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Spatiotemporal evolution of extreme precipitation and population exposure in China
based on a frequency-intensity combination classification
ZHANG Zilong' , CHEN Min"?, WANG Zhaosheng’
(1. College of Hydraulic & Environmental Engineering, China Three Gorges University, Yichang 443002, Hubei, China;
2. Engineering Research Center of Eco-environment in Three Gorges Reservoir Region, Ministry of Education, Yichang
443002, Hubei, China; 3. Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic
100101, China)
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Abstract; [ Objective] The evolution of extreme precipitation and the result ing population exposure risks are critical issues in
global climate change studies. However, traditional assessments focusing solely on frequency or intensity cannot fully capture the
complexity of these evolutionary processes. The evolving pattern of extreme precipitation across China from a dual-dimensional
perspective of frequency and intensity is analyzed, and quantitatively identify changes in population exposure and the underlying
drivers, thereby providing a scientific reference for formulating precise disaster prevention strategies and climate change
adaptation plans. [ Methods] The Multi-Source Weighted-Ensemble Precipitation ( MSWEP) dataset and the China Historical
Population Spatial Distribution Kilometer-Grid Dataset were employed. The K-means clustering method was adopted to establish
an integrated classification system for extreme precipitation based on frequency and intensity. By comparing the periods of 1981—
1999 and 2000—2020, different shifts in extreme precipitation type were identified, and the evolutionary pattern of population
[ Results | The

results revealed that approximately 23% of the area in China experienced a shift extreme precipitation types, dominated by

exposure as well as the contributions of distinct factors (e. g. climate, population) were quantitatively assessed.

changes in either frequency or intensity alone (e.g., intensified intensity with unchanged frequency), whereas synchronous
alterations in these two aspects only accounted for about 1%. Furthermore, changes in population exposure to extreme
precipitation across the two periods displayed marked spatial heterogeneity, with an increase of exposure occurring in around 70%
of the whole country, especially in southern and eastern coastal regions. At the national scale, population change dominated the
change in exposure with national average contribution rate of 67% followed by climate change ( ~ 30%). However, in
northeastern and northwestern China, climatic factor exerted a dominant influence on the changes in population exposure.
[ Conclusion | The findings reveal the complex characteristics of divergent evolution of extreme precipitation in China across both
frequency and intensity. Traditional assessments relying on a single dimension might underestimate or misjudge disaster risks.
Future management of extreme weather risks requires formulation of differentiated strategies for disaster mitigation, prevention and
adaptation based on the spatial heterogeneity of evolution in extreme precipitation type.

Keywords : extreme precipitation type; population exposure; spatiotemporal evolution; intensity; frequency; climate change;

disaster prevention and mitigation ; spatiotemporal evolution
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Fig. 1 Change-point detection analysis of global temperature based on the PELT method

FF K-means AT, 0 BIVEF RIAR g [ 7K 5
FUTR AT, WY S5 R BOPAS, K HL
H¥R 3, FESRIES ST, X E—ANHE s BT A B
FERT B N TR H 1 A o 9 7K 5 R A AR s R K-
means JTIAERIE . P R 3 2% DA —2KR0R
FEYE IR A 2 i 0 B o 36 7K 5 B2 0 288 1 1 ( AL [
2) . HITRAMREAS S I X, AR S,
R EE BT N R 4 X K O TR, i A2
S W) 25 b ARG S T R AR X o 2R TEARR )
FTJ7 T, AR A K R B AR G 1981—2020 4F:
()RR AEAR R K R R AR AR T R RIS O
A A AR B B AR BB, SR K-means J7 75 R 2K
S, v, ARSI 3 2 MRS BIE IR 1 A,

&1 ET Kmeans BEMRIRFEKINZ LB XI5 HE
Table 1  Classification thresholds for three frequency-based
types of extreme precipitation
(0, 2] || A | (2, 8] || misEA

20N AT I S B8R 7 T 8 AT R i B K A K
TG, 15 B R K A0 - 3 40 A S8,
fhmE - (HH) | Sl - (HM) | & 00— (R R
(HL) . "PHi-sm (MH) | P3i-rPsR (MM) | -
K (ML) . fES-E et (LH) . (50— (M) | i
AR5 (L) 9 PR AL ST XFREAHE , FEiT 45 i)
o BT ot 1 280 | SON T PR R R K R
1.3 HMinEKAORBEESH

Y G NBE-STAE St G2 5 S X e R PN
123 [ 430 U A5 B 32 52 N RS, Tl i

¥ A
IR

(8, 34]

92

N EUX i e K R v A R R A%
IPCC SREX JRUS: i B4 ) LA JEVARL O i i B2 7K 1)
AR i B R fE S M PSSR, IR,
RGO 1, 2, 3, R 4ESH 4l AR
P AT R -5 B 2R A P43
C=F+1-1 (1)

A, F OB AR G AH 5 1 A s 7K o i 4
PAA; € R - 2 A IR N LR B VT4 o

o, LL, LM, LH, ML, MM, MH, HL,
HM . HH JURPZE B o B AR PEAE o 1, 2, 3,
2.3, 4,3, 4, 5 WPy, BUHBOR R S S KU
VS =S O KN S A I D2 N - 67T a = R
M AR I N EF I R 3 RN 1T A%
B REE 2 0.1°, B &0 [A]— FEoK A& o9 14 B A7
NERE S, A XS AN DB A28, 5 MSWEP [
IR A [ 43 B — 3, JERT PR 2B () 43 B2 7 1) i
T —BACIE, DABRORZS [ DEECAERR . A% a5 i AR o
MK AN O REEE (E,) Baizig S r A (r,) 5
2 S R R g R K 238 — 5 A 2 B T X o 1) T
a(C,) MR E,, HEAKXN

