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Tab.1 Extreme precipitation indices
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Fig.2 Analysis chart of cumulative anomalies of various extreme precipitation Indices (note: the solid line represents the
cumulative anomaly line, and the dashed line represents the linear trend line)
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Fig.4 Spatial trend characteristics of extreme precipitation indices
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Tab.2 Results of correlation analysis between extreme precipitation indices and local meteorological factors

ity & 7K Fi b IR TEZE UK
AM1X 0.661"" 0.206
AMSX 0.760™" 0.263
PRCPTOT 1.000"* -0.491™
SDII 0.769™ -0.337"
R95p 0.959"" -0.436™
R99p 0.824™ -0.312"
CDD 0.170 0.084
CWD 0.719" -0.278"
R25 0.830"" -0.365™
R50 0.665"" -0.197

VE:*P<0.05, **P<0.01 F*#*P<0.001 43 A AR AR B W A7 7E 538 A0 S, AR 25 A0 e MR A 5 38 AH 5% 1,
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I 32 Z IR ) 138 A Bk K E 2, H B CDD 5 bR Ak,
HE A% 9 b A i B K F5 FR 238 I T 95% B A5 K P
(P<0.05) 2 35 M AT 46, 3X 3 BHAZ O T bl o B 7K 8 A 3
5B K B 2 B E W IEMAHSR KR, B KFHM

T RN 3 0% i 2 W9 A s A LIS, AT B85 17 i
Uity [ 7K F A4 i AR IR %, [R] 2, 38 1 Pearson A1 AH
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FHTEE 2R, VEYASE 533,
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Tab.3 Results of correlation analysis between extreme precipitation indices and teleconnection factors

ity B K i b AO ENSO AMO NAO ONI PDO PNA SOl

AM1X 0.096 -0.127 0.207 -0.151 -0.156 -0.168 -0.036 -0.136
AM5X -0.049 -0.152 0.213 -0.079 0.171 -0.085 -0.157 -0.156
PRCPTOT 0.078 -0.083 0.186 -0.031 -0.109 0.078 0.046 0.091
SDII -0.115 0.143 0.258 -0.162 -0.213 -0.032 0.154 -0.202
R95p -0.031 0.105 0.215 -0.09 -0.144 0.07 0.081 -0.087
R99p -0.023 -0.141 0.257 -0.118 -0.179 -0.111 0.083 0.123
CDD -0.151 -0.18 -0.076 -0.222 -0.176 0.053 0.215 0.126
CWD 0.174 0.081 0.113 0.15 -0.085 0.084 -0.046 -0.025
R25 -0.106 0.118 0.162 -0.086 -0.167 0.027 0.078 -0.125
R50 0.052 0.155 0.119 -0.055 -0.21 -0.135 0.059 -0.168
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Tab.4 Pearson correlation coefficients between local meteorological factors and teleconnection factors

at SRR AO ENSO AMO NAO ONI PDO PNA SOI
F& 7K 0.063 -0.085 0.181 -0.032 -0.109 -0.039 0.039 0.094
TR 2R R -0.260 0.116 -0.295* -0.054 0.179 -0.045 -0.176 -0.112
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Fig.5 Results of analysis on the main driving forces of extreme precipitation in the Hutuo River Basin
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Analysis of Spatiotemporal Evolution Characteristics and Driving Forces of

Extreme Precipitation in the Hutuo River Basin

AN Xin'?3 LI Ziyan'?, ZHOU Shuai'?, ZHAO Jiayi'?, YAO Liyun*, TIAN Jiyang®

(1.College of Water Conservancy and Hydropower, Hebei University of Engineering, Handan 056038, China; 2.Hebei Key
Laboratory of Smart Water Conservancy, