F21EE S H
2023 4F 10 A

P 7K b 5 KRB B Cor e 30)
South-to-North Water Transfers and Water Science & Technology

Vol. 21 No.5
Oct. 2023

RARLL, FME, Finfe, 5. 51V HFIE TR KR DORISZ K T 58 XU [T /KL IR SR IR (Fhde30), 2023, 21(5): 996-1005.
SONG Z H, WANG H, JING H, et al. The risk of concurrent drought between the water source and destination regions of Yangtze-to-Huaihe
River Water Diversion Project[J]. South-to-North Water Transfers and Water Science & Technology, 2023, 21(5): 996-1005. (in Chinese)

53 IFE T IE/KIEX f1s2 7k X FE2Z 1B X
RE TAE Fonl AR, AL TR, EA!

(1. KITAKFNZ: B K T REBR, TRIX 4300105 2. T RG4S 5 [VLEEHE TG FRZA ), 590 450000)

FEE: T 28 2 E e B TR R K TR AR ES R, SRR ARG 5 LU i AR AU KRR 52 7K DX T 52 8 3 X
6, K AR AL %7K 7% 138 2 (standardized precipitation evapotranspiration index, SPEI) #l Copula F i #4 £ 7K I X Al
R P e ) e TN VT 1 N S R e R R e D N R B B N R F B S i
1960—2020 477K I IX 1 32 7K X & A T 5 I 503 50 51k 27.32% 1 29.78%; A Ak 56 F WA X 2 & AR AR Y
7 0 S 3, S HE T N R A AR R 3 109%; VRIS AR IX N 57 K X ) I 2 AR T 5 AR 2R HE TR D)
151 5.49%; R TP A0 4 4F T 52 0 A S TUTE A Y S 084, Sl VRO T 5 00 8 A0 R e R AR A P HE U R
(SSP2-4.5 1 SSP5-8.5), 47k /] T~ 5 A A A0 58 AR G B ey o T 7% 2080 308 JRU Iz 485 o xof 95 i R K TR S a8 R AR R TER

Pk, PRt 3 U5 ) 3 N PR SR, SR K TRE IE s 478 BRI K YR T RS A FH S LR
S 5IVLEEE TR T 59818, Copula #it; TR K dsfk.

RESES:TV213.9  XEKARERM: A

P R K TR R K ST IR & i 7K
R B 7K TR B A ) A, IR K M X K R
it 2 SR b DX K R7 R K A1) T A2, B 7R ok Bt
PGE 25 3 A AN Y5 46 ) R, % T 28 Ak DX Bl K 9% AL 55
FIE ARSI A Tt AR A EER X, 5
VLU TR 2 R A VLR 90 T AL 1] 9 T e i e X 5
TSN K R K TR L B TR, SR IR 172 3T KA
K H KRR T AR 22— KT R i X 3 e o
T T IR E AR FR T KX, 52 2 KU 1Y 52 ), 1%
DX 52 g 5 A A A BT T Xk K Y 1]
P B A2 1] 25 Sk, TR KR IR 32 K X 25 5
IR A RS, A [ B 2 A 5 S SR ) T
TRAIIE O, 23X TR 1E 5 V8 BE i 47 Fsl e & 4% 4E
HIGEM . eAb, BEE RS AL ZEE B 52,
A BRI B T 5 DR e TR PR A O i o <R R
ML R RASSE B IXBOKRIRE R, AR RGN
LU R R A R EH R . PRI, PRI
AR AT 5 VLG HE TR K IR X RN 327K X T 52 08 i