E, =P xC, (2)

T LR A, I AE SR P R R R iR 3 Xof
TR HAA RS TTER B R I T AR R X i e
AR | 58 AN R RAS 1) SRRk o AT 5 SR (DL IR 3)
PURPAR SR T 58 S AEAE 7 5T B R BRI AHOC R
BIKT 0.97, AESEAEF T WA Z 0] 4 E 5%
5 BE AR Al AN T A A 7 SR 22 20 £ 1. 78%,
FWSEAHTHIR 7 SR RBAE A A8 S W3R R i f K N 1

KFKEBER(PHRL) E57%H 2026 FFE 9 H



KT, &/ ETHRR-BERKSAEMTERRERZAOREEHNELFE

{5 2 (Fe/MED) AR5 AL (e KA
50°N
40°N
30°N |
2o T gt
_---I- Eﬁ% 1 SR K --I-- 1 1 AT ¥ o 1y
80°E 90°E 100°E 110°E 120°E 130°E 80°E 90°E 100°E 110°E 120°E 130°E
1'1 l‘5 2'5 36 46 57
Pk i B /mm-d !
rh R A (B /ME) R (R )

50°N

40°N

30°N

20°N

1 1 I \|"?-‘v‘? o ) I I I \|';-‘4‘? 1
80°E 90°E 100°E 110°E 120°E 130°E 80°E 90°E 100°E 110°E 120°E 130°E
< ] T
7 26 45 64 83 102
Pk 5 B /mm-d!
15 SR A (e /MED) IR AR KA
S0°N
40°N
30°N .
b i
4 ’ \3'-’(@'
2008 ] FesdR R
. @ﬁ% I \ oo 1y =
80°E 90°E 100°E 110°E 120°E 130°E 80°E 90°E 100°E 110°E 120°E 130°E
12 62 111 161 211 261
Pk 5 B /mm-d!

ZEFET A AR G UREbR v b IR 55 W3l T 2810 5 [R5l GS(2024) 0650 5 i br v I /E , IR AR TeBk, THE
2 ETF K-means BEHRinEKEERE LS HE

Fig. 2  Classification thresholds for three intensity-based types of extreme precipitation
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Fig. 4  Scatterplots of the 99th percentile of daily precipitation and extreme precipitation frequency derived from MSWEP and GPCC

50
40
30
&
2
:
= 20
10 |~
/‘\____\___’.t___,_/"\.f//\'“/& ‘_"____,,&\‘_“
o | o
1980 1985 1990 1995 2000 2005 2010 2015 2020
E
—  {RHRIRA(LL) —  E-IRIRA(ML) —— EH-IRHRE(HL)
EAF-H 3 F(LM) 13- 8 76 (MM - AL (HM)
S-S R AL H) — - R (MH) — M- (HH)

El5 WAETHI(1981—1999 £F1 2000—2020 £ ) F kb kX R BEER & LT FR
Fig. 5 Variations in the area proportion of different extreme precipitation types (1981—1999 and 2000—2020)

2.21%, Ho LM A 3= 2 3 7E A2 AL R PG b 38 4 H
X, HL A 7340 1 78 R b DX R 3 300 AR o B /K
A R A A R JF ok & B35 AR Ak, (B LL A AR
O T 4. 19% , 1 ML, LM A1 HL = Fh 28U 5 2
S TIET 1.14% . 1.28%F1 1. 16%

PR B S0 i A 7K 2 [B) A SR (R 28 Ak n 8] 7 e
WK 3 T 2 R A AR Al Y X3 4 R TR Y
22.92%, Hrp, TEARIL, PG IX & A AR X
W R, AERHBIX A iR/ N(DLET 8) o AR AR IX I

KFKEBEAR(PHRL) E57%H 2026 FE 9 H

W DA R R PR T R S A T AR R o R
D, A R AR 8 LRIk 70, 34% , ALEE AR
FEAR T 3 B AN AR 7 [ B AR (F-1=, 43.36%) il
HRT . REEARAE” (F+I=, 26.98%) M KEE7R
A, o TRES . PRI HIX . Hik
SR B FRIELAS  RAEN MR R
(F=I-, 17.17%) il “BiEAAE, WmEK K" (F=
I+, 9.44%), FE55Am TIREI T HLIX, MH#3 5 5g
JE Y5 e A AU R X BRAY 3. 05% , He AP B — i i [

95



KT, F//ETHR-BERKSAEMNTERRERRZAOREENRERE

®2 AEMEEAEEERG L ENELE DT

Table 2 The trend analysis of area proportion of various extreme precipitation types

1981—1999 4¢ 2000—2020 4§
LL y=-0.122x+42. 58 (p=0.529) y=-0. 544x+42.51 (p=0.001)
LM y=-0. 112x+10.92 (p=0.208) y=-0.070x+10. 73 (p=0. 050)
LH y=0.017x+1.79 (p=0.576) y=0.028x+1.37 (p=0.156)
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Fig. 7 Spatial pattern and area proportions of changes in dominant extreme precipitation types across the two periods
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