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Fig. 1 Empirical orthogonal decomposition of SPEI from 1961 to 2019 of the whole basin
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Fig. 2 Spatial distribution of drought frequencies of different grades in water source and water-receiving areas of the middle route of South-to-North

Water Transfer Project
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Fig. 4 Meteorological drought changes under different climate scenarios
in the future of the water source area of the middle route of South-to-
North Water Transfer Project
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Fig. 5 Meteorological drought changes under different climate scenarios

in the future of the water receiving area of the middle route of South-to-

North Water Transfer Project
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Tab.2 Drought encounters in different future scenarios in water source areas and water receiving areas of the middle route of South-to-North Water

Transfer Project
SSP1-2.6 SSP2-4.5 SSP5-8.5
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R fi] Jirt/ A i 1] Jitt/H i fi] Jint/ A

20324F9 H—20334E9 H 13 203448 H—203643 H 20 20324F11H—20334E104 12

203847 H—20394F2 H 8 20444E8 H—20454E7H 12 20364FE6 H—20374F4 H 11

20574F11H—205845 1 7 20624£8 H —20634E7H 12 20424£:8 - —204346 1 11

IKIRIX 20674F-8 H—20684F-5 H 10 20724F9 H—20754-3 H 19 20684F8 H—20704F4 H 21

207849 H—207943 H 7 20774E7H—20794E4 H 22 20834F1 H—20844F3 H 15

20864£4 H—208647H 4 20834£10H—20854E1A 16 20854F1 H—208545H 5

20944F:9 H—20954-7 H 11 209149 H—20914F11H 3
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209048 H—209145 H 10 20744FE11—20754F2 1 4 20914E9 H—20914E12H 4

2085411 H—20864F6 H 8

HRBASLITRGRAELALALEARKALZ 1153



£20% %o ARG ARABHCFHEO

2022 £ 12 A

TR 7K AL H K R XN 327K XA R FFE X,
FIFH SPEI T 545 %% . EOF. PCA Al Copula bk %% 7
%, HR T 1961—2019 4 DX 1 5 i 23 e AR R
FFELT CMIP6 A B R A A AK IR XA 32 7K X
BB AAL, 258 .

TR X R A2 7K DX 7R 2 — 28 [ B AR R 4 XY
SPEI-12 & 3t 55 A A 1 43 A ka5, P fE il e
BN UL ARG I, B s RS T R B
A7 BH I 0 2 S, A [ J IX (] B A7 A S 57 58
LR B o 7K IR DR A2 K X A 5 0 1 1 A5
1965—1971 4EF1 1987—2005 4F- 147 ) B4 g ™ £
T Rl A, W AE 1970 4ECH S & 1985 4F
HJE, H BT B 2 A DX 2 S

A AL H R AR X R 32 7K X 52 52 1) e A A
S ATE 14.06% ~ 16.07% , o 5 & A 50 R K B 1E
9.94% ~ 12.73%, /KR IX & BT SR 5K %2
AKX, T A2 K D] AU AR A A v SR 0 A B ]
P A4 R A R 5 B R AR B R T KR X, KR IX
2K X SR A A S 4 A 2k 18 4R
— 18 (5.519%) F1 123 4F—5 (0.81%) , P4 Hb [F] s H3 B
Wi T B IHH 240 323 4F—i#5(0.31%) o

ARG 5 T LAAE R SPET 45 06 Fe K b
PEAR X AN 3Z 7K X AR T 5 A 2R I, SSP1-
2.6 TH 50T AR A K IR DX AZ 7K X 5218 38 U H5ORE %o
BT AE SSP2-4.5 1f5¢ FiY 2034—2036 4, 2044—
2045 4 DL S AF SSP5-8.5 1§ 5t T A9 2032—2033 4,
2068—2070 4, 7K Y5 X 157 7K X AT B & A= 5 ™ H 1Y)
TREBHN, 220G RRY], AR KL
IR DX R A2 7K DX T 50 180 38 JRURS: W] REAE 3G, PR e
LI e 7K A6 A e K R DX A AZ K X 5 3 ()
REIRIEGE, LIS B G b 4 T AR 04

% 30k ( References ) :

(1] A0, &, 20K S5 mKAbR 2K X i
SOK X FAGTEEATIE 1], ARKIT, 2019, 50(6): 82-
87. (SHI W, LEI J, LI S F, et al. Occurrence probabil-
ity of rich-scarce precipitation between water source
area and Haihe River water receiving areas in middle
route of South-to-North Water Diversion Project[J].
Yangtze River, 2019, 50(6): 82-87. (in Chinese) )
DOI: 10.16232/j.cnki.1001-4179.2019.06.016.

