 0 ARG PRI L A /K R 1 2 R i 2 X A
Uiy 5 R AE AR D ) R R R T RLIX, B K R RS SR B 1 AN B AR g T R A A 4 i) ek D
0.0.0.182 H/a, M S TG H &8> 1 457 s 15 & AR MR8 > 0.054 H /a, B3R 03 finfa #aa
3T 0.001 11 582 PR B0, DRI I P-4/ T 4 2 5 2% DX AR ity T 5 AR AR ) R R

®2 MRTRREFEE[SKEZNSTOARY

Table 2 Multivariate regression coefficients between meteorological elements and the extreme drought frequency in Northwest China

HARX KK it TR IR SIEHT H 4L KRR

Natural region Precipitation Average temperature Rainless days Multiple correlation coefficient
Pidt £ X Northwest China -0.005 -0.189** 0.032* 0.711

ZR#BX. Eastern region -0.002 -0.033 0.036* 0.592

PEILIX Northwestern region -0.010** -0.067 0.034 " 0.848

FH X Qinghai-Tibet region 0.000 -0.182 0.054 ** 0.657

w o SRR 0.05,0.01 KBS EERE

K3 SEEZHTUEEE

Table 3 Change trends of the meteorological elements

HARIX R K TR SICH H 2
Natural region Precipitation/ ( mm/a) Average temperature/ ( °C/a) Rainless days(d/a)
Pt 4 X Northwest China 0.330 0.023 *** 0.022
ZRIBIX. Eastern region -0.874 0.018** 0.346***
PELIX Northwestern region 0.593 ** 0.025 *** -0.107
X Qinghai-Tibet region 0.577" 0.031*** 0.000

s ow ok ok ow ok PRI R R 0.05.0.01,0.001 [ EAF AL

(1) 1960 4F L P04 K AR W 7K B S B {E H 276.1 mm , FLAS (A ) 3% 2 0055 T FHta3s, B8 448
0. 17 mm ; P ILAR B I 8K ot 2 90 ) i W 8, T P DRI 77 DX U 2R B0 1 3 B T 34

(2) FRYEPE AL X AR oK AR ALY 25 (R 22 5, BRI ST X5 40k 3 A4« OB S8 38 fin IX., Rk 2 A% Ak fii
A RAE 0.5—2.9 mm/a Z [8], @FEERINIX, BEKBEAS M H7E 0.0—0.5 mm/a Z[], @D X, KB
A A ) 28 7E -3.9—0.0 mm/a Z i),

(3) 3 52 4ER P IL 4 X e ity 152 & AR AR R (RS YME N 3.8 H /a, SAGAR AR ) R A - R B0 A Sl ()
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B S 4E TR 0.011 H 5 PEAEANIR] A 4R DXBRAR R DX AR HAU M A~ F AR DB s 1 5 K AR AR o e LA 2%
MRS

(4) AR VUL XA i+ 52 R A IR AR A ) 25 18] 28 5, DR FFE X R 23 3 A3 - OB X, )
S AR A AE - 0.2—-0. TH /10a Z 8], Q% EE I X, B v+ AL 1] 58 7E-0.2—0.0 A/10a Z
], RN, Wiy 52 i 5] %478 0.00—0.42 H/10a Z[H],

(5) Mg+ 52 S AR AR 5 /A i A 2 RLER B SR S, S5 T A H R 3 A O
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