ISSN 1000-0933
CN 11-2031/Q




& s 2R

') (SHENGTAI XUEBAO)
smmemiemmienney. 0 B 34 B F2H 204 F1H (FATF)
E] V4

AR 5FER R

HE S RIS R B R AG E EIE IR A PE A A0 e A E B E (239)
F AT B S LA B A 85 e T 2 1] S5 TR By wvvvvevnnnnnnnnnnssssissiitintias WA EBRE, A (247)
REKERT P RBAE RN EFETERATHRRE Yol e THEF,KANE, G M, F (258)
G e R b I A L P A RER, &L E (269)
SR BT S A S AR HE R veeeeeeeeeeeen ettt a e e TRAL,E ¥ (282)
B R A S F Btk BB S B R B o veenreeneeenre e ee e Bl bR B T (294)
W Z M T A G IE SR AT GO HE b ceveereernnrere et x| 4 kA& A L% (307)
R T Ll T PP wT A (316)
MESEMETS

NaCl Mt F i R4 A KA A & T B E M5 Bt e X B KR M HE, F (326)
AR A E B H AR R T S Ao vt 2R E M ARG PLEL «ooveererrrrreeneen WooZR, B R, W R, % (337)
Oy FE LAT-2000 L AE X558 55 JE B AL GG O T v vvvernernennsennennenneinenennees T O EKALINER,E (345)
K* Cr® 5 ) B 4 kK B A B T W vy eeevveeeenneesneseniie e, VIR F O Bk (353)
WA R R R E A 3 HLAE cvveeeenreeeeineee ettt £ MY M EBE. % (359)
B BHENAESRESR

EMBRAETORREEBZEMOET T oo IVETREEE R B (367)
HEPHTRRAN @B EFER MBI SHPE oo BHE TR REE, L (377)
T R A B G E AR A AR B IRAT LR R AT coeveeeeeeeeennns RN ENE B3R % (390)
AT A M IR H A K H B AT R A IRAG R om e eeeeeeeeneeen BEUAT X KR (400)
LA RN R AR A RS EHAEB G A B T e Rl s EENR,F (410)
1961—2010 £ 2 F 23 K B B E K = B YR GGAEIUGAHT vvvvvrrenmennnnne ¥ ML LB B2 (421)
LRI B 20 B LE AR AL B A B AT A B G R verreerereeeee e UTIE, EES T I % (430)
R R FEE N A LIRS D AR REBFFFAE  -oooeeerermeeeeeiinens FRE,RFE, I (442)
N SEBI 6 FRARMER LEMAED T T RACHAE oo x| gk k| FE e ot (451)

=W KFEMEIRER
FREH R T L EACHAEB X AR TACH oL woveeereneensenns tRESE B, X % (460)



BEHEH X NE TR L E Z oo kxS, ZF,KANFE,E (471)

FHPABEELEG LIEANBREEDTHAL ooeeereeen ks Rk, ), % (482)

BT A BT ) L T ARG A E AR e R, A, EHL, & (491)

W3 R

FREFREATEE TN TR IR T T TR o Xk K FE & L, % (500)

B i o - e WEH  EZWMA (509)

SWAT HERL 332 WAL By ZAL 8 BB HT——ATHL 0 B R AT TR A ] -oeeeeeresseremsnesssneseee
............................................................................................. oL R KA (517)

HAFIE A S CN 11-2031/Q * 1981 # m * 16 * 288  zh * P % ¥90. 00 * 1510 * 29 * 2014-01

ECEEECEEECEECEEECEECEEECEEE

SR & AR —— P ERA A R oA LA B (Y 1 5K, A T R TR T e S LA R T R R DA T
SElT A, SR WA SR A (L MR SRS R R SR IR A S R e rh T A AL A . R
TR I8 SR RARTE 0. 2—3 wm Z I BDGH H IR BRI A Y . BUCRTR WA A (U HE A S R G h AR ) i
AL P g 5 B 2 DRR R R A S R G AR . BIFTE W , KA P 2 5 il A R 7 B A )
TE 33 A 2 R L ) 2 DR, R R 3 1 45 2 2 0 41 K A e I 2 v W L 400 - T A1 B R
SERZHRL (PRI P282) .

