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Prediction and uncertainty analysis of water conservation capacity in the Yellow River water conservation area
under climate change scenarios //Ju Qin', Xu Yidan', Zhou Minpei®, Lin Hui', Wu Jinyu®*, Jin Junliang' , Ma Jing',
Wang Yining’( 1. State Key Laboratory of Water Disaster Prevention, Hohai University; 2. China Yajiang Group Co. , Ltd. ;
3. Nanjing Research Institute of Hydrology and Water Conservation Automation, Ministry of Water Resources; 4. Jiangsu
NIHWA Technology Co. , Lid. ; 5. State Key Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research Institute)
Abstract: This study analyzed the spatiotemporal characteristics of water conservation capacity of the Yellow River water
conservation area from 1980 to 2023 using the InVEST model. Six optimally selected CMIP6 Global Climate Models
(GCMs) under three Shared Socioeconomic Pathways ( SSP1-2. 6, SSP2-4. 5, and SSP5-8.5) were integrated to project
water conservation capacity for the near future (2026-2035) and the distant future (2036-2050). The uncertainty of
projections was quantified through a triple-source “internal variability-model-scenario” decomposition approach. The results
indicate that the multi-year average water conservation of the study area during 1980 to 2023 was 25. 11 mm, exhibiting an
overall increasing trend with an abrupt change in 2002 ( post-change increase rate is 8. 75%) . Spatially, water conservation
was characterized by higher values in the southwest and lower values in the northeast. Baseline precipitation averaged
557.4 mm with an increasing trend. Future precipitation under SSP1-2. 6 and SSP5-8. 5 scenarios slightly exceeded
baseline levels, while SSP2-4. 5 was slightly lower than the baseline. Projections from the six CMIP6 GCMs diverged
significantly. All GCMs indicated increasing water conservation under SSP1-2. 6, while SSP5-8. 5 exhibited the largest
fluctuations. The projected increase under SSP2-4. 5 was slightly lower than under other scenarios. The areas with the
highest values are located in the Yellow River source area, followed by the Tangnaihai-Lanzhou area, while the Wei River-
Yiluo River basin has the lowest values. GCMs uncertainty constituted the primary source of projection uncertainty,
followed by scenario uncertainty, with internal variability having minimal impact. Total fractional uncertainty was greater in

the long term than in the near term of future.

BE&WA . EEZESH AT H (2022YFC3202401) 5 5K A 28 BF 2= 5 4 00 H (52525902, 52279018 ) 5 V1738 44 K2 A= A1 Al 3 H
(8202510294004 )

PEE BT 25 (1980—) , 2o, 782 , 1+, BN F AL TR SR FSY . E-mail: juqin@ hhu. edu. cn

BIS1EE ARZESF(2002—) , Zo, WL AR5 AE B BN AE L R K SCIA R AF5Y . E-mail: 241301010091@ hhu. edu. cn

- 164 -



Key words: CMIP6 global climate model; water conservation capacity; InVEST model; uncertainty; the Yellow River

water conservation area

IKVEIRFEAE I A= 25 2R G0 IR 55 1 B 4 A 4,
SRR DX IBK SCAEIA AR BRE 7K B8 5 AL 25 Fn 4 5 28 25
AR I AR T B S R B AR 2 T i
TG AL W wh T N O N 2 B (2 ) O S W& R
PHEE Y FEERR AT ST, omkg K
FO K RIRTEE SR L B B e
P 5Kk S NI B T30, B R G450 5 0 7
BRI K R S A B s A R A R
SO, RO AR G AN A A 5 AR R R
g PO B AN f P e SR R AR A S R
IK SCIR S T e 8 5 1) R S 1 X 3K BE e A O e
A AR G SR 2 SR

Xof 7K U5 A 5 T g Y AL TEAL 2 T LR S AN
{8 R S JHL RN B 1 E ) B AT, AR GEK
VR FE BE VA 5 vk B S R HEE KRR vk M
TR AR AR LA B KEE 2 oK A7k K
A 2T REE D G5 Ik Re e —
SERREE L ITAS XK R SR 68 ), (B AF7E S HORE |
25 6] 3 B R A L %o A A A8 A i o AN A 45 SR BR
BEE T EALE AR R B RGN R kR, 5T
T FRAE TN Y 7K YR A SR BB VTS T v i R A AR g A
AU BN AN 5 AR R R AR AL B SCS AR
RIS SWAT #4348 9 T 52 48 50 (TVDI) 4%
0T MK R 1850 WaSSI) 2E 25K SCRE R AR S AR
Bi R 55 SR 4 B VA (InVEST ) AR 45 L 25010
S SWAT FERIBFST K BH, S5 A0 BE 1 1h 5 30—
VTR XK U TR 7 e B A 2 498 o 3, G Hp K 38
JEFREIRSN HFE, MRAS AN 3 T i R A
TVDI AR BT bR S AS [ 4 Fofr ) 7K U5 300 55
DO K SCRE R R B A, B HOR L I InVEST
B PR A T B i 2R 0 TS0 s SRS
YL 92 B T K R 3R e I EAE R L L
ST InVEST #ERLS0HTF T 2000—2019 4F FHT.
TSR K VR I e A B 25 S AR DA B K TR o 5 e Xt
S R A AR R R ek AR 3
T InVEST B0 T 2000—2023 45 8] i 3K J5
AR I 23 AR RRAE B i PR R, & BAR B /K 2 2K
VSR AE PR E S W7, BEESE D KT
InVEST ARG T 2] ik bl A6 285 3 4 Mk 55 9K 20 K]
R RRoK R BRI SR IR S e =
IRENH K, B ILE%E" HT CA-Markov Al InVEST
FEHRL S3HT T 2000—2020 A7 B TA] 7K P50 77 XK 5
I 5 LR RE 23 AR R R S g B R & BLRE

AR BRI R 2 T A R SRR AR A,
FI AT K P65 1) TTRRFRAH 0. 13% ~0. 85%, LA
AT S B K S K R IR AR A R G R S5
e A SRR o1 IR, D] I o A R 7K 5 0 5% 2 ) 01
DT 5 e 25 R AR AN [l HE R I 5 T A e AR A ) 3R
SIVER . AR M A T AN 1 ) R VR A 4
SRR HERU 5 R RUBE ik MK SORERLAE 24
Jrie T s A K SRR DL T 45 SR B R R
— EREIKIE I FE B e

BT K U5 A 55 DX A BT 3 2 B K X,
ARYIReRE R R IR RSB E
TR e SR AR DG 0 iR T4 R LA R SR A AR A1
s R KRR I L Y B 28 S AR R, Aok SR EEat
S VEIAR (SSP) H 2R Z SR (GCMs) 254
ARG S AT O IR IS, T I, AR SCRI
InVEST £ %1 & 4t 43 A1 ¥ ] 7K 5 0 5% X 1980—
2023 /KRR TR EL T2 AR RUEE, 25 5 [ PR R A
B BRI CMIP6 Hh ik Y 6 F GCMs, 7E 43 Bt
3 PR SSP HEBUE 5T AR BE K AR L RRAIE () S il
BN 2026—2050 AF /KSR 5 AR L I E
SV TN 45 SR AR AN 1 e 48 s TR 45 SR A A
FEPEE SRR HERO S P ERAR R 3 FpoRIE 2
() P 22 5, R BETAT 7K R TR R DX 1) AR AR 5K 3R
IR AR S

1 WRXESRSHERIE

1.1 #HEREXBER

O] K PRI 55 X (32°N ~39°N,96°F ~ 114°E)
AT BT i, B U O I TR B
PG XLV, B VG 1) AR A 45 TR X R Y 224 Hh
DXRRYE T -G Y T i k1 Ak 30. 44 T3 km®, (5 B
TSl T R 38. 3%, 1% X R VR U B i
FK B OR R XY, K AR AR T B I R
84. 1% , 5% T Jl ey Ji. | B 4 1 Ji A b SR AR 52 ey IXC
AR 2 S v B, SR SR I 5, F 5 X
BESLUNIEL 1 i
1.2 #HEKRIRE

