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Abstract

Based on the CHM_PRE V2 high-resolution gridded precipitation dataset from the National Tibetan
Plateau Data Center, this study employs the Theil-Sen slope estimator, Mann-Kendall trend test, and
Hurst exponent to analyze the spatiotemporal variations of eight extreme precipitation indices in
the Sichuan-Chongqing region during 1960~2024. The results indicate that: (1) Extreme precipita-
tion exhibits significant spatial heterogeneity. Intensity and frequency are higher in the western
and northeastern Sichuan Basin than in the eastern basin and western Sichuan Plateau. During
1991~2024, an increasing trend is observed in the western basin, while a decreasing trend appears
in parts of the eastern basin. (2) Overall, extreme precipitation shows an increasing trend from
1960 to 2024. High-value areas of Rx1day and Rx5day are concentrated in the western and north-
eastern basin, with maximum values of 122.43 mm and 168.31 mm, respectively. Spatial trends are
complex, with both increases and decreases. (3) Phase changes are evident. Rx1day and SDII exhibit
significant increasing trends, whereas Prcptot, Rx5day, R10, R20, CWD, and CDD show decreasing
trends. Trends during 1991~2024 are more pronounced than those in 1960~1990. (4) Extreme pre-
cipitation variations demonstrate strong persistence, with Hurst indices mostly between 0.7 and
0.8, indicating high temporal memory and suggesting continued intensification in the future. This
study provides a scientific basis for extreme precipitation risk assessment and disaster prevention
in the Sichuan-Chongqing region.
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Figure 1. Topographic map showing elevation in the Sichuan-Chongging region (Unit: meters)
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Table 1. The indexes and definitions of extreme precipitation
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Figure 2. Climatological distribution and difference ratio of extreme precipitation indices (The first column represents the
mean values for 1960~1990, the second column represents the mean values for 1991~2024, and the third column represents
the difference ratio)
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Figure 3. Climatological distribution and difference ratio of extreme precipitation indices (The first column represents the mean
values for 1960~1990, the second column represents the mean values for 1991~2024, and the third column represents the dif-

ference ratio)
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Figure 4. Spatial distribution of trend slopes for extreme precipitation indices (The first column represents trend slopes for
1960~1990, the second column represents trend slopes for 1991~2024, and the third column represents trend slopes for
1960~2024; black dots indicate regions passing the 0.05 significance test)
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Figure 5. Spatial distribution of trend slopes for extreme precipitation indices (The first column represents trend slopes for
1960~1990, the second column represents trend slopes for 1991~2024, and the third column represents trend slopes for
1960~2024; black dots indicate regions passing the 0.05 significance test)

5. RumbEKIEBBEERZE S H(E—FIA 1960~1990 FEE, FFH 1991~2024 FEE, F=5H
1960~2024 FFfim%; BRESFRELT 0.05 HEZEERIE)

L L L L L L
100°E 105°E 110°E 100°E 105°E 110°E

SITBU T RW], 1991~2024 A AR R FE K A A A HL 1960~1990 FFH AR % . £ 1991~2024
FEWIA], ZH PR Preptot. Rxlday. RxSday. SDII. R10. R20 1 CWD K ETHé&s s nged, Higid
BEMRIAN X IR ERIEZ . ML T, 1960~1990 4 HATH #4850 B AR 15 55, B AT IE
1 X3

M) 3 A KT, 2 S AT b0 2 Wi B K AR A B g S 3 () X, 3R] 8 -5 2% DX Py b T2 AR A A
RGN . PG AT 5 J5 A 2%, MU 46 FHE S A% X 38 5 25 5 52 B P md 2= KUK SE A, 76
ABRBEE SN, KV Y a8 5 O i B K AU

3.2. tRimPEIKIE R A AL HFAE
Ko MEL 7 o 11X 8 AN B K SR HUFE 1960~2024 4R (8] (4 B2 (L 51 Je e ka9

DOI: 10.12677/ccrl.2026.152040 355 SR TR


https://doi.org/10.12677/ccrl.2026.152040

/it 5%

trend=-0.030 d/10a

L L L L
104 (a) trend=-0.035 d/10a trend=0.118 d/10a
s
=4
g 81
6 1 T t T T
1960 1975 1990 2005 2020
trend=0.279 mm/10a ) ) . R
E 55 - (b) trend=1.027 mm/10a trend=1.187 mm/10a n
=.50 1 -
3
= 451 r
40 T t T T
1960 1975 1990 2005 2020

trend=-0.221mm/10a

() trend=1.120 mm/10a trend=1.722 mm/10a

1960 1975 1990 2005 2020

trend=-0.167 d/10a )
30 1 (d) trend=-0.418 d/10a

trend=0.275 d/10a L

1960 1975 1990 2005 2020

Figure 6. Interannual variations and trend tests of extreme precipitation indices in the Sichuan-Chongqing region
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Figure 7. Interannual variations and trend tests of extreme precipitation indices in the Sichuan-Chongqing region
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mm/10 a. SDII 7£ 1960~2024 “F[EJEEh /)N, 22218 ETHEH 2y 0.028 mm-d-'/10 a.

MARZAERR KT , R10 A1 R20 1E 1960~2024 4[] L2 5 T R . R10 1) FE#EFE L) y-0.17 d/10 a,
R20 ) FFFIEZEL)9-0.03 d/10 a, FRHREFIRF 1) A AR BE g/ o fELAE =22, R10 1 R20
7 2020 543 5 B 30.94 d AT 10.84 d F = .

MEFEEVETRbR KR, CWD 2 TS, TFHRERLA-0.152d/10a, Hild 7 2EEKELK, CDD £
N, TREEEZN-0.01 d/10 a B EHRIE AT AR R LR XA g R . g5 LRTEn, I IX
B AR R JRT . SRR R T KR .

3.3. Hurst 388947

Hurst $5%050 1 25 F0F T 000 A SR il s P /K AR A0 B B 8 . W42 2, R20. R10. Rx1day. Rx5day-
CWD. CDD. Prcptot. SDII £# ¥ F4 /K #5%f) Hurst #5503 514 0.75. 0.80. 0.79. 0.76. 0.82. 0.72.
0.78+ 0.79, JHEIT 1, IXFEANR ) [VarHh DX A B /K o B AR Ab ka3 A FRatt, T, SRR r

IR
Table 2. Hurst indexes of extreme precipitation of the Sichuan-Chongqing region
5= 2. )Iinith X AR EmFE7K Hurst $53%
s B 7K F8 2 Hurst
R20 0.7538
Rx1day 0.7867
Rx5day 0.7634
R10 0.8062
CWD 0.8279
CDD 0.7238
Prcptot 0.7840
SDII 0.7875
4. &g

AT CHM_PRE V2 573 #386 s FRok 2855, R A Theil-Sen &2 4%117%. Mann-Kendall &%
FIIGIEAT Hurst 3850, RE0HT T 1960~2024 41Tk X 8 AMH ity B K 8 B I 2 AR AE, £ ZELE D
R

(1) Vit DX AR s P48 /K 2 [ 43 A b S0 2 PR DX 3 2 S o D) 2t 50 AR 38 ) AR i o4 7K i
AR B i T A AR AN P S . 1991~2024 AFAHXT T 1960~1990 4, 7t 6 350y Al o e 7K 58 B2 52 38
ST, T 7 2R S 40 DX A PR AR P K R IR TS

(2) MBFEIARAG KT, 1960~2024 4F 1] )16 DX AR i P 7K 2k 23 &%y . Rx1day #1 RxSday 4% A
3T Preptot BAMIUMFAE, Sl X EEAEPEZ PRI, B A 122.43 mm 1 168.31
mm. & FEKIBHCEAREARF X E WG A . DA R AN B KRS,

(3) Mo /K BIAR A B B B B B PR ARAE . 1960~2024 4F 1], Rx1day 1 SDII & &3 Frb#as,
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/it 5%

THEF 554 028 mm/10a, 0.028 mm-d-'/10a. Prcptot. Rx5day. R10. R20. CWD. CDD ¥ & N4
B, 1991~2024 4E 18] 5% W i (K F8 B 2R AL A A EE 1960~1990 4R AR 2, X5 1990 4EAR LK 4 EkAS
R N PR B ()45 s AH W) 5 o

(4) Hurst 45500 HrR 9, 11t DX AR i B2 7K A8 A0 LA 5 0 R 4R S A AR AT o K78 20 Wi 26 /K 418 ) Hurst

FREN T 0.7~0.8 28] A JIIZH X A o B /K I G A8 I []_E B A B IR BT S 4 ek
E&mE

RRARAE B TR R SRS A 0 B I 2 iR H (X202410621016).
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