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Fig. 3 Trend of irrigation water withdrawals and consumptions in Huang-Huai-Hai Plain from 2003-2014
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SEAER T 0 [ FRITEL S scPDSI 1 R 3 m T R X EME K i md . &l 8 iz, ik
UK 38 50T scPDSI R FAHCOC R, Horb 8-12 A B HUK 34 m iy ek S
scPDSI & i F ALK R (>0.70), 1-7TH “HEXRAEZANEE,

FH A /INAE RN Tk () E B T A, B oK S B R 2, MKBOh e, H
TR R, R — R O TR R K RN . (AR AR IE R, WFEA



1234 H % % | 2% i 35%:

M scPDSI<0 M scPDSI=0

2_

: |H|H | |
%m 1l h|MﬂML a Jm“.“m
e W | WWHIWWM'WWWWHHMW 'WHI| |"
.__]_

,2_

-3

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Gy

6 2003—2014 4 scPDSIZEfL
Fig. 6 Temporal change of scPDSI from 2003-2014

1.5

THEME, X TREABENHXER. & [ .
INFEHEWEI R B BIRAEES, BN = s
XD, R REBE RS K mE K, 10 H—BN 0 .
KON SR, K AR, 8Os v

1444

DU N T80 FH K i 2 S 35 8, PR b iz st 3 %x ’ R=0.6042 ®
WA X TR AT B G 2R 2 )

0 50 100 150 200 250 300

3 élj:ﬁ/b\ 51#‘/!3\ ORI R F 0T EL
L Bl 7 B D I OK SRS E R T 0
3.1 itig 488 TE% 5 sePDSI ¢

FH P R ERUK /55 sePDSI T2 35 20 (8] 28 Fig. 7 The relationship between scPDSI and number of
’ﬂj ﬂ_"‘:?ﬁ u& [z] 7 Ef%n , /ﬁ%q:':%/ﬁ\@ﬁ{%{%}ﬁ irrigation water withdrawa]s. ano.maly'l positive units in
KR, EEENEHTRL TSR0 Fuangsfuai-Hat Plain
SRR, A TARIEREYIEFE ALK, WRERED LKA, R FK &,
MNRETRERINZERE, EER-F R X T 2REnEik, TREAmE L,
SRR AT ORI ANA AN 5 5 — 7T, RS X HB R KRR N, 80t T kxS
IR ITAMA AL, R K R T 7K RS AN T 3 A2 DXk FH /K o S B ka3

i MK At i AR AL R R A R Sh AL RV E 45 . AR ST GRACE £idli it
BT R KR T i (WSD) FonsKi o it, BRTAROD I ARG 520t Bl oK fif
B2 . N9 BT 7R, 2003—2014 4F ¥ U 5 SF J5t bifi Hb /K fif 2 7 300 5 52 0 a9,
2009—2014 4E i Hi K fif it FE A R S PR . 454 scPDSIFEBURLE M (E6) mlH, /K
R IHESRE TRIEREA B EWIEMLER (=0.72, a=0.05), [FF, 256K 3
AL, BTz X R R A TR H R R K, Bk AR RS T K ik
i) B SRR, [ B K BN, 1K R . ikl A, K%
TR T 2% X A hn, S R T KA Y
3.2 4ig

ASCLL WaterGAP FLAUVE EHUK & AIFE/K S ds . scPDSI 484050 F1 GRACE



54 PR AE S5 BN RO RE KRR IE RS R T R R 1235

3 3 3 3
5 a. 1/ o b.2J] 5 c.3H 2 d. 44
_1fe 1| = 1< 1 .
2 0 £ & o o 2 o .« e 2 o] $ .
= ——e ° L T & T e— [ % ae
R |—5 . - 2-1] o . a1 ® o ry 2 -1 . .
) i ° 2 b ) ° 5 ° .
R*=0.0205 R*=0.0095 R*=0.0578 R=0.114
o 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300
UK Ko B ey A UK R0 iU HUK G HEF RO SR A FUK SHEP R F O iU
3 3 3 3
5 e.5H 5 f.6H 5 g. 7H 3 h. 81
° o e
_ e ey e 1 g5 1
& -1 - . 2-1 _—g o 21 o % &1 —
2 hd 3 o ° ) .
R=0.0928 R=0.2853 R=0.3453 R=0.6042
0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300
BOK LSRRy S0 804 UK SR F o BocBuAS UK B R F R B EuA BUK BB KT 0 e EuA
3 3 . 3 3
y .91 e Q10A e KU 2| JL128
_ 1% R % s _ 1l U = s o
2] L ] S J 7]
0 a 0 Q0
%’ | e i &3 | ° i . %7(1) o %o r‘—% -1 ol % ..'
) ° ° 5 'o ° 2 ° ) o ®
B R=0.5721 R R*=0.6483 R*=0.5633 R R=0.5261
0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300
JPOK AR K F 0 ey~ BUK BEFEE K PO e By A UK BRSO SR A UK SR FOoR S RuA
18 1-12 H BEI- T UK S EE S KT 0 A9 ICE S sePDSI G R
Fig. 8 The relationship between scPDSI and number of irrigation water withdrawals anomaly
positive units of each month in Huang-Huai-Hai Plain
15
m VSD ----- L (WSD)
104
1T ”l {”‘
e Ml
g 0_ I | ‘I “h‘l |'I|~I-|I._ ||| s
5 Sl L ﬂu'mWW'mm“q
L -mye =t Y Mr-r--4---
& -2
_5_
~104
-15