i BEA: 2023-05-29  f&[E BHA: 2023-09-25

DOI: 10.13476/j.cnki.nsbdqk.2023.0095

JRUISS: e R, o T 8 3 4 A8 LRI K B 5 AT e 52 )
HEAEZERE L,
KT A K TR R A XS ) A AT 5
F AP ON X IR K T A A A A
DL T R am e S i BRI R R E A MK
JeyE TR BRI TR AR B gy
e RZ KA Copula B¢ & 7 A [A] X 48 [ /K 545 17
(R ERBr 43 A 43 A DX S A i AR . AT ™)
A DA I E AR IEF Copula BEE /AR EE T
ErP G K TR KL R & TR RS 1 5HE T
TRV DX 55 A 0 AZ 7K X R 7K B EK A 3 AR AY, 27640
B 1 K T AR AR X5 32 7K DX 87K =5 A 8 3 XU 5
B ZAEPY R Copula J7 ¥R T K JL IR PE £
— W TR K X AR It 5 T B R 2K 22 TRl B B A
O3, VA T A BT IR K A AT R T W S A by
T DI SRR it 5 A T 38 X 5 L TE TR AT
KB, I 5T Copula PREHAE 1 X 7K 5200
e R B 5 3 A B R s kB ST AT

) & tH ki A 18] : 2023-10-09
[ 4% tH AR b 3k : https://link.cnki.net/urlid/13.1430.TV.20231007.1538.008

BEEWH: B E S L5 H (2022YFC3202300) ; F5 H AR A 450 H (52309002) 5 17 A 25 MR BE It AR B 45 2% 551 H
(CKSF2023298/SZ); BIVLE e TRE (il pa B ) TRERHIF AR 4550 B (HNYJJH/JS/FWKY-2021004)
EE RN RELL(1995—), W, RPN, TR, Ht, F2MAFKIOK BRI EIF5E . E-mail: song.zh@whu.edu.cn

*99% - £ K5 5m%


https://doi.org/10.13476/j.cnki.nsbdqk.2023.0095
mailto:song.z.h@whu.edu.cn

K&, % FILFEIRARERMZARTZHEENG

AU Liu 5513 40 b R K AL IR 2R TR KR
DX AZ 7K X B B I & A, BRSE 1 g /KL I
Hh 28 TR K R DX 32 7K IX 5 T 8 XU K X T
FEBATHIREIR o Hehh, KA R A
BB UG 1 AR [R5 5T DI A = 4 1
T RURS

AR SCHE T o v A Bk 7K 75 IR 46 #X (standardized
precipitation evapotranspiration index, SPEI) fll Copula
PRI ARFT TN VLT 1 TR K IR XA A2 7K DX 1 5L i
PSP LN R 5l XU, ) AU X T
bR XU 92 1k, K TR s 17
A P T 2 M AR PE R S HE

1 ARXEREE

1.1 AF 50 R 3R SL

SIVTHFE T RS AE T, WM AR R, s
T, B4 Y R AR K SR TR, TR
W2 (KO & S T IE RIS R =, 45 G A0l AR K |
3G BLI) KT K AR SIS L HER SR LR A A . T
UL KVE W Ke g 28 151 55 B (i, X)), 42
TR LR bk, JTEW . Sl A, NE©.
T W L IR AL ML BB =N 13 A4
DL R TG4 T8 0 R 2 AN T B A b X, A2 K X
SRR 7.40 7 kn’, Horp, 280l 5.85 07 k'’ YT R
B 121 J7 km’s TAREX N IR AR oK &
k1 344 mm, WEIT IR 2 AR R K o 875 mm,
52 5 WA, BEAK AR AR PR M BCAN Y . TR K
TFBIVLHL A 300 m'/s, BLKI 2030 4F £ 45| 7T
BKEN 3427 12 m’, 52K X0 S0 5 T3 e T2
Fe KB Ry 24.83 12 m’, Horh, 28048 19.83 {2 m”,
TG 5.00 {4 m's LAKITH R XK, DL
BRFE R K1 15 AT K X, 438 TAREK IR IX
2 K X 5 1l 38 XU
1.2 #¥EHH

AF 5 (8 FH 194 17 58 Bk A TR o 1) ) R Bk
Z G Bb 22 B s o0 (httpr//www.geodata.cn/data/) $2
BE 1960—2020 4E [ 1 km 20 PR % A Bk B8
P Az AT SR BE S, 2 B E 4 2% CRU
RATAER 0.5° M55 LL K WorldClim & A7 ) 4Bk
T 0 B R AS A R, I Delta 25 [A] [ R 5 16
ri ] DX R RO AR G, I 496 Ak 3 S I A
AR IEAT AR, BAELS R {5, BRIz M. N
OIS AGE S AR T 58 8 U A Ak, AL

