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Prediction of drought dynamic evolution in the Yellow River Basin based on CMIP6 climate model from a three-

dimensional perspective//Wang Yingying', Xu Guiping®, Yuan Haobo', Li Yanbin',
Xiaoling®, Wang Fei', Wu Haijiang’ ( 1. School of Water Conservancy, North China University of Water Resources and

Feng Kai', Huang Shengzhi' , Su

Electric Power; 2. Yellow River Hydrographic Bureauw of Surveying and Mapping; 3. College of Water Resources and
Architectural Engineering, Northwest A & F University)

Abstract; This study utilizes CMIP6 meteorological data under the SSP585 scenario to drive the VIC hydrological model in
the Yellow River Basin. Based on simulated hydrological elements, the monthly comprehensive drought index is calculated,
and the evolution law of future drought events in the Yellow River Basin is analyzed from a three-dimensional perspective.
The results show that under the SSP585 scenario, the severity of drought events in the Yellow River Basin shows a
progressively intensifying trend, with future severe droughts mostly concentrated in eastern Gansu, southern Ningxia, and
western Shaanxi. Based on drought event three-dimensional identification, a total of 172 spatiotemporally continuous
drought events were identified in the Yellow River Basin from 2021 to 2070. A detailed analysis of one of the typical
complex drought events that lasted for 16 months (the 138th event) shows that its evolution process includes seven stages :
occurrence, strengthening, attenuation, re strengthening, peak, re-attenuation, and extinction. The migration path of the
drought center is roughly in the northeast direction. Under the SSP585 scenario, future seasonal droughts in the Yellow
River Basin are projected to migrate predominantly eastward ( southeastward and northeastward ), with spring droughts
having the shortest average migration distance and summer droughts the longest.
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Table 2 Basic information of GCMs
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Fig.2 Schematic diagram of drought patch identification
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and characteristic variables of drought events
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Fig.5 Schematic diagram of drought migration orientation
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Table 3 Top 10 drought events of severity identified in the Yellow River Basin under SSP585 scenario
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171 2069-06 2070-12 19 106. 72 36.09 75.5 1114 1737.10 N
138 2054-07 2055-10 16 106. 31 36.48 74.3 1105 2103. 57 NE
168 2067-05 2068-08 16 107.23 37.09 74.8 1030 1804. 66 SE
122 2047-08 2048-11 16 106. 92 37.26 75. 4 1009 1959.91 SE

19 2026-01 2026-11 11 106. 84 36. 85 75.5 864 1540. 18 N

TR R 94, 5%, MR T B HE Bl
2690. 14 km , LA 134. 51 km/ H )2 38 R 6] 45
HEBRWTFREFEHEIREER (CFH KT
11 A7), 5052 e BB AR, ™ o 7 B Ay, R W]
BT A R o P Ak T — i R IR

7 4 Sk SSP585 st T B A [F AR T 5
HUEGe 45 5 (e 2020 s ~2060 s 43 532 R 20
28 20 ~ 60 FAR), M 4 0] UL, SSP585 1E & T,
2060 s TR (0 2 ARRE AR & AR
SEEHES R, TR 2 A AR
M 50% AT 220 0 EL A B 62. 5% F 37. 5%,
FEASAEAR 43 HESR — A — Ui 2060 s Sk 50
AR TR e EAER, HRFERTRER
FEHIR M 2050 s 2040520305 .2020s, 45E5# 3, K
S HE ] Y e B P E AR 10 35T R 3R, 2020 s A
137, 2040s f3 2 3%,2050s 3 3 3%,2060s £ 4 35, I
Hi™ #5156 T 55 KA 1F 20605, ik
KF,SSP585 fF 5t T A K E I Il T 2 S F )™ &
T B S I M e R ) S

&l 6 S SSP585 1 &t T B ] it 3 T 2 35 A R AiE
AL (A SRR R AE TR0 ) . F Bl 6 AT
L, SSP585 1 &t T A KA (2021—2040 4F ) FIAK Sk
H1(2041—2070 4% ) & A T R MR 500 4.7,
2.63 W/a, FHZUESHI 92 223 1« 7 km? , T 5
WAL Z> 5 A 19,3 J7.28. 2 J1 km?, k4 K J it
(>10 H) T RFE0 5000 2 11 R, RV &

SR T 5 i T AR AR, BT R D B R B
ZNE N e D I TR S s AN O S N |
SSP585 i 5t | AR WA B A &5 B AR B T
AT FEFAE, iRk o T 2 Dy ZRE A AR
PR, 5 E T R R R T RS
B E LRSS,

3.2 BEAREBTREEUHNEHTEET

&l 7 2 SSP585 1 5t T B i A [F] AR AR 15
FEPPRFIEAS 19 25 ] 43 A1 (1 o B R /N SR AE T 5
wA), BB 7 AW, TR EE R 3~
1855 71 - J3 km, 2020 s /NREET R AHAF T E A
ER I MNS HIX, @ LR KA T 51
AEHN S T E W 28 FEAE | H R Bk 4 P b X
2030s TRHAERIp kR, SFUE R K
P T F A m R R A T #8%, F2 50 M AEBEvE AR
T X DA K i T S PP =48 58 Ak 52040 s Al
2050 s TR R bR, R R m AR T
S A A b A A AR T 5 R R B VY P AR M X
2060 s T FF LD LSRR B /N RLUR)
NIRRT S o s R R R AR T R A
&) 43 A B 5 2050 s 248,

8 A% 138 751 S F AR 1 Bl A5 T A8 2ok 72
hTRRE AT RIS S T2e T 5
). MK 8 L. QAL T R F/FF 2054 42 7 H
AT 71, 155 o0 7 96 19 5 % F IR N
JEH, TR AL N 5.2 7 km® A 5 0] 58

x4 SSP585 BFETHMAEBARERTEZHAITER

Table 4 Statistics results of droughts for different decades in the Yellow River Basin under SSP585 scenario

Eft 5 T2 pint/ A FREH/TT km® TREUE/(H - J7 km?) IR/ km

‘ FOEC wl RORME FRMEZE M SRORME FoME bRMEZE  B9ME RORME S/ME RRMEZE M KM bR
2020 42 2.57 11 275 183 755 2.4 233 102 864 3 209 202.02 1856.42  425.96
2030 51 2.71 12 255 20.1 72.0 25 21.7 84 438 4 124 216.88 1320.41 339.95
2040 s 35 4.34 20 4.83 251 75.54 2.6 241 171 1304 3 297  397.58 2690.14 637.78
2050 s 28 4.54 19  6.02 29.0 75.5 2.5 29.7 261 1855 4 478  451.03 2566.20  753.56
2060 s 16 5.31 19 6.63 334 755 2.9 3.1 299 1126 4 437 535.15 2589.36  832.69
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Fig. 6 Changes in characteristic variables of drought events in the Yellow River Basin under SSP585 scenario
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Fig.7 Spatial distribution of characteristic variables of drought events in the Yellow River Basin under SSP585 scenario
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Fig. 8 Dynamic evolution process of No. 138 drought event
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