(2] ZeHose, SO, 20850, 55 [ S p /KL T AR

* 1154 -

(3]

(4]

(5]

(6]

[7]

(8]

KM BASLIRZAETLALSARKAAR

o ZK I BRR A AR [T]. v KR, 2021, 11: 22-
24,21. (ZUO Q T, GUO J H, LI Q W, et al. Drawing
on experience from the South-to-North Water Diver-
sion Project and establishing a theoretical system of
national network of water resources[J]. China Water
Resources, 2021, 11;: 22-24, 21. (in Chinese) )
TR, Ve, ¥ B Ik R il TR 5 E 40K
W B AT 5T (1], R K AL 5 KRR (3 30,
2022, 20(4): 757-764. (XU Z X, PANG B, LENG L
S. Research on the construction of river-lake system
connectivity and national water network [J]. South-to-
North Water Transfers and Water Science & Technol-
ogy, 2022, 20(4): 757-764. (in Chinese) ) DOI: 10.
13476/j.cnki.nsbdqk.2022.0077.

ALI A, HAMID M, MEHMET C D. A comparative
assessment of projected meteorological and hydrologi-
cal droughts: Elucidating the role of temperature[J].
Journal of Hydrology, 2017, 553: 785-797. DOI: 10.
1016/.jhydrol.2017.08.047.

ALI D M, ALI UNAL S, ERCAN K, et al. Climate
change impacts on meteorological drought using SPI
and SPEI: Case study of Ankara, Turkey[J]. Hydro-
logical sciences journal, 2020, 65(1/4): 254-268.
DOI: 10.1080/02626667.2019.1691218.

A, R, A, S R S N 2 RE TR
i KA TRt R (7). RARRA2E 1, 2020, 43(1):
225-237. (YUAN X, MA F, L1 H, et al. A review on
multi-scale drought processes and prediction under
global change[J]. Transactions of Atmospheric Sci-
ences, 2020, 43(1): 225-237. (in Chinese) ) DOI: 10.
13878/j.cnki.dgkxxb.20191105005.

AN, 2. R T PR P 1 5E B
PR ] A4, 2017, 35(5): 709-723. (LIY P,
LI Y H. Advances in adaptability of meteorological
drought indices in China[J]. Journal of Arid Meteo-
rology, 2017, 35(5): 709-723. (in Chinese) ) DOI: 10.
11755/5.issn.1006-7639(2017)-05-0709.

A1, T, DAL, S BT SPEIY M KL 4ok
RIX SRR ] NRTT, 2019, 50(7): 92-
97,103. (SHI W, LEI J, MA L Y, et al. Spatio-tempo-
ral drought characteristics in water source area of the
middle route Project of the South-North Water Diver-
sion Project based on SPEI[J]. Yangtze River, 2019,
50(7): 92-97,103. (in Chinese) ) DOI: 10.16232/j.cn-
ki.1001-4179.2019.07.015.


https://doi.org/10.16232/j.cnki.1001-4179.2019.06.016
https://doi.org/10.16232/j.cnki.1001-4179.2019.06.016
https://doi.org/10.16232/j.cnki.1001-4179.2019.06.016
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.1016/j.jhydrol.2017.08.047
https://doi.org/10.1016/j.jhydrol.2017.08.047
https://doi.org/10.1016/j.jhydrol.2017.08.047
https://doi.org/10.1080/02626667.2019.1691218
https://doi.org/10.1080/02626667.2019.1691218
https://doi.org/10.1080/02626667.2019.1691218
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.16232/j.cnki.1001-4179.2019.07.015
https://doi.org/10.16232/j.cnki.1001-4179.2019.07.015
https://doi.org/10.16232/j.cnki.1001-4179.2019.07.015
https://doi.org/10.16232/j.cnki.1001-4179.2019.07.015
https://doi.org/10.16232/j.cnki.1001-4179.2019.07.015
https://doi.org/10.16232/j.cnki.1001-4179.2019.06.016
https://doi.org/10.16232/j.cnki.1001-4179.2019.06.016
https://doi.org/10.16232/j.cnki.1001-4179.2019.06.016
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.1016/j.jhydrol.2017.08.047
https://doi.org/10.1016/j.jhydrol.2017.08.047
https://doi.org/10.1016/j.jhydrol.2017.08.047
https://doi.org/10.1080/02626667.2019.1691218
https://doi.org/10.1080/02626667.2019.1691218
https://doi.org/10.1080/02626667.2019.1691218
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.13878/j.cnki.dqkxxb.20191105005
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.11755/j.issn.1006-7639(2017)-05-0709
https://doi.org/10.16232/j.cnki.1001-4179.2019.07.015
https://doi.org/10.16232/j.cnki.1001-4179.2019.07.015
https://doi.org/10.16232/j.cnki.1001-4179.2019.07.015
https://doi.org/10.16232/j.cnki.1001-4179.2019.07.015
https://doi.org/10.16232/j.cnki.1001-4179.2019.07.015

K, BALEFEARERX 2 KK T 28 &R SIF

(9]

[10]

[11]

[12]

[13]

[14]

AW, Ty, R, 45 T LA T R AE R H
B T8 37 4 R R 23 0 S AR AT 5 (00 KK L4
A (P 3530, 2021, 52(8): 91-100. (ZHENG J L,
YAN Z Q, ZHOU Z H, et al. Spatio-temporal differ-
entiation characteristics of drought in Poyang Lake
basin based on comprehensive drought index [J]. Wa-
ter Resources and Hydropower Engineering, 2021, 52
(8): 91-100. (in Chinese) ) DOI: 10.13928/j.cnki.
wrahe.2021.08.009.
XIEHL, ik, BT, F KA 2 BT R 2
X A& FARAFIE BT 1] NIRRT, 2020, 51(7):
93-99. (LIU M K, YANG J, HUANG M H. Analy-
sis on winter temperature characteristics along main
channel of middle route of South-to-North Water Di-
version Project[J]. Yangtze River, 2020, 51(7): 93-
99. (in Chinese) ) DOI: 10.16232/j.cnki.1001-4179.
2020.07.016.
ARULIE, B4, 43380, 4. m/KAL A b 2 TR KR
XA 2K X B ST (1], F /K AL I 5K
FIFHE, 2018, 16(1): 63-68, 194. (YUY, XIA J,
SHE D X, et al. The analysis of encounter probabili-
ty of drought between the water source area and the
Haihe River water receiving area in the middle route
of the South-to-North Water Transfer Project in Chi-
na[J]. South-to-North Water Transfers and Water
Science & Technology, 2018, 16(1): 63-68, 194. (in
Chinese) ) DOIL: 10.13476/j.cnki.nsbdgk.20180010.
A, AR, Al 4. CMIP6H; 43 #F 3258 2 He il
(HighResMIPYREAL 5 PFik [J]. S A2 (bl o2 i g,
2019, 15(5): 498-502. (WANG L, BAO Q, HE B.
Short commentary on CMIP6 high resolution model
(HighResMIP)[J]. Ad-
vances in Climate Change Research, 2019, 15(5):
498-502. (in Chinese) ) DOI: 10.12006/j.issn.1673-
1719.2019.077.
SRR, BRIk, SF K. CMIP6TE 5= i1l
(ScenarioMIPYREAL 5 PFiAk [J]. S48 fbiF 52 i g,
2019, 15(5): 519-525. (ZHANG L X, CHEN X L,
XIN X G. Short commentary on CMIP6 scenario mo-

intercomparison  project

del intercomparison project (ScenarioMIP)[J]. Ad-
vances in Climate Change Research, 2019, 15(5):
519-525. (in Chinese) ) DOI: 10.12006/.issn.1673-
1719.2019.082.

AR, ARV K, TRIEAS. ZE T EOF 40 Hr Jr ik i [ VT
T R L I S A AR R AR S AT 0] KRR,

HKMASLIRZAELALSARKAALR

[15]

[16]

[17]

(18]

[19]

[20]

2021(3):20-24. (YU Z M, ZOU Q S, ZHANG X J.
Analysis of temporal and spatial variation character-
istics of high tide level in the lower reaches of the
Min River based on EOF analysis method[J]. Hy-
draulic Science and Technology, 2021(3): 20-24. (in
Chinese) )

