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Abstract: Climate change has led to an increased frequency of extreme hydrological events at the watershed scale. Evaluating the
capability of CMIP6 global climate models (GCMs) to simulate precipitation and projecting future precipitation trends are essential
for understanding future hydrological characteristics. Based on daily precipitation from 18 GCMs and 9 meteorological stations in
the Lushi Basin during 1976—2000, an improved Hashing algorithm (ISHA) incorporating a spatiotemporal correlation mechanism
was developed to select optimal GCMs, overcoming the limitation of fixed-grid partitioning in the traditional SHA. Non-
parametric quantile mapping (QM) was then applied for bias correction. Based on the selected models, precipitation changes during
2025—2100 were projected under four SSP scenarios. The CNRM-CM6-1-HR, FIO-ESM-2-0, INM-CM5-0, and NorESM2-

MM showed the best overall performance. The maximum monthly and long-term mean precipitation bias decreasing from 9.09 %
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—16.04% and 10.41% —23.12% to 0.27% —2.34% and 0.48% —1.89% , respectively. The relative change in future annual

precipitation increases with emission scenarios, ranging from —7.71% to 10.50% under low-emission conditions and expanding to

—1.89% to 18.02% under high-emission scenarios. The basin may face an increasing risk of enhanced precipitation during the mid-

to-late 21st century, thereby intensifying challenges in water resources management and flood control.
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Fig.1 Location of the Yellow River Basin in China (a), location of the Sanhuajian in the Yellow River Basin (b), three-dimension-

al geomorphic types, distribution of river systems, as well locations of hydrological and meteorological stations in the

Lushi Basin (c)
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Table 1 Description of eighteen CMIP6 GCMs in this study
o o . R 25 ) 4 HE R
e A PR = (%% 151 K B < 2 1 R 00
No.1 BCC-CSM2-MR BRSNS (7 L [ 320X 160
No.2 CAMS-CSM1-0 T R R BT B ] 320X 160
No.3 CAS-ESM2-0 o Bk 2 g R BRI 5 T o 256128
No.4 CESM2-WACCM B F S NG FAG NN *H 288192
No.5 CIESM HHER U 288X 192
No.6 CMCC-CM2-SR5 WU — b e it A AL A b =W 288192
No.7 CMCC-ESM2 BRF AT FE L =W 288192
No.8 CNRM-CM6-1-HR 2 [ B ZSEE O el 256 X128
No.9 EC-Earth3-Veg-LR 9 BH 3K 7R G A =k B el 320X 160
No.10 FGOALS-3-1. Hh L Bk 2 B R A BEATT 5 i E 288X 180
No.11 FIO-ESM-2-0 3R B R A — M T S i E 288X 192
No.12 GFDL-ESM4 5 ] iy BR ) HI AR ) 2 S G 5 F 288X 180
No.13 INM-CM4-8 MR SR B SR W 5 B e i 180 120
No.14 INM-CM5-0 R Z ST RL A e S B 5 Gl 540X 360
No.15 MPI-ESM1-2-HR 8 S A R R R GE 5T R0 ot 384192
No.16 MRI-ESM2-0 H AR L 58 HZ& 320160
No.17 NorESM2-MM 6 J20 4 3R 2R e A A IR B E1/9719 288X 192
No.18 TaiESM1 R BB AR s P EATE 288192

H: GCMs {5 BRI T CMIP6 ki B W (https://esgf-node.llnl.gov/projects/cmip6).

ERSE LA, j).

(2) K BE AL AL 38 B A 09 R 0 50040 38 0 i A
A B0 K A
f(i,j)=0.299R(i,j)+ 0.587G (i,j)+ 0.114B(7,j) ,

(1)
AP R, G, B ul el B 50 & .
I E R .
R T T
I=MxN- 2@ @

(4) 25 W A F7 91 X AR 0T 5 7 B4 e,
Az R Bk 5
H(ij)= b f(z’])>‘i. (3)
0, flUj)<f
e ZAF B S MOXN [ 0E A ] o
H=[H(1,1),H(1,2),...,H(M,N)]. (4
(5)IH3 HD. B W21 0 A 3 51 5390 4 HL A HL,
KBS g L,

L
HD:Z‘Hlk_HZk|- (5)
k=1

HD 327~ WA R BE 45 J AE X A7 & AN
[R) S 495 14 850, BB /N, — 3 — SO R &, s 2 IR
SR (Grabowski and Kowalski, 2021). b $& B % 7k 2%

[E] 43 A1 1) S AT 25 R AE O T4 B 4 %o (i 52 ), AR BF 5%
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Table 2 Annual precipitation trend analysis for each station
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Fig.2 Basin-averaged precipitation (a), annual mean precipitation at Lingkou station (b), annual mean precipitation at Lushi station (c)
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Fig.3 Abrupt change point analysis in basin-averaged precipitation (a), abrupt change point analysis at Lingkou station (b),

abrupt change point analysis at Lushi station (c)
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Fig.6  Boxplots of statistical indicators (extrema, median, mean, upper/lower quartile) of precipitation in GCMs
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Table 3 Typical characteristics of precipitation before and after QM bias correction under observations and selected GCMs
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