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Climate dry-wet change and drought evolution characteristics of different dry-wet

areas in northern China

HU Ziying, ZHOU Junju” , ZHANG Lili, WEI Wei, CAO Jianjun
College of Geography and Enviromental Science, Northwest Normal University , Lanzhou 730070, China

Abstract; The Standardized Precipitation Index (SPI) , standard deviations, and correlation analysis methods were adopted
to explore temporal and spatial characteristics of dry and wet climatic changes in northern China using monthly precipitation
data for the last 55 years (1960—2014) from 320 stations across 15 provinces. Furthermore, based on the Drought stations
proportion and drought intensity, temporospatial characteristics of annual drought were also studied. The results showed
that; (1) From 1960 to 2014, there was a general trend of northern China gradually becoming arid. The annual Drought
stations proportion and drought intensity declined simultaneously. (2) Although there was a trend of increasing wetness in
both spring and winter, it was more obvious in the winter. On the contrary, summer and autumn had a trend of becoming
arid, which was more obvious in the summer. Summer precipitation was a determining factor for variation in annual dry-wet
patterns. (3) Humid and semi-humid areas tended to become more arid, whereas arid and semi-arid areas had a wetting
trend. The Drought stations proportion and drought intensity increased in humid and semi-humid areas, but decreased in
arid and semi-arid areas. (4) Dry-wet climatic changes in northern China’s eastern monsoon area ( humid and semi-humid
areas) and both sides of the boundaries of the monsoon area ( semi-humid and semi-arid areas) had obviously synchronous

fluctuation trends. However, there were opposite fluctuation trends in northern China’s eastern monsoon area ( humid and
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semi-humid areas) and arid areas in the western non-monsoon area of northern China. Summer had the same pattern, and

dry-wet changes in four dry and wet areas in winter and spring also had synchronous fluctuation trends.

Key Words: northern China; dry and wet areas; dry-wet change; Standardized Precipitation Index (SPI)
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Table 1 Classification scales of meteorological drought for SPI
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http ; //www.ecologica.cn



6 1) B AR P RN R T XA AR A B T R AR R 7

SIS TR B3 AR SPT AL R %4 0.309/10a (il id 0.001 B3 MK kL), O
T X, HRE K DL SRR 20 B R 5a Fl 3a, Hirp 2001 4E SPIAE }-2.04, Jp 5 4Ry, 1964 4F SPI {H 4 2.89,
FFEET AR 51960 T RAEFNRIEAE 5> 5124 2a Fl 4a, FEARIEAFA, 19908 T RAEANRIEAES 514 5a Ml 3a, 4
T AR @A X, 5B e DL 1 B AR A 4300 R da Il 1a, JEr 1999 4F SPI{E N -2.19, R4,
1964 4F- SPI K 3.08 , A H#E 4F- 407 ;1960s—2000s — ELAEAE T, 1960s 1T 54 FNRIEAE 53701 K 2a F1 Sa, K ix
MBI AEAR, 20008 T RAEFNBIEE 3508 4a Fl la, M TR QP TR, HE KDL EREEHAEGR 735128 2a
1 5a, Hirf 1965 4F SPI {1} -2.66 , WAF AEHY 1998 4F SPLE N 2.12, WAEFEFAENY ;2000 T SAE FINGIE AR 43
SR 5a 1 2a, Kf T RAER, 1990s T RAEFNRIEAE 3510 2a Fl da, AR @O TR X, EE R -2
PR 5 5 4a Fl 3a, Hirf 1962 4 SPT R -2.18, MR RAEAY,2010 4F SPIAE K 2.49 , FEFE 44y 5 1960s—
2000s — ELAEZARIE , 1960s T SAEHERIEAEST 90 4a Fil 1a, i T 54FC, 20005 T 54 FIREIE AR5 )0 0a FI
Sa, MIEARIEAFEI, N 1980s AR I, 15 X T A MAL IR ]

IhAY: [ S AR SEAF T 207 AR R b TR A AL S AT S 1) B, K ELA 100°F R 5, DLl IX 52 52
feia s JRAVEIL ML IX AR AN AR b b R 35 05k B A 5 A PG e DX Y AR 34, P Gl X PR R o B R X
SRS i SR X R AR 3 2 DA B X T AR A B A SR AR — B, Mg IR R
AL 1970s LI 58 M PH A6 B 1980s i LR IS I8 #ny [ R Al BB 1970s Hi 2 21 R4 WI2R
NAEES N TR TEEE D

