55 40 55 5 1) K AR Vol.40 No.5
2026 4= 10 A Journal of Soil and Water Conservation Oct., 2026

DOI:10.13870/j.cnki.stbexb.2026.05.001 CSTR:32310.14.sthexb.2026.05.001
Pk gk UM 5% BEREBL, % JE T ERAS-Land BUHE A 4 BROAE i 3 /K I 25 R AE [T ] 2K R 172441, 2026, 4005) £ 183-194.
Hou Zhiyi, You Binji, Liang Kangrui, et al. Spatiotemporal characteristics of global extreme precipitation based on ERA5-Land data[J]. Journal of

Soil and Water Conservation, 2026,40(5) : 183-194.

E F ERAS-Land £ #& B0 & Bk 5 o5 BF 7K B = 4F1E

BEER, LWME!, 2R, T2, #—x' x| @2
(L. PG IR R BE 4T KoK 2 ARG Rl 2 5 TR 22 B OK LR FFIF ST BT ) K AR IR 5 e AL 6 4 [ i S S0 80 =5,
BEVE #5¥ 7121005 2. H E B2 B K R K £ AR R 0 55, BEVE #50% 712100)

= (BRI b R0 K W B 23 S AR R0, B I 540 B OK Z M X s oA, [53R] 3%
T ERAS-Land /NI R B K B8R, 76 2 25 W1 (1991—2020 45 ) P9 3% JH 17 40 57 35 10 12 451> RS 051 Rk
2595 FN4E 99 T 437 B (B (R95 A1 R99) , I3+ 1991—2024 4E PRCPTOT (A A B B /K ) A 3 B 7K 36 A
RO5p G ik RO5 [ {H 1 4F B /K 1 ) Al R99p Gl it RO9 BIE M AERE /K ) o 454 TPCC ARG UM 43 X, Il HI 4k
PE# 3 Mann-Kendall £ 3 . Sen ' s slope fii 1} Pettitt ¢ A8 K By, 3 45 70 Br 42 BRI it 196 K 099 23 1146 =)
KA S R AR RAE . [EER T D 4 BRI B /K 52 B0t 2 1) S R ek s Il AR B 5 1k, s 22
£ P T S X R b T A0 XU X 385 HE e RO5p (143 (8] 43 A LA 5 PRCPTOT — 3, 1fif RO9p FHLH
Y R ML AR M . 2) AR BRI SR R, DKl 5 W A XA R R K S R K DL TR A T
BT R LT N 3 0 S5 X 280 X A 4E B R K AR 5 B R RSO
Ui R KATY B b Th R 3 TR S X AR 2 B T T RS A RS A I 4 SRR . Rt S A
5 WA A i IX I T IR T BT A i A AR B SR B o 28 HH . 3D Pettitt S8 28 G 06 45 SR W, MR AT K
Uity BE AR R B 22 A A X G T ) d S R A, LS AR I B RS R TR B B . PRCPTOT 78 28 A8 i Ji A 522 T e s
MM RIS AT RO9p 2148 B HY 38 i i 44, o RO9p Y248 R B . [ 458 T 4 e I /K 58 4 SR B8R /K o a5 JR
J WIS AR I 5 TR K SCAIE B 1 48 A8 M A8 Ak, JHE DX ) 7 2 S B 3 o S DX AR i R K 1 48 i R A T LA
8 3 AT L R K S A A IR B, 2 1 R A S0 SRV TEA 5 7K SC ik AR R 5 7 T o S 3 48 o g A A Ak o

KR A RO B HT; ERAS-Land ; B 258 R AE

B 525 :P426.6 CHERFRIAED : A X EHE1009-2242(2026)05-0183-12

Spatiotemporal Characteristics of Global Extreme

Precipitation Based on ERAS5-Land Data
Hou Zhiyi', You Binji', Liang Kangrui', Li Haoyang', Chao Yizhuo', Liu Gang'”*
(1.College of Soil and Water Conservation Science and Engineering (Institute of Soil and Water Conservation) , State Key
Laboratory of Soil and Water Conservation and Desertification Control, Northwest A&F University, Yangling,

Shaanzi 712100, China; 2.Institute of Soil and Water Conservation, Chinese Academy of Sciences and
Ministry of Water Resources, Yangling, Shaanxi 712100, China)
Abstract: [ Objective] This study aims to analyze the spatiotemporal evolution characteristics of global extreme
precipitation and clarify its regional differences relative to annual total precipitation. [ Methods] Based on hourly
precipitation data from ERA5-Land for 1991—2024, the 95th and 99th percentiles of daily precipitation during the
reference period (1991—2020) were calculated for each grid point as R95 and R99 thresholds. Annual total
precipitation (PRCPTOT) and extreme precipitation indices R95p (annual precipitation exceeding the R95
threshold) and R99p (annual precipitation exceeding the R99 threshold) were then computed. Combined with the

W5 H #8 :2026-01-30 &[5 H #3:2026-03-03 F A HH#:2026-03-10 W & & % B # (www.cnki.net) : 2026-06-22
BETE:HEHRREE AT EIE (42277344) s BRFT A A I35 R 22 3£ 400 H (2024JC-JCQN-39) 5 B PG 45 5 A & 11 %135 B (2025GH-
YBXM-062)

F—1EE EBEK2001—), B W 05T R, 32 5N S s B KRR 58 . E-mail: 18795033511@163.com
BAEEE XINIC1982—), 5 14 WFSE A, WA 0, 22 g R HER Il 5K L ARFFIFSY . E-mail: gliu@foxmail.com

http. // stbexb.alljournal.com.cn



184 KRR 540 %

IPCC ARG climate classification, linear trend analysis, Mann-Kendall test, Sen’s slope estimator, and Pettitt
change-point test were applied to systematically analyze the spatial patterns, long-term trends, and abrupt changes
of global extreme precipitation. [ Results] 1) Global extreme precipitation exhibits pronounced climate-zone
dependence and strong spatial heterogeneity, with high values mainly concentrated in tropical climate zones and
windward slopes of mountainous terrain. The spatial distribution of R95p generally corresponds to PRCPTOT,
whereas R99p shows stronger local concentration. 2) Linear trend analysis indicates that in continental and polar
climate regions, both total and extreme precipitation show mainly increasing trends, while in arid and semi-arid
regions, decreasing trends dominate. In most tropical regions, extreme precipitation increases significantly even
when total annual precipitation trends are insignificant or slightly declining. Temperate regions show complex
patterns with increasing, decreasing, and relatively stable trends coexisting. Trend significance tests reveal that
the enhancement of extreme precipitation is particularly pronounced near the equator. 3) Pettitt change-point
analysis shows that extreme precipitation exhibits significant abrupt changes in more climate regions than total
precipitation, with generally larger magnitudes. PRCPTOT shows an overall decline before and after the change
points, while R95p and R99p both show increases, with R99p exhibiting the largest magnitude of change.
[ Conclusion | Extreme precipitation is more sensitive than annual total precipitation in reflecting structural changes
of the hydrological cycle under global warming, with significant regional variations. In some regions, the
increasing trends of extreme precipitation are not effectively reflected by total precipitation changes, highlighting
the need for future climate risk assessments and hydrological studies to focus more on extreme precipitation variations.
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Fig.3 Linear trends of precipitation and extreme precipitation indices in continental and polar climate regions
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