SRS 7S Uk Bl A A =X e 3l (CMITPe) 11 9 A4~
A X B, 4% SSP1-2.6 (KR A 1% 5+, 2100 4F
R TSR AR EAE 2.6 W/m®) | SSP2-4.5( 25 i 30 1
i, 2100 4F 46 Bt 38 £ E 7E 4.5 W/m®) Fil SSP5-8.5
(13 5 30 1 3, 2100 4F 4% 5 5 38 FoUE 7E 8.5 W/m®)
3 ARG R, BARME B LR 1, IR A B E
X CMIP6 it 4 7w 224 1E .
Fz1 CMIP6 IRABBEARER

Tab. 1 Basic information of CMIP6 data
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Tab. 2 Drought classification according to the SPEI
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Tab. 3 The goodness-of-fit values of the SPEI probability distributions
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RMSE
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Tab.4 The AIC values of the Copula functions

Copulaf% pii:| R A B2y
Clayton ~28.63 -41.86 -36.85 -35.78
Gumbel ~25.55 —60.64 —20.84 -35.68
Frank ~22.40 —47.13 ~27.04 -32.19
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Fig. 1 The variation of SPEI in water source and destination regions from 1960 to 2020
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Fig.2 The trend of SPEI in different periods in water source and destination regions
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Fig. 3 The drought frequency in water source and destination regions in the historical period and different future scenarios
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Fig. 4 The joint probability distribution of the SPEI in the water source and destination regions from 1960 to 2020
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Tab. 5 The probability of concurrent drought in water source and destination regions %
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KR X
T5 68.83 4.98 1.21 0.20 0.03
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i 0.02 0.05 0.13 0.31 0.84
R 0 0 0 0 0.15
s 61.30 9.04 2.05 0.15 0.00
BRE 3.83 5.71 5.12 0.93 0.03
E[ kL] R 0.25 0.84 3.11 327 0.44
G 0.01 0.02 0.16 1.10 1.64
52 0 0 0 0.02 0.98
TR 68.59 6.06 1.37 0.18 0.02
RE 6.89 4.50 247 0.54 0.06
AR LR 0.95 1.49 225 1.38 0.31
mE 0.05 0.12 0.40 0.81 0.79
A 0 0 0.02 0.07 0.66
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Fig. 5 The frequency of concurrent drought in the water source and destination regions under future climate scenarios
®6 ARRKSEBERTKERFMZAXFREEENE
Tab. 6 The frequency of concurrent drought in the water source and destination regions under future climate scenarios %
R ] 5 iNg] BE A Cits TR
i 1960—20204 14.39 5.43 1.31 0.15
biie L] 33.60 19.18 8.20 2.25
SSP1-2.6 I 33.81 20.48 10.60 4.29
2025—21004F 33.71 19.86 9.46 3.32
. bl L] 38.49 22.49 11.51 4.50
piieel .
SSP2-4.5 e 50.95 37.26 23.21 10.24
2025—21004F 45.05 30.26 17.67 7.52
bliw it 38.89 23.81 12.70 5.82
SSP5-8.5 P | 70.71 60.24 47.02 33.81
2025—21004F 55.64 42.98 30.76 20.55
ikl 1960—2020 23.36 10.71 3.74 0.98
bl L] 16.53 7.54 291 0.40
SSP1-2.6 i 13.93 6.19 2.50 0.24
2025—21004F 15.16 6.83 2.69 0.31
. Sliwit| 18.52 9.92 3.04 0.66
e[| .
SSP2-4.5 i 18.45 10.60 4.17 1.43
2025—21004F 18.48 10.28 3.63 1.07
i 21.56 9.79 4.63 1.59
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The risk of concurrent drought between the water source and destination regions

of Yangtze-to-Huaihe River Water Diversion Project

SONG Zhihong', WANG Hui’, JING Huan', WEI Lingwei’,
JIANG Shengjin’, WANG Yonggiang', WANG Dong'
(1. Changjiang River Scientific Research Institute of Changjiang Water Resources Commission, Wuhan 430010, China;
2. Henan Water Diversion Engineering Co., Ltd, Zhengzhou 450003, China )