(2) AR X AR A A e o B

M 6 4F SPIS 4F1 2 F- X 0] LA HY . ORI X5 2 180 X 218 0 XA+ 5 IXAE SPIS 4R 8h - ¥11A
YR R i sh s Ak ke Horp 30 X5 2 1 X AR SPIS AR 3 (A A A ¢ R 50 0.673 (G 0.01 L3
PEACERIRLES ) (] 6a) , 2000 ORI TR X AR SPIS 4R sl P E A AHOC R 4K 0.387 (GEad 0.01 &K
SRR ) (T 6b) s @RI KRN 5 X 2 ORI 5 X AF SPIS AF- 4 3l F ¥ (E 2 52 5 1) 0t sh AR fh ke 34, 1
R DR T 5 IXCAR SPIS AR Bl P AR O R -0.286 (Gl i 0.05 W PEACT IR ) (Kl 6¢) , 0
T XA S X AE SPIS AR sh S E YA 56 2808 -0.335 Gl 0.05 B 3 ARG 5) (F 6d) , 5[]
B, WV DXRp - B IXAE SPIS AR 20~ 4 A AH OC R B0 - 0.133 (0.05 1 0.01 5k 35 Pk 7K1 1 K 95 34 oK 38
b)) BT R XA T R IXARE SPIS AR 3P A A OC R AN 0.068 (0.05 F 0.01 I 2 P 7K1 1 A6 6 1) oA 38
i) o ZE TR A E AL AR 2 XK R DR R X LA R Ak T2 R DX R A 28 SR DX G SR 1 0 £ 2 9 1
DX 5 XA TR AR A 38 5 0 2 [0 20 U oy 72 A 3 i vl R b g 2 30 2 XU DX 1 ) DX R > i X 55 e
A6 75 PEEBAEZE KUK 52 XA T AR 2 3 S ) P s a3 AR S A T R X
AR FiE— B IRAR
4.1.2 ERRTRAEMERE

N7 AT LA A DX I I DX AR s 1 52 3l Y L 1 S i 2 S 8 ik A, 1 2k T R XM R IX 4F
B SRk Uk LA SR B 2 S a3, DM X, 523 vk LA 3 Bt i 38 s 34, AR AR 1] R 2%/
10a, F¥ME R 32.83% ., 55 4FH A3 18 4F KA KT, LXK T2 o0 32 (38 3) s T Rom TR 2,
HARAA R %K 0.0147/10a, F-HIE K 0.88,1960—2014 44 27 45 %0 T 52 IR T 58 3, @K 18 H
X, 5 U A A W A B g A AR i el 2500 1.79%/10a, -3 31.41% , A 18 4F KA ey sl
T8, DRI T 20 3 (R 3) s TR IR 2 JAR A %k 0.0135/10a, FHIME R 1.08, £ 36
AR ETRE P ETRERE QYT R, TR LA R T RS A % 4 -0.08%/10a,
SEYIE A 31.11% , A 18 4F LA Rt T5, IR PE+ 2o £ (£ 3) s T RIR IR M5 0 TRk s, HAs
5181 %2 -0.0018/10a, F-HIE K 1.05, 4 33 FAAEPE TR, U ETRENE,@OTRX, TR LA
AR RS GELT 0.05 B HEACT RS ) | AR m %6 -4.76%/10a, F-3IE K 31.28% , 4 15 4FRE
JRE TR DURSE T o (38 3) s TR R A W A0 R a3 G 0.01 B B ME/KSE R 5) , HAF

http ; //www.ecologica.cn



8 £ ¥ i 38 &
) - BEX —— PRREHX 5 - —— RREKX ——pFREK
a b
1 F 1 F
0 0
-1 f -1
(5]
ol
H’% 22 ¢ o« ® I 2 g 9 r T -2 S ¢ o ®w ¥ o w o w =
®° g g 5 E %28 g ¢g gz T g5 8285 ¢g gz
%'C — — — — — — — N N N — — — — — — — N I N
= N S
gg 27 BRI e FRIX 2 ¢ . 2 A E— FEK
& 5 c d
&2
v
1 -
0
-1 L
_2 L _2
f=3 e o™ [ < (=3 o [ 0 < (=3 Ned o™ <<l < (=1 O o 2] <+
Nl O [l [l o0 = = [=} [=3 — o o - - o0 =3 =3 (=] (=3 —
N (=)} (=)} N N (=)} (=)} (=3 (=3 (=3 [=)} [} N (=)} N N N (=3 (=3 (=3
4y Year