AR, XY, EHEA, 4. 1961—20174F 5 K
A AR AL [T]. K - ORFFIFSE, 2019, 26(6): 145-
150. (LI'Y, LIU X M, WANG S J, et al. Temporal
and spatial distribution of precipitation in Guizhou
Province from 1961 to 2017[J]. Research of Soil and
Water Conservation, 2019, 26(6): 145-150. (in Chi-
nese) ) DOI: 10.13869/j.cnki.rswc.2019.06.022.
FEHEE T, B, A5 KGR T KR IX K S
REAE 34T K A B 3 P A A S8 (). ik
LI 5k R R, 2018, 16(4): 42-49. (ZUO Q T,
WANG Y, TAO J, et al. Hydrological characteristics
and adaptive utilization of water resources in water
source area of the middle route of South-to-North
Water Diversion Project[J]. South-to-North Water
Transfers and Water Science & Technology, 2018, 16
(4):42-49. (in Chinese) ) DOI: 10.13476/j.cnki.nsb-
dgk.2018.0095.

B —BH, T3, ZE 44, 45, CMIPOANIR] 4y HER 23k
SRS O r [ AR RE I 9FAG [I/OL] . s
AbFFE gk, 2021: 1-19. (HUY Y, XU Y, L1J J, et al.
Evaluation on the performance of CMIP6 global cli-
mate models with different horizontal resolution in
simulating the precipitation over China[J/OL]. Ad-
vances in Climate Change Research, 2021: 1-19. (in
Chinese) )

XUEHT, ki3S, S, BT SSPsv 5 14 Hh [ i i e
K S PE AR L. BREE AR 7, 2021, 49(8): 29-34.
(LIU C X, ZHANG H L, WU J. Impact assessment
of extreme precipitation in China under SSPs sce-
nario [J]. Environmental Protection, 2021, 49(8): 29-
34. (in Chinese) ) DOIL: 10.14026/j.cnki.0253-9705.
2021.08.006.

WANG T, TU X, SINGH V P, et al. Global data as-
sessment and analysis of drought characteristics
based on CMIP6[J]. Journal of Hydrology, 2021,
596: 126091. DOI: 10.1016/j.jhydrol.2021.126091.
/N, W4 EE, ki, A LT 2 RUE SPEHE 4L
BIAE T T SR SRR A [T KRR AR (h
), 2021, 52(11): 50-63. (LI X H, PAN X Y,

* 1155 -


https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.16232/j.cnki.1001-4179.2020.07.016
https://doi.org/10.16232/j.cnki.1001-4179.2020.07.016
https://doi.org/10.16232/j.cnki.1001-4179.2020.07.016
https://doi.org/10.16232/j.cnki.1001-4179.2020.07.016
https://doi.org/10.13476/j.cnki.nsbdqk.20180010
https://doi.org/10.13476/j.cnki.nsbdqk.20180010
https://doi.org/10.13476/j.cnki.nsbdqk.20180010
https://doi.org/10.13476/j.cnki.nsbdqk.20180010
https://doi.org/10.13476/j.cnki.nsbdqk.20180010
https://doi.org/10.12006/j.issn.1673-1719.2019.077
https://doi.org/10.12006/j.issn.1673-1719.2019.077
https://doi.org/10.12006/j.issn.1673-1719.2019.077
https://doi.org/10.12006/j.issn.1673-1719.2019.077
https://doi.org/10.12006/j.issn.1673-1719.2019.077
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.13869/j.cnki.rswc.2019.06.022
https://doi.org/10.13869/j.cnki.rswc.2019.06.022
https://doi.org/10.13869/j.cnki.rswc.2019.06.022
https://doi.org/10.13869/j.cnki.rswc.2019.06.022
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.14026/j.cnki.0253-9705.2021.08.006
https://doi.org/10.14026/j.cnki.0253-9705.2021.08.006
https://doi.org/10.14026/j.cnki.0253-9705.2021.08.006
https://doi.org/10.14026/j.cnki.0253-9705.2021.08.006
https://doi.org/10.1016/j.jhydrol.2021.126091
https://doi.org/10.1016/j.jhydrol.2021.126091
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.13928/j.cnki.wrahe.2021.08.009
https://doi.org/10.16232/j.cnki.1001-4179.2020.07.016
https://doi.org/10.16232/j.cnki.1001-4179.2020.07.016
https://doi.org/10.16232/j.cnki.1001-4179.2020.07.016
https://doi.org/10.16232/j.cnki.1001-4179.2020.07.016
https://doi.org/10.13476/j.cnki.nsbdqk.20180010
https://doi.org/10.13476/j.cnki.nsbdqk.20180010
https://doi.org/10.13476/j.cnki.nsbdqk.20180010
https://doi.org/10.13476/j.cnki.nsbdqk.20180010
https://doi.org/10.13476/j.cnki.nsbdqk.20180010
https://doi.org/10.12006/j.issn.1673-1719.2019.077
https://doi.org/10.12006/j.issn.1673-1719.2019.077
https://doi.org/10.12006/j.issn.1673-1719.2019.077
https://doi.org/10.12006/j.issn.1673-1719.2019.077
https://doi.org/10.12006/j.issn.1673-1719.2019.077
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.12006/j.issn.1673-1719.2019.082
https://doi.org/10.13869/j.cnki.rswc.2019.06.022
https://doi.org/10.13869/j.cnki.rswc.2019.06.022
https://doi.org/10.13869/j.cnki.rswc.2019.06.022
https://doi.org/10.13869/j.cnki.rswc.2019.06.022
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0095
https://doi.org/10.14026/j.cnki.0253-9705.2021.08.006
https://doi.org/10.14026/j.cnki.0253-9705.2021.08.006
https://doi.org/10.14026/j.cnki.0253-9705.2021.08.006
https://doi.org/10.14026/j.cnki.0253-9705.2021.08.006
https://doi.org/10.1016/j.jhydrol.2021.126091
https://doi.org/10.1016/j.jhydrol.2021.126091
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006
https://doi.org/10.13928/j.cnki.wrahe.2021.11.006