Abstract: The inter-basin water diversion projects transfer the water resources from basins with abundant water to

that with scarce water, which aims to address the problem of uneven spatial and temporal distribution of water

resources. The Yangtze-to-Huaihe River Water Diversion Project is a major strategic water resource allocation
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project across Yangtze River and Huaihe River basins. The middle and lower reaches of the Yangtze River and the
Huaihe River basin are located in the eastern monsoon region of China. The drought disasters occur frequently in
these regions with the influence of monsoon climate. Due to the temporal fluctuation and spatial variability of
regional water supply, the water source and the water destination regions of the project are prone to the risk of
concurrent droughts. The simultaneous occurrence of drought events across the water source and the water
destination regions or other conditions that are not conducive to water transfer would have a significant impact on
the normal scheduling operation and efficiency of the project. In addition, with the effects of climate change and
human activities, the global water cycle will be further intensified. Compound extreme events such as drought, high
temperature and heat waves on a global scale will be increasing, which have a serious impact on regional water
resources management, ecosystem and sustainable socio-economic development. Therefore, it is of great
significance to explore the risk of concurrent drought in the water source and the water destination regions of the
Yangtze-to-Huaihe River Water Diversion Project under climate change to provide scientific support for the
operation of project scheduling and sustainable utilization of water resources.

The risk of concurrent drought probability between the water source and destination regions of Yangtze-to-
Huaihe River Water Diversion Project was investigated. The meteorological observation and the Coupled Model
Intercomparison Project Phase 6 (CMIP6) climate model dataset of precipitation were integrated for both historical
and future assessment. Precipitation from nine CMIP6 dataset with three scenarios was first bias-corrected using a
quantile mapping approach. The Standardized Precipitation Evapotranspiration Index (SPEI) with a time scale of 6
and 12 months was calculated by monthly precipitation and temperature to describe drought condition. The
appropriate marginal distribution was selected to fit the SPEI sequence. The Copula theory was then applied to
construct the joint distribution of drought index in the water source and destination regions. The drought evolution
patterns and drought encounter risks from 1960 to 2020 were evaluated. And further analysis of the future changes
in drought encounter risks under different scenarios based on CMIP6 data was carried out.

The results showed that the frequency of drought occurrence in the water source and destination regions from
1960 to 2020 was 27.32% and 29.78% respectively. In the future scenarios, there would be a significant increase in
the frequency of drought occurrence in both regions, especially in the high emission scenario where the frequency of
severe drought occurrence increases by more than 10%. The probability of simultaneous drought occurrence in the
non-flood season of the water source and destination regions was 5.49% higher compared to the flood season. The
frequency of drought encounters during the flood season and throughout the year was expected to significantly
increase, while the frequency of non-flood season drought encounters was slightly reduced. In the medium to high
emission scenarios (SSP2-4.5 and SSP5-8.5), the frequency of long-term drought encounters was relatively higher.

The SPEI could well capture the regional drought conditions in both the water source and destination regions.
The joint distribution of SPEI by the Clayton Copula function was capable to characterize the concurrent drought
between the water source and destination regions. The probability of concurrent drought in the two regions during
the non-flood season was relatively higher than that in the flood season. In the future scenarios, there would be a
significant increase in the frequency of drought occurrence in both regions. And the frequency of drought encounters
was also projected to increase in the future. Therefore, it is urgent to formulate adaptive strategies to ensure the

normal operation management of water transfer projects and the sustainable utilization of water resources.

Key words: Yangtze-to-Huaihe River Water Diversion Project; concurrent drought; Copula theory; drought index;

climate change
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