6 FETFEXE SPI5 FiB3EHEFNTEE

Fig.6 Evolution of annual SPI 5year moving average in different dry and wet areas
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[X 3 T 5- Regional drought 18 11 10 12
AT X S T 52 Partly regional drought 1 12 8 14
JAIE 5 Local drought 12 18 18 15
TG 2 T 5 Unconspicuous drought 12 4 6 6

MIZEMFFE 20, T E ZR AL Aedb Y SE AR PR T R K HL AT FE0R B R i H Hram Y NS
PB4 A A B SRl Uk RN T SR R E s D B S AR ST R A R R UK L R SR R AR R X
TR I DB A T 5 DR T 5 XD 4518 AR — 3,

4.2 FTRAEE
4.2.1 TR LR RRE

M8 AT LAt AR TR XA R 2245 TR A G AR R K 200, ORI X, Br4& 22 SPI S 1 i 44
Hh,HE 3 AN SPL R/ e Horp Bk b B e, TR a4 R0 E A E R R (6
i) BRL RATD LR (5 4F) ; QIR X, B Mk SPL S/ #a i 1iiF =4 2 SPL 21N
PR BRI W H T kAR R (6 4F) KR KRR LR (5 4) ;O T RIX  FREZE
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Fig.7 Drought stations proportion and drought intensity in different dry and wet areas from 1960 to 2014
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Fig.8 Tendency rate of different seasons SPI in different dry and
wet areas from 1960 to 2014
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x4 TETERBER(F) EMNENSTHREGERAMRE
Table 4 Extreme drought(flood) year annual and seasonal drought grade in different dry and wet areas

LYY Category

THRIX Areas Ay Year -
4 Annual 7 Spring 5 ZF Summer B ZF Autumn 47 Winter
A X 1964 Froi TR Eitv Tt IEH
Humid area 2001 R R 7BE Es Lo
PR X 1964 R Friy T v LS
Semi-humid area 1999 T EH LEEs BE Uz
FHERIX 1965 i HE HE SIS TR
Semi-arid area 1998 By LEReH kv BrR HE
THIX 1962 BT i TR B CitS
Arid area 2010 FiEy &= B e i
x5 FRATEXZES SPIS £ B FHHAXEY
Table 5 Correlation coefficients for different dry and wet areas spring SPI 5 year moving average
FHRIX Areas 1B X Humid area 787 X Semi-humid area T 5:IX Semi-arid area FELIX. Arid area
2 X Humid area 1 0.724 ** 0.296* 0.154
WA X Semi-humid area 0.724** 1 0.583 ** 0.374*"
A+ RIX Semi-arid area 0.296 " 0.583 " 1 0.624"*
THAX Arid area 0.154 0.374** 0.624** 1

= QI T 0.05 AR MKPAGE: 5+« UK T 0.01 B BE VKR

(2) EFHRAACAR A7 B

MK 6 AT, B2 MR X5 20 X AR X5 2 T 5 X SPTAAAE B3 IE A C & (i ad 0.01
TEVEAKFBOREE) MR X5 X CERRIE XS 5XSPE AR 3% A SCC & (Kl 0.01 B3 MK
AR ) |, D BRI D5 0 X AR X5 o T IO Z P A AL B () 28— Bk iR i X5 T 5 X
SRR X5 5 X R A B WL 00 S ) SRR A 5 AU T AN R IR XA SPIS AR 3 F 2 1Y
R R 2L

*6 ARETEXEZ SPIS £ FHHEXRH

Table 6 Correlation coefficients for different dry and wet areas summer SPI 5 year moving average

FHRIX Areas JRA X Humid area 23 X Semi-humid area 2T 51X Semi-arid area FRIX Arid area
H23 [X. Humid area 1 0.451** -0.244 -0.427"*
AJIA X Semi-humid area 0.451** 1 0.466 " -0.359 **
FFEIX Semi-arid area -0.244 0.466** 1 0.250
FHIX Arid area -0.427"" -0.359 ** 0.250 1