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
AEAIN
A0

9 2003—20144F WSDZE{L,
Fig. 9 Temporal change of WSD from 2003-2014

T3 BB R LR, AHT T BT 2003—2014 AEHEWE /K SIS AR ARARAE , TR
T “EBMRKE—SSTR—AMEETH R, MR AHL: (1) WaterGAPEREUK
HEFIAEZK T 45 B AR A7 b S5z e U Vi1 S o P /K e Y B 25 AR AR RRAIE . 2003—2014 4F
BT P I K s S ka3, ELIATRE L L AR RT3 55 R R FH K e BG nasehy
B (2) 2003—20144E B TR L AT T2, H5RHK MR 7 BE A8
IR R (7=0.72, a=0.05); (3) HEMADKE SR TREA B WAL MK
F (R=0.60), H8-12 ARIEYAEKIE T EAEBRADKRZmE R, /EX2T5
FEMEBOK LRSI R, SIS Dl K 6 5 500



1236 H % % | 2% i 35%:

2% 3 ik (References):

(1]

(2]

(3]

[4]

[5]

(6]

(7]

(8]

[9]

[10]

—
—
j—

—

[12]

[13]

[14]

[15]

[16]

ASOKA A, GLEESON T, WADA Y, et al. Relative contribution of monsoon precipitation and pumping to changes in
groundwater storage in India. Nature Geoscience, 2017, 10, 109-117.

58, TROUIE, F9t, A5, 8 I T S I ARl X b T AR MO AR 5 DR B ). HbER = 4R, 2016, 37(3): 257-265.
[TIAN Y L, ZHANG G H, WANG Q, et al. Groundwater safeguard capacity and dependency degree of agricultural irri-
gation on groundwater in the Huang-Huai-Hai Plain. Acta Geoscientica Sinica, 2016, 37(3): 257-265.]

AL, DRI, Bl U B PR TR A 9 P K R AR AR 3. R BT & AR BESE, 2019, 4(1): 58-64.
[XIONG Y F, XU H L, ZHANG G P. Changes in agricultural irrigation water consumption in the Tarim River Basin.
Land Development and Engineering Research, 2019, 4(1): 58-64.]

TLAEAT, e, KA. TR RO K S GE T AR I i ) 350N 38 A /KR, 2016, (7): 50-52. [SHEN Y Y, 1Y,
ZHANG S Q. Challenges faced by statistics of agricultural water use in China and advices. China Water Resources,
2016, (7): 50-52.]

FAAR, X E I, wA k. SWAT Ry JE R S5 H4 Ko iy FHAFSE. HPRL22 E R, 2003, 22(1): 79-86. [WANG Z G, LIU
C M, HUANG Y B. The theory of SWAT model and its application in Heihe Basin. Progress in Geography, 2003, 22(1):
79-86.]

FELR, SR, £, 45 BT UGH SWAT BB 14 g 77 22 /K IR DXIE L /K SRl 40 A7 Aol T P22 41z, 2018, 34
(14): 94-100. [CUL Y L, WU D, WANF S W, et al. Simulation and analysis of irrigation water consumption in multi-
source water irrigation districts in Southern China based on modified SWAT model. Transactions of the CSAE, 2018, 34
(14): 94-100.]

MULLER SCHMIED H, EISNER S, FRANZ D, et al. Sensitivity of simulated global-scale freshwater fluxes and storag-
es to input data, hydrological model structure, human water use and calibration. Hydrology and Earth System Sciences,
2014, 18, 3511-3538.

FROCHE, 24T, X v, A At P JRUR XU TR 7K TR ik xd Fg K A2 A i iz, K B2 35E Jig, 2006, 17(1): 43-48.
[ZHANG G H, FEI Y H, LIU K Y, et al. Regional groundwater pumpage for agriculture responding to precipitation in
North China Plain. Advances in Water Science, 2006, 17(1): 43-48.]

B RAL AR, F MG, 45 BT 2 0 T R RO LRI SE: AV R B IX A, H AR BER AR, 2018, 33(7):
1257-1269. [HE M, SONG L S, WANG Z P, et al. Evaluation of drought monitoring indices based on multi-source data
in Southwest China. Journal of Natural Resources, 2018, 33(7): 1257-1269.]

FIRAL, A, FE S, 5 BTG RUR T R AR B T AR I S R . Ak TR, 2016, 32(2):
161-168. [WANG Z L, L1 J, HUANG Z Q, et al. Spatiotemporal variations analysis of meteorological drought in China
based on scPDSI. Transactions of the CSAE, 2016, 32(2): 161-168.]

Ik, 2B A, FT 2, &8, TRV TS 5000 i 1 X3 R k. v R HiBRER2E, 2017, 47(3): 337-353. [YANG
Q, LIM X, ZHENG Z Y, et al. Regional applicability of seven meteorological drought indices in China. Science China
Earth Sciences, 2017, 47(3): 337-353.]

2R, XSS, PVIRSF, S5, B b DXOPF b 52 R B I 25 4% JR i 8. A 2527412, 2018, 28(12): 4454-4460. [LI Z,
LIU S L, SUN R H, et al. Identifying the temporal-spatial pattern evolution of the multiple cropping index in the Huang-
Huai-Hai Region. Acta Ecologica Sinica, 2018, 38(12): 4454-4460.]

XB, SRAEZE, B, A5, BOENE T UM DX AC/NAZ R a3 0 MR S IS ARl T AR, 2010, 26(5): 40-44.
[LIU M, WU J J, LYU A F, et al. Water stress of winter wheat and irrigation strategy in typical region of Huang-Huai-
Hai Plain. Transactions of the CSAE, 2010, 26(5): 40-44.]

WELLS N, GODDARD S, HAYES M J. A self-calibrating palmer drought severity index. Journal of Climate, 2004, 17:
2335-2351.

VAN DER SCHRIER G, BARICHIVICH J, BRIFFA K R, et al. A scPDSI-based global data set of dry and wet spells
for 1901-2009. Journal of Geophysical Research: Atmospheres, 2013, 118: 4025-4048.

LONG D, PAN Y, ZHOU J, et al. Global analysis of spatiotemporal variability in merged total water storage changes us-
ing multiple GRACE products and global hydrological models. Remote Sensing of Environment, 2017, 192, 198-216.



54 PR AE S5 BN RO RE KRR IE RS R T R R 1237

[17] B3, S T, fRE 2L, 45, 36T GRACE Kl i i [ K fiff it B AL RRAE 2 BT, H AR B 2241, 2018, 33(2): 275-286.
[CHEN K, JIANG W G, HE F H, et al. Tempoal and spatial variations of water storage changes in China with GRACE
data. Journal of Natural Resources, 2018, 33(2): 275-286.]

[18] SUN Z L, ZHU X F, PAN Y Z, et al. Drought evaluation using the GRACE terrestrial water storage deficit over the
Yangtze River Basin, China. Science of the Total Environment, 2018, 634: 727-738.

The spatial and temporal variation pattern of irrigation water use
and its relationship with drought in Huang-Huai-Hai Plain

CHEN Zheng', WANG Wen-jie', JIANG Wei-guo’, JIA Kai’, CHEN Kun'

(1. Chinese Research Academy of Environmental Sciences, Beijing 100012, China;

2. Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China)

Abstract: This paper aims to analyze the variation pattern of irrigation water use in the Huang-
Huai-Hai Plain and its relationship with drought. Based on the irrigation water consumption
and withdrawal data, GRACE data and scPDSI data, the relationship between irrigation water
use and drought in the Huang- Huai-Hai Plain was analyzed in this paper. The results showed
that (1) irrigation water consumption accounts for about one-third of the water withdrawal. The
irrigation water use in the southern part of Hebei province, Henan and Shandong province is
higher than that of other regions. Irrigation water withdrawal in the Huang- Huai- Hai Plain
increased from 2003 to 2014, with a rate of about 37 mm/month. (2) The meteorological
condition tended to be arid, and there was a significant nonlinear correlation between scPDSI
and the number of cells with positive irrigation water withdrawal anomaly (R*=0.60), especially
from August to December. (3) The obvious decrease of precipitation led to occurrence of
drought events. Therefore, irrigation water withdrawal was increased to ensure grain
production. This indicates that drought is a major cause for increased irrigation water use in the
Huang-Huai-Hai Plain and exacerbates the terrestrial water storage deficit.

Keywords: Huang-Huai-Hai Plain; irrigation water use; meteorological drought; water storage
deficit