#20% # 6 WALAGAKABKCEE) 2022 4 12 A

YANG M Y, et al. Spatial and temporal characteris- 1061/(ASCE)HE.1943-5584.0001661.
tics of drought in Beijing based on multiple scale [26] BAIE, FRiE, KA, 55, FETSWAPHISRIFIL VTR
SPEI index[J]. Water Resources and Hydropower WY 2 a s B R A (0], NIRRT, 2020,
Engineering, 2021, 52(11): 50-63. (in Chinese) ) 51(4):94-99. (ZHAO Y, CHEN H, YANG ] W, et al.
DOI: 10.13928/j.cnki.wrahe.2021.11.006. Spatio-temporal variations of drought-flood abrupt
[21] FE, F, TRk, 5. 3T SPEIRY I i+ alternation events in Hanjiang River basin based on
S 2 VAR R S BRI PR A A LD K B TR AR, SWAP and SRI[J]. Yangtze River, 2020, 51(4); 94-
2020, 36(3): 8-13. ( WANG W G, HUANG Y, 99. (in Chinese) ) DOI: 10.16232/j.cnki.1001-4179.
XING W Q, et al. Analysis of spatial and temporal 2020.04.015.
evolution characteristics and circulation causes of [(27] VEHE, &FERE, EEK, 5. UL 1961—20184F
drought in Haihe River basin based on SPEI[J]. Wa- Z RIES G T 202 AR [T]. KI5 IR
ter Resources Protection, 2020, 36(3): 8-13. (in Chi- ¥R 2021, 30(7): 1649-1658. (WANG L, SHU
nese) ) DOIL: 10.3880/j.issn.1004-6933.2020.03.002. Z K, WANG G Q, et al. Spatial and temporal varia-
[22] WANG F, WANG Z, YANG H, et al. A new copula- tion of multi-scale meteorological drought in the
based standardized precipitation evapotranspiration Hanjiang River basin from 1961 to 2018[J]. Re-
streamflowindex for drought monitoring[J]. Journal sources and Environment in the Yangtze Basin, 2021,
of Hydrology, 2020, 585: 124793. DOI: 10.1016/j. 30(7): 1649-1658. (in Chinese))
jhydrol.2020.124793. (28]  Faydtfdt, BEN4E, FASE. AR B 1960—20094F 5 4
[23] ZHAO Z Y, H W. Changes in spatiotemporal drought T 5 s AR AR AR [J]. B AR E A2 4, 2012,
characteristics over northeast China from 1960 to 21(6): 72-82. (LU H J, MO X G, HU S. Spatio-tem-
2018 based on the modified nested Copula model [J]. poral variation characteristics of meteorological
Science of the Total Environment, 2020, 739: 140328. droughts in north China plain during 1960-2009[J].
DOI: 10.1016/j.scitotenv.2020.140328. Journal of Natural Disasters, 2012, 21(6): 72-82. (in
[24] YU, LI L, JIN Q W, et al. Coupling the two-level Chinese) ) DOI: 10.13577/j.jnd.2012.0611.
programming and Copula for optimizing energy-wa- [29] KA, BRI, BRAAE, 55, ARIRCPIEF ASKIUL
ter nexus system management: A case study of MR T RS AT (], KL
Henan Province [J]. Journal of Hydrology, 2020, 586: TR 53 E%, 2019, 28(6): 1470-1480. (ZHANG Q M,
124832. DOI: 10.1016/j.jhydrol.2020.124832. CHEN S, CHEN S S, et al. Research on projection of
[25] HAN C, LIU S G, GUO Y P, et al. Copula-based meteorological droughts in the Hanjiang River basin
analysis of flood peak level and duration: Two case under different RCPs scenarios[J]. Resources and
studies in Taihu basin, China[J]. Journal of Hydro- Environment of Yangtze Basin, 2019, 28(6): 1470-
logic Engineering, 2018, 23(6): 05018009. DOI: 10. 1480. (in Chinese) )

Risk assessment of drought in the source and receiving areas of the middle route
of South-to-North Water Transfer Project

ZHANG Lu"*’, LU Yijie', ZHANG Zengxin', HU Xin'
(1. College of Hydrology and Water Sources, Hohai University, Nanjing 210098, China; 2. Guangdong Provincial Engineering and Technology
Research Center for Water Affairs Big Data and Water Ecology, Shenzhen 518001, China; 3. Shenzhen Water Planning & Design Institute Co., Ltd.,
Shenzhen 518001, China )

Abstract: The South-to-North Water Transfer Project is of great strategic significance for improving the national
water network and optimizing the overall pattern of water resource allocation. The drought situation and water
quantity changes in the source area of the South-to-North Water Transfer Project affect the stability of the water
transfer project and are of great significance to the industrial, agricultural, and residential water use and other

aspects of the cities along the route. In recent years, there has been more research on extreme drought monitoring,
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and a variety of meteorological hydrological drought index models have been widely used, such as the standardized
precipitation evapotranspiration index, palmer drought index, standardized precipitation index, and so on. The
standardized precipitation evapotranspiration index model is superior to the other two drought index models because
it takes into account the evapotranspiration factor. Although some research has been conducted in recent years on
climate change in the water source or water-receiving areas of the South-to-North Water Transfer Project, few
studies have explored the drought encounters in water source and water-receiving areas in the context of future
climate change.

By integrating a large number of meteorological observation data and the latest Coupled model Intercomparison
Project Phase 6 (CMIP6) climate model data, using standardized precipitation evapotranspiration index, empirical
orthogonal function analysis, Copula function, and other methods, the spatial and temporal distribution of drought in
the water source area and the water receiving area of the South-to-North Water Transfer Project in the historical
period was calculated. The drought encounter problem in the water source area under different climate scenarios in
the future was estimated using the CMIP6 meteorological dataset as the driving data and then provided a theoretical
basis for water resources planning and management. The empirical orthogonal function was performed using the
calculation results of the SPEI and the copula function for the joint probability distribution of drought between the
water source and the water receiving area. The mean CMIP6 multi-mode data is used as the input data for future
SPEI calculations, and the drought comprehensive evaluation is carried out on the water source area of the South-to-
North Water Transfer Project.

Results showed that drought events in water-source areas and water-receiving areas were frequent, with more
serious drought encounters in 1965-1971 and 1987-2005, and long-term obvious regional differences from the mid-
to-late 1970s to around 1985. The combined recurrence periods of drought and severe drought in water-source areas
and water-receiving areas were about once in 18 years (5.51%) and once in 123 years (0.81%), respectively, and the
recurrence period of extreme drought in both places was about once in 323 years (0.31%).

The annual SPEI estimates of future drought events in different climatic scenarios indicate that the number of
future drought occurrences under the SSP1-2.6 scenario is relatively small, while the more severe drought
encounters in the water source and water-receiving areas may occur in 2034-2036 and 2044-2045 under the SSP2-
4.5 scenario and in 2032-2033 and 2068-2070 under the SSP5-8.5 scenario. Multi-modality and multi-scenarios
indicate that the risk of drought in the water source area and the water-receiving area of the South-to-North Water
Transfer Project may increase in the future. To better play the benefits of the project, it is necessary to strengthen the
research on the drought encounter problem in the water source area and the water-receiving area of the middle line
of the South-to-North Water Transfer Project.

Key words: middle route of South-to-North Water Transfer Project; water source area; water-receiving; climate

change; drought; drought encounter; SPEI
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