# PRI T 0.05 HYKFAGEY 5+ AUZIHL T 0.01 A R E MK K

(3) Bk Z= AR SR 23 B

T W LIA R R XS R X BRI XS TRIX R RIS T 5K SPLAA W2 A
KRFR (HiE L 0.01 TFMKFRORRE) | MR EARAT PSR 6] SPTAYAHSCHE AN 2, 1 W AR 48+
X Z TRk Z TR AR A BAT [R5 — Sk, miARAR SR8 IR X Z [BIFE A Z TR AR i e rp A S s

(4) ZXFHRAACA KN M

M 8 AT LU ) AR TR IX Z[H] SPT BIFE7E 3% IEASCE R (¥t 0.01 B MK RIARRER ) |, Ul
B AL D7 PO ORI IX 2 ) 24 2R A A HLAT AR S A [R] 20 — 2o
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x7 ARETEXIZE SPIS £RFHEXRHY

Table 7 Correlation coefficients for different dry and wet areas autumn SPI 5 year moving average

FHRIX Areas T2 IX Humid area 2B X Semi-humid area 15X Semi-arid area FEIX Arid area
HEVE X Humid area 1 0.857** 0.264 -0.128
AP X Semi-humid area 0.857** 1 0.473** -0.076
AT EX Semi-arid area 0.264 0.473** 1 0.706 **
FEIX Arid area -0.128 -0.076 0.706 ** 1

# UM T 0.05 MR EMEACTRL 5+« ARET T 0.01 19 i HAKCT R 56

*8 ARETERXZEZZ SPIS £ FHEXRHY

Table 8 Correlation coefficients for different dry and wet areas winter SPI 5 year moving average

FHEX Areas MBAIX Humid area  FIRIH X Semi-humid area T 51X Semi-arid area FEHKX Arid area
{23 X Humid area 1 0.819 ** 0.547 ** 0.442 **
AR X Semi-humid area 0.819** 1 0.790 ** 0.703 **
HF X Semi-arid area 0.547** 0.790 ** 1 0.780 **
FHIX Arid area 0.442%* 0.703 ** 0.780** 1

# fQFH L T 0.05 A9 RE MK PAGE: 5+« UK T 0.01 B B E VKR

5 g

(1) JbJ5 Hu X AF SPT FEN s R, it T AL % 1964 4EF1 1997 4570 51 @ H5 05 FI4s 52 4E0y , 1960s hy fi
MR AEAR 20008 A R4, PR TR K AT R0R B FE R s W25 TR, DAER 2 X Sl pE 2 A1)
BT RN, P E TR RN,

(2) I X AEF AR IRE L ER AR E B RE TRl ERE 5% BRI
AR 728 A e B e e PR AR A, Db b IX T 2 2Tk

(3) AFTR X AR a2z 5 W3 1R DX AR X3 2 R bk 3 i Do B 5 i+ 52 X
FR T 5 XA SR A TR 2 R DR IR X AR PR b R R T SR 5 TR,
TR XARE TR XA, TR R, R X DL T 5200 & R TR A A R e, IR
X2 RO R X DR+ 5o 3, R R R A AR A

(4) AR XA R 2215 TR A A 2 A W X i X2 1 52 DXORT T 5 X 2 B e i 3 ) 2=
TR —A (L2 A (F AZ) AR ORI ZR) fIUAS (F 2 BOAZE) , 1R X2 18 X
e 5 X R A 3 SR R B K R 2 56 R % D), T2 XMl A0 30 32 22 iz AR R KR K e 22
JUT K VR DA T AR A T2 B AR R R TS, R 2 R O R A T AR 2 AR
RV TE

(5) AL T AR50 25 XX 4 i DX A2 Rt DX LA B Ak 2 XL DX R 2 XX 3 Bt T ) 14 21 3 i) X 2f
TR A TR AR A 1 5t 2 ()20 gl 20y A8 Ak A i o 1A 2 30 2 XU DX i DX R~ i X 5 R L P
B AR KUK A T 52 DO TR AR 2 3 S i s AR e S, B A B [RRE AR I A B 2= 0 K T
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