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Construction of an optimized comprehensive drought index for agricultural watersheds in cold regions and its
applicability analysis / XING Zhenxiang'?, LI Gen', FU Qiang'*, WANG Jiagi' , DUAN Weiyi' , WANG Hongli' , LIU
Haoqi' (1. School of Water Conservancy & Civil Engineering, Northeast Agricultural University, Harbin 150030, China;
2. Key Laboratory for Agricultural Water Resources Efficient Utilization of Ministry of Agriculture and Rural Affairs,
Northeastern Agricultural University, Harbin 150030, China)

Abstract: Taking the Naoli River Basin as a typical agricultural watershed in cold regions, a comprehensive drought index
integrating multi-source information was constructed to evaluate the drought characteristics of agricultural watersheds in cold
regions, and its applicability was analyzed. Based on the constructed SWAT model, the hydrological and meteorological
elements of the Naoli River Basin were simulated, and the single standardized precipitation evapotranspiration index
(SPEI) , standardized soil moisture index (SSI) and standardized runoff index ( SRI) were calculated. The principal
component analysis method and entropy weight method were used to weight three single drought indexes, and the optimal
combination weights were calculated using the minimum deviation method to construct an optimized comprehensive drought
index (OCDI) that integrates meteorological drought, agricultural drought, and hydrological drought information. The
results show that the monitoring results of drought events by OCDI are highly consistent with historical drought events, and
considering multiple time scales, OCDI is more accurate and comprehensive in describing the drought situation in the Naoli
River Basin. The spatial distribution differences of drought severity monitored by three single drought indices are
significant. OCDI, which integrates multi-source information, can reveal the comprehensive drought characteristics of the
Naoli River Basin from multiple perspectives of meteorological drought, agricultural drought, and hydrological drought.
OCDI has a high correlation with different types of single drought indexes. In the upstream of the Naoli River Basin, OCDI

has better comprehensive characterization ability for drought, and comprehensive characterization ability of the annual scale
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OCDI is better than the seasonal and monthly scales. OCDI can better identify and distinguish the comprehensive drought

degree of the basin. With the increase of the comprehensive drought degree identified by OCDI, the actual drought affected

area in the basin increases accordingly.

Key words: SWAT model; optimal combination weight; optimized comprehensive drought index; agricultural watershed in

cold regions; Naoli River Basin

TR R S IR SRR A A 5 2
FIAR I H AR IR [E 78 52 1 52 H P it il 48 2%
HARKEN—FL B P E R ERRE SRS
TRIFBA AT R R . T RAR B A
S EAEBEFE R LA, AT O B R I P S
PRAUEFZRIE | BT R O ST TR A W
HIMGRAREAN IS M EMIR L E L, TRER
AR TR Ll T 5 KSR At 45
T FHR R AN TR SR T A8 450 HE1 TR AE
{540 ; Zhang 2511 R FHEAF LR T R AR EIL Ak 5%
A 48 4 (standardized precipitation evapotranspiration
index ,SPEI) 5% T~ 1961—2015 4= [ #¢ 3 1 - 55
PEFEARARUEE AR RUBE RT3 RUBE B i 28 A2 4k 5 56
w2 A5 SR I FRAE K SCT 540 b o Ak 12 T 4R AL
( standardized runoff index, SRI) 7041 T #8528/
FAIFE = FAT 3R 1956—2017 AF/K 3CT R AR FRAE
IRV T A58 A PR 2 A 2GS s T /K ST 51
SN 5 A SCHAE S 3 gk 1 K B B R R AR AR
b 5B b oE AL 1 3208 B 38 2 (standardized  soil
moisture index, SSI) , 7M1 T 2002—2019 4 7 1] i
Sl R 3 A S A IR P iz s Bos gl T
BT T8 B ; Manzano 251 R ] SPEI FAES
RTE A TR T AT 5
LT R FF AR ; Kuabiak 25007 LY 2% 750380
X i, iz F SRI F1 SPEL #id TRL TR 5K T
2 EF s Kwon I SSI Al SPEI A 57
[ 31 X 1986—2016 4F-A b+ R FILR+ B B 4
FRE R A ECR . T RIBTEIRAKCEZ M ECR
R L) 52 k0 Bl | Zargar 5510
T T RO 74 BT BRGSO
WHABEFE 7 ), 48 5 — T R IR B A2 3
— TR S KR XE LA T A T R
fiE, ARk, MR & ZIRE B SE T Re—
EE TSR M RO ) — Y AL
ZIERGE TR I AL = %k 248
A AR TRCEA A R PR
2RI T REASSOR) R EA T 2R, X T AR B B A
ZRCE PR SOR &, AMEVEEL 22, 238 W TR E X
WU B A RIRA LR R R Z N — T RE AL
I, FEEE] S 2R KA e R s Zon At 5 £

AR SR O (K7 BT AR AL 1 ik
It 2 — T R AR B AU 255 T R AR 4L
i B RN ] T B O 255 T R TTER, A
TSI R EE G VP BN W) 5 A5 31 19 A 21
HAAHIR, SOHELLF A R A RS . A
I, A S 3 /M 22 T AN R AR 20 A A T INAY
SR A HIALE LG, IR Hodin 24 A e 2 S A
F P FE 053 53 e i R A S i R 8 A [] B — = 5
B T 807 J7 28 TTRRSAR AR S B AR I B — 1
FHEBIRAL, BAT B L e R, w0z T
TR HORSOR X PR 7 T 2 o
— T RIREAEAS
FEX A i P AR % IR AR SR
F A BE 0 2215 1E 1 2 5 TR B X 4 =
FE BUR HE FERME RN D, T B AR
R, FEDCRM AL A AR AR A (R —Fh T 526
B AT 2ok B — T BRI Btk AT T R U
N X DL A T R AR SN Y255 T R AE . PRI
A SCLAFR T3 1] it AR Ay S DX AR b it S8 X Ay
BT AL A BCE M LS T 5 48 3 (optimized
comprehensive drought index , OCDI) i/ 5¥ % 1] it 35,
L5 T FARE T o iz B s+ 5 e U v iy
Y, Bl RS G RS T R
7R OCDI P FE XAl i b 5+ 51 T FL o
J&E RBEmSA] 25 18] 3 A A5 T FARAE , DU S B 54T
BIAERMES %,

1 ARXERSHERIE

1.1 HREHR

1 B 95 BT — 30, R IE T 58381
kAL RE (& B 1L R 3 ), T U P R I ) AR
], AR IAA - C W CEEE CET, T
e B AR A 9 VL AE B 424K 596 km, 2
B IAT L BT A BT A E AT AT R0 K
RAC I A, 12 U0 S Ak = YT 5 RE M, it Ja T AR
23100 km* , /> F A2 131°317 ~134°10" Jb4h 459437 ~
47°45" Z [a] 21| iR S B0V R s AU AR, I
J& T FE IR AT KRBl 2 R, AR AR 2.3 ~
3.4°C , IR B LR 1417.9 mm, Z
KK 535 mm, N 2 6—9 A, 54 4F

. 43 .



K 70% LA b RS AR T, oKD, & 2 4F
RK B 239% 2o A7 B 0 IAn i U B 5 K S
Gl EAR A 1,

® (EARM

K1
® JR3Cu
@ L

— IR FR

B 1 fHAimmiEsgts
Fig.1 Overview of the Naoli River Basin
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Fig.2 Subwatershed division and distribution of land
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TEAEH T B85 LG T R84
P > -0.5 >-0.5~2.5
B >-1.0~-0.5 >-1.0~-0.5
R >-1.5~-1.0 >-1.5~-1.0
Gigss >-2.0~-1.5 >-2.0~-1.5
R <-2.0 >-2.5~-2.0
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Table 2 Sensitivity ranking and optimal values

of SWAT model parameters
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Table 3 Typical drought identification in the Naoli River Basin
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Fig.6 Spatial distribution of drought degree of typical drought events in the Naoli River Basin
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