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2009). UL, 5 1% G50 W62 - HERE AR E , A
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ST, AR S LA H L VG b DX R T A R X
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Fig.1 Study area and distribution of meteorological and

hydrological stations

7.8~13.5 °C, 4ERF/K 4 500~800 mm, 4F [ 7K & 1)
65%HE HTE 6-10 H , 78 KB MR EN, Bl 28 K it
500 mm, 7K [fl % % 1 N 660~1600 mm(He et al,
2009; ZEFEME%, 2011).
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SWAT(Soil and Water Assessment Tool) i 7 &
— A3 A K SO, J2 36 [ ARO A AO AT5 R 1
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| & JRE R ) (Neitsch et al, 2011), A= A] DIK
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IKAEER LTI A KSR, IR R BRI 2
FAHBIXAF R 1T Z B (15 B3 4%, 2010; Chen
et al, 2013; Naramngam et al, 2013),
3.2.2 fEFHTEIR

AR (Y 23 7 R TE SR F SWAT-CUP (4 SUFI-2
8.1 (Abbaspour, 2007), [F] ], 48 SCR FH HeE 22450
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PR o Ens 227 SIS 55 RS 40L0EL 11 O 25 A B, (L6
FEAT 1, 2 B AL E R0 S DU 174 i 25 2 38 /)N 5 24
Ens< 0.36 I, I ABABSR AT 5 2 0.36<Exs < 0.75
B, A BEUCER A AT 5 2 Exs=>0.75 i, A A
L 1 45 SR 4 (Motovilov et al, 1999; Geza et al,
2008).
3.2.3 5T SWAT BALI45 A PDSI T 80X )
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IR RK RZEVL SR IE R SRR
R ELE BB A B AMK RS BRI
I UM E R K B RIS R K, BRI
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2013),

FRAE S PRI K B (P I 2538E FL R /K i ( P )15 51
IK G B (d) , TR 7K 43 BE S (B A SRR AE R 5
(K )FHFRAS RIK M EE e 50 Z) BRI A N

d=P-P (1)
Z=dxFk )

F1 KETFERF KK EDRE

Tab.1 Calculation equation of each water budget item

KSR KRBT
PETCS5 i H W AE 75808 ) FH SWAT 58 1 15 th
ET(55 i H I SebRzsik ) FH SWAT B0 T $2 66 1
SW (A L 4E5 K ) F SWAT B8 H 24
SW( AR+ S ) FH SWAT B0 1 #2256 1
RO,(SZPrHbzRA2) FH SWAT #5081 15 th

S ERARH L (FAO)
Al gl R FH 2R Gk o i
(ITASA) G B T BRI 1 1

AWC,(H A %R K )

JE A PR 2
PRV HEAMK ) PR,=AWC - SW,_,
R(SEBrAbK i) R, =max(0,(SW, - SW._)))
PRO.(FTREAR L) PRO.=AWC - PR, =SW,
Li(SEPRFAK ) L, =max(0,(SW,_, = SW,))

PL(FTRER K ) PL,=min(PE,,SW,_,)

A KA PR EL Z s K o 1 T BRI,
7<0, R F L T 5K, i 2 R AL T2
TARZS o

(3) T A R 2L Hff

M T LIRS 2 /K -8 5 Z 97K 2% e x5
T REEE I Rl 52 e R R AN & A% TR
T8 T L — M Ebk U T R 5K AR
T RN ) A G R (PR ZESE, 2010), hyifE—
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Tab.2 Dryness / wetness classification of PDSI

HAUE (x) SRRy FEUE (x) SRR
=4 e -1~-1.99 BMTR
3.00~3.99 N -2.00~-2.99 AR
2.00~2.99 b RRRTA -3.00~-3.99 JrET R
1.00~1.99 L eiTAlk] <-4 e 5
-0.99~0.99 EH
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Fig.2 Results of the observed and simulated discharges of four main hydrometric stations located in the Weihe River

Basin during the calibration and validation period



1160

wooBORE

Ay,
£

B 344

3 BAAIE 4K CEE BIRIRAERLT MR ER
Tab.3 Results of monthly runoff simulation of four main

hydrometric stations

FE M LA
Rel% R Exs Rel% R Exs
MLy 1007 085 0.83 1238 068  0.70
FEHEE -9.09  0.86 0.82 -11.70  0.68 0.67
BMEE 1265  0.67 0.60 -1574  0.61 0.65
MER 1619 075 0.61 3426 065 045

B, LB Rl PR G 3 76 5 5 1 (1981-1990
AEY B Re 43 51 M 12.65% 1 16.19% , 56 1IE 1 (1971-
1980 4F)Re 43l M -15.74%F1 34.26%; N A1 AR iR
A6 L3l 0 PH 3 78 585 101 (1981-1990 4F) 1Y Re 73]
4 10.07%F1-9.09% , 5 iiF H (8] (197 1-1980 4F) 1) Re
I35 12.38%F1—-11.70% ; 4 >3 15 78 558 BB
WEII RPEB R T 0.60, Exs AR T ES IR MRS
FfubAh , HoAtb sl S 4K T 0.60, Re 55 1 50 1k
AR AT 5 34.26% , HAx 34/ T 20% , e A4
IR AT o MRGERS Sl 5 T MG U IT | 32 Al o
WK IS0, Re AEHCR  BEAUL ARG 2450 2% R B i
FIEBH 25 (1) R F Exs BB HR K, 28 I I (B 7
0.80 LA I, B0 iF 3 O (4230 0.70,, Re /1N , AL 4UL 1)
iR = N S = PN R =R IDR R bt s VA S
B AR S A IR ALIORG BE B 5 , T AR IR AR
PLAsF BRI AR AR L
4.2 FEIFMIEFRATILIE
4.2.1 TR SRR

FIH = (4) F1(5)TH3 A5 BT T i 4 1972-2012

—/\~PDSI

—©O- SWAT-PDSI

1995 2000 2005

oy

1980 1985 1990

2010

B T 5245 55 SWAT-PDSI, [7] i 3% Jf] Zhao 25
(2010)3 1534 1979-2008 47 K 2= %) PDSI 5 4500 H
HEATYAIE , ST PE A SO T A8 40 5 2R
(E13) MEIHTATLLE H, A48 3CH & 1) SWAT-PDSI
{EAE 1979-2008 4FH) A Ak #4315 Zhao 45(2010) 15
[ PDSI () ARfb B A IEA A [A] , 35 e RER=
0.61, ZEBIA SCHE ST 1) SWAT-PDSI 7] LA A fz iy
AL SR I ) A A R A
4.2.2 BRI SRy BUNE R R A 25 0] 43 A ik

g i — A W IE B T SWAT A% B <7 i+ 52 3T
MR RS (8] 1 (R A BV | AR SOk UL AR Y R AR
13 A3 T AT A T 5 A 9 2 () AR R . A
KR IC A, 1997; AEARZE, 1997), 18]
TIAE 1995 AL T — e KT, S b R
JEHBIX 1) 23 A~ B REK 5500 FR 2D 50%~70% , B
IR R K b DX R K AL AT A R D T el ) B ROk
AR . T4 BRI, B HR
B R 70 Ml X A 2 AR R 50% 2547, 3
5, BEE— D R R Bt i X i & /N2 AR K A2
P06 5 6 H 173 #Y 3 AH X8 AU A 20%~30%,
LR X T B RIME ;7 H R a)-8 H KK 3 i
2, BRI Hb DX B G 1S B A, (H S5 b X 2
T RSRAFTE , I — 1 DL RF e BBk 25 9-11 A IRk R
A FOKR FEROR B A= 32 2, 17 Ho6 S
Hb DX A&/ N (A A 3 1 T R sl

A SCR FH SWAT #5704 1 T 52 PFAN 46 A 6
TE VAT 1995 4F B 8] 9 T 52 19 25 1) & R A=A 7
TP (K 4), INEH AT IE H, 3 B RS, 1

1b

1 »=-0.6336x+0.6056
R?>=0.61

S0 1
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F3  1979-2008 4F-i1 ] i 4 SWAT-PDSI AL K 214 PDSI 1 425 1k 5 Bl ]
Fig.3 Trend of SWAT-PDSI, and annual average PDSI scatter diagram in the growing season in the Weihe River Basin, 1979-2008
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Fig.4 Monthly distribution of drought grades based on SWAT-PDSI in the Weihe River Basin in 1995
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Fig.5 Yearly variations of SWAT-PDSI in the Weihe River Basin, Weihe River mainstream, Jinghe River
Basin, and Beiluohe River Basin, 1972-2012

x4 BARBRESRATREER
Tab.4 The number and percentage of months with different drought grades in the Weihe River Basin, Weihe River

mainstream, Jinghe River Basin, and Beiluohe River Basin

BT R thaGET R JrET R Wi -5
Rk AR % A AT /% A R % EE I %
T4k 65 13.89 19 4.06 8 1.71 6 1.28
TE T 58 12.39 19 4.06 7 1.50 4 0.86
RN/ 70 14.96 25 5.34 12 2.56 11 2.35
LT 53 11.33 30 6.41 10 2.14 4 0.85

D17 W1 AR e, Hor 1972-1979
A R AR T IR AN I A T Ui X T sk 1
/T 051117 1980-1999 48, ZR F b IX. (1) - It Bl A8 1545
SRR 5 R 21 g, X B e R BAR
572 O (< A ] 76 5 51 R 132 L NG 152 e 1
BAE 2000-2012 4F (B AT A8 TR # . ATl
RE B IR A TR XA A TR
2000-2012 4F-[a] G A A 4 o 3k F2 B IR R s A AL
BB OA B S L IX BEOK B R T D inz H B TR A2
T R A 5 12 DX 4K AR O 4
+, B R ARG D, PR AR )2, R BULR
WSS, o kBT RHE,

byt — 2 B T AT T 5 R A A, X
1972-2012 4B AN 300N [R) S5 20 T 52 & AR 11 43

[ A AT T 50 HT (B 7)o NIRRT LIRS0, 38N
]S R A M X e B DA 5 R AR A AR B AR
HBTE 16% LA I, Herp il ol 3 U AL il T i
25%~30% , LI AT el R ) i de L T
30%(E 7a); HAELL R J0 i FE e
Vi R R (> 18%) , AL Y A VY b DX AR A P 4L
RIS 25 b X B AR (<11%) , HoAth X FE AL T 1%~
14%([& 70) 5 7 LA T & AR AR B 1 FRAIG, 3
AEF 1% AT, Horr, A0 a7 g a1 i A 6 4
(>8%), HUR Ay 0] it 3 R Ui L IX, A T 6%~
8% , BT T AT Ui L X AR AR, FEAAL T 6%
DU (B 7e) s 5 T+ 2o Uk, AN IR AR AR
FRAEA , A b 3 Tl it 3l RN 8 e 4L Ui ) — 2L
X KT 4% , HoAthtth X HAE 4% LA (K 7d)
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Fig.6 Spatial distribution of drought based on SWAT-PDSI in the Weihe River Basin, 1972-2012
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in the Weihe River Basin
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Spatiotemporal patterns of droughts based on SWAT model
for the Weihe River Basin

ZHAO Anzhou"*, LIU Xianfeng"?, ZHU Xiufang"*, PAN Yaozhong'’, LI Yizhan"’

(1. State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing
100875, China; 2. College of Resources Science & Technology, Beijing Normal University, Beijing 100875,
China; 3. College of Resources, Hebei University of Engineering, Handan 056038, Hebei, China)

Abstract: Drought is a complex natural hazard that is difficult to define and assess. By considering the hydrolog-
ical cycle of river basins, a drought evaluation model SWAT-PDSI was constructed based on the Palmer Drought
Severity Index(PDSI) and simulated results of SWAT (Soil and Water Assessment Tool) in the Weihe River Ba-
sin. Moreover, characteristics of the spatiotemporal distribution and frequency of drought hazard in the basin
were analyzed. Results showed that: (1) The calibrated and validated SWAT model can be used to predict the hy-
drological process in the Weihe River Basin since it results in similar simulated trend of change as the observed
data; (2) The SWAT-PDSI model based on SWAT and PDSI well describes the characteristics of drought in the
Weihe River Basin as verified by the drought indices in 1995; (3) Temporally, the Weihe River Basin, Weihe Riv-
er mainstream, and Jinghe River Basin showed a drying trend and the Beiluohe River Basin showed a wetter
trend, but these were not statistically significant at the 0.05 confidence level; (4) Spatially, the annual average of
SWAT-PDSI was between -1 and 1 in most subbasins; (5) High frequency drought areas were mainly distributed
in the upstream of the Beiluohe River Basin and the Jinghe River Basin.

Key words: SWAT model; PDSI; drought assessment; the Weihe River Basin