L0 €1 e R wh i LY LIDAER € TN ) € € e e
BCR B B AR AR R IR G, ReW
ZRUPERE T CMIP6 20 4~ GCMs Xif 3 1] 7K I 77 [X.
KK BORSARLRE T, ke 6 AR AU 25 6 BE 1 Bt Y
B, AN B IR 1, X 6 Fl GCMs AR SCHAE T
2026—2050 4F SSP1-2. 6 ,SSP2-4. 5 SSP5-8. 5 HEjik

- 165 -



&l ]

@ K3
R km

e 6 254

B1 SRR

Fig.1 Overview of study area

T T AIREAEME . T B K R TR XA B AKX
TR IR R ) BTk R e 80% , i A FH Y TR RAY
4 0. 13% ~0. 85% , It LA A K + #u A FH#5 L) 2020 4
s il BEEAE ELER 2, BT A B
WARBR RS — K WGS_1984_UTM_Zone_48N, 3%
FHXUNEAR B AR E A 1 kmx 1 km 50500 ]IHE
£1 GCMs WERER
Table 1 Basic information of GCMs
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Table 2 Basic information of data
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Fig.3 Spatial distribution of water conservation capacity of study area in different years
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Table 3 Mean precipitation of six GCMs under different scenarios from 2026 to 2050 and their increase magnitude

compared to baseline period

e CanESM5 EC-Earth3 EC-Earth3-Veg MIROC6 MRI-ESM2-0 TaiESM1

fir st P/ mm  B0E/% PHME/mm HE0E/% YWE/mm BEIE/% HE/mm 0E/% PME/mm BIE/% YWE/mm BEIE/%
SSP1-2.6 576.7 3.46 552.1 -0.95 573.7 2.93 557.7 0. 06 539.0 -3.31 569. 1 2.10
SSP2-4.5 579.4 3.95 546. 8 -1.89 528.9 -5.12 536.7 -3.72 539.0 -3.30 545.3 -2.18
SSP5-8.5 598.9 7.44 562.9 0.99 547.3 -1.80 539.5  -3.20 568. 4 1.97 563.5 1.09
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Table 4 Mean water conservation capacity of six GCMs under different scenarios from 2026 to 2050 and their

increase magnitude compared to baseline period

e CanESM5 EC-Earth3 EC-Earth3-Veg MIROC6 MRI-ESM2-0 TaiESM1

fikt HEH/mm B/ % HE/mm BE0E/% F{E/mm HEE/% YE/mm BEE/% HE/mm BEIE/%  HE/mm BEIE/ %
SSP1-2.6 27. 66 10. 18 25.24 0.52 26.30 4.76 25.52 1. 65 27.38 9.07 26.28 4. 66
SSP2-4.5 27.42 9.21 24.94  -0.65 24.15  -3.80 24.27  -3.36 25.83 2.87 25.08 -0.12
SSP5-8. 5 28.94 15.28 25.40 1.16 24.93 -0.71 24.17  -3.73 27.56 9.76 25.94 3.33
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Table S Multi-model ensemble averages of water conservation capacity and increase magnitude relative to baseline

period under different future scenarios for various sub-regions

e P SSP1-2.6 - SSP2-4.5 - _ SSP5-8.5 _
I/ mm IR/ % PIE/ mm MR/ % {8/ mm K/ %

2030 37.61 2.14 37.10 0.76 37.90 2.93
B[R X 2040 41.45 12.58 39.12 6.26 38.35 4.16
2050 42.39 15. 14 35.54 -3.47 41.84 13.63
2030 17.72 -13.75 17.80 -13.35 19.29 -6.09
FE T 224 M H X 2040 20. 55 0.02 17.98 -12.49 19.15 -6.75
2050 21.78 6.05 16.71 -18.65 22.16 7.88
2030 13.92 -22.56 16. 07 -10.57 15.51 -13.71
VB - AT I A 2040 14. 60 -18.78 13.17 -26.70 16. 84 -6.32
2050 21.27 18.37 15.76 -12.29 17.82 -0.83
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