FHERM. FEAEdE  Jbm Ml K% E-mail; cites. chenjw@ 163. com



55 34 45 2 4 = 3 i Vol.34,No.2
2014 4F 1 J ACTA ECOLOGICA SINICA Jan.,2014

DOI: 10.5846/stxb201301240148

TR R, X, A A MV M X T R AR AR S X A AR A e B A A2 4, 2014, 34(2) £ 460-470.
Xu J W, Ju H,Liu Q,Yang J Y. Variation of drought and regional response to climate change in Huang-Huai-Hai Plain.Acta Ecologica Sinica,2014,34(2) .
460-470.

HiEBMX TR TSR E SR i A

~ 1,2 pel,2 s 1,3, 1,3
gt & Y R T aEE
(1. FER M BR 2= Be R ML IR B 5 0 R 82 & R S TR R SRR S PO AR F K TR LR =, Jbat 100081 ;
2. v AR FRES S S8 Jb st 1000815 3. RS KR A58 4 , Jb st 100081)

TE N TR ARAR AT S5 T B0 b X 1 T AR 26 T B0 V5 34 S0 AU 1961—2012 AR G 8k, filf FH AR X
PR BRI T 3L 50 45 BME R IX A /NZE A K T B 4 AT TR 23 AR AL S SR AR R e R . S5 SR R (1) 1E
FAHIIN (1961—2011) A& /N K BT 5L (HURAEIE 20 4R T 54 TN A%, BTS2 E s —F R4,
(2) BEEMHLIX 1961 4ELIR  FH T LR/ NEA R BN R E K T 5, TR F] 00% DL I, HhE &
PIZdn T 5, 3 AN B A B U P LR M R A T SR X, HL 4 AN AN A K BT R S T SR Y X 4
AN e ) GG A (3) B VRV Ml DX A T SRR X R K R PRSI X B i 3 AN R A b e IR
SRR AR B 5 T 5 F N AN s AR A B

Variation of drought and regional response to climate change in Huang-Huai-

Hai Plain
XU Jianwen]’z,JU Huil’z,LIU Qin"3’* , YANG Jialrlying]’3

1 State Key Engineering Laboratory of Crops Efficient Water Use and Drought Mitigation, Institute of Environment and Sustainable Development in
Agriculture, Chinese Academy of Agricultural Science, Beijing 100081, China

2 Key Laboratory of Agricultural Environment, Ministry of Agriculture, Beijing 100081, China

3 Key Laboratory of Dryland Agriculture, Ministry of Agriculture, Beijing 100081, China

Abstract; It is widely recognized that the frequency and intensity of exireme weather events and climate disasters have
strongly increased with global warming. The area of influence of climate disasters has also increased, which has had adverse
effects on sustainable social and economic development. Drought is a recurring natural phenomenon, and is associated with a
deficit of water resources over a large geographic area and long duration. Drought is attracting increased attention from
scholars, with a focus on its intensity, duration and areal extent in northern China within the context of global change.
Investigation of the variation of drought and regional response to climate change is very important to agricultural production,
and can provide a reference fordeveloping appropriate measures to reduce droughts on the Huang-Huai-Hai(3H) Plain. At
present, relevant research is more inclined to study meteorological drought itself, without consideration of drought
characteristics in different phases in crop-growing seasons and the climate background of global change. In this paper, we
determine drought characteristics in all four seasons and the winter wheat growing season on the 3H Plain, together with the
effects of climate change. Based on data of 34 meteorological stations from 1961 to 2011, a relative moisture index was

calculated to investigate the spatial pattern and temporal variability of drought characteristics on the 3H Plain. The results
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show varying degrees of drought in spring, winter and the winter wheat growing season. Drought frequency exceeded 90%
over the past 50 years on the plain, with spring and winter the driest seasons. There were high-frequency drought areas in
central and northern parts of the plain during spring, winter and the winter wheat growing season. The regional distribution
of drought intensity and frequency showed an increasing tendency from south to north. A wet trend was detected on the plain
in the winter wheat growing season over the last 50 years. However, the relative moisture index changed since 1978. That is
to say, the index had an increasing trend from 1961 to 1980 when the plain was wetter; the index decreased from 1980 to
2011 when it was drier. Overall, although drought eased over the entire analysis period, a serious drought tendency has
emerged over the last 20 years. In addition, temporal variability of the relative moisture index was significantly correlated
with precipitation, solar radiation and relative humidity. This indicates that drought characteristics of the plain were more
sensitive to these three climate variables. This has received increased attention in recent years with respect to addressing
climate change. The results of our study indicate an arid trend, with increase of temperature in spring and summer on the
3H Plain. Therefore, relevant agencies should create an early warning system of extreme weather events and natural
disasters, toward improvement of future regional agricultural scientific management and decision support systems in
agricultural production. These agencies should also adapt to climate change by selecting strongly drought-resistant crop

varieties and by adjusting cultivation methods and management measures, especially irrigation measures aimed at spring

drought on the 3H Plain.

Key Words: relative moisture; drought; season; winter wheat; climate change; Huang-Huai-Hai Plain
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Table 1 The Meteorological drought classification of relative moist

index

1 FA AR

Level Type Relative moist index
1 T5 -0.40<M
2 B -0.65<M<-0.40
3 hE -0.80<M <-0.65
4 W -0.95<M<-0.80
5 R M<-0.95
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Table 2 The characteristic and trend of variation of relative moist index

SEFI{E Mean #% KAl Maximum #%/IMBE Minimum AR AL H Slope/10a
# 2% Spring -0.63 -0.92 0.003
B2 Summer 0.09 -0.40 0.013
FZ Autumn -0.36 -0.82 -0.007
A2 Winter -0.72 -0.99 0.058 **
K2 Growing season -0.57 -0.76 0.018
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Table 3 The response of drought in seasons and winter wheat growing season to climate change

L NUEE T IR AF X B2 R R Rl 1k
Tmean Rs RH Fs P
/C /(MJ-m™%d™") /% /(m/s) /mm
REER PR s HE 0.315** -0.172" -0.831 -0.205 " 1.721
Annual variation tendency ES 0.063 -0.728 " -0.239 -0.140*" -6.815
of climatic factors(/10a) A 0.224** -0.296 ** -0.852 -0.157*" -2.219
X% 0.420 ** -0.269 ** -0.479 -0.206 ** 5.538**
AR 0.329 ** -0.286 " -0.687 " -0.204** 9.596
M 55 MGEEZR DIAR I R B B -0.287" -0.588 ** 0.674** -0.198 0.985**
Correlation coefficient of M LE= -0.391" -0.383"" 0.589 ** -0.176 0.979**
with climatic factors e -0.176 -0.488 "~ 0.575"* -0.147 0.987 **
27 0.165 -0.554*" 0.512** -0.244*" 0.983 "
ERZE -0.100 -0.441"" 0.468** -0.209 " 0.976 **

3 iS5
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&, TR InErSHEA MRS,

(2) BRI HLIX 1961 AE LK, F S A F DL R4
INEER BN R NARREN T 5, T 5005
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BB g v b b R Sy e AT R Xk, 5L
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3 Y ZR IR i R ) R

(3) REXHR I B2 B4R BRAZ Ak SRR R PR 56 R0
AEG P85 ) 728 £ Wi i 38 A G, BRIV I Vi b DX 1 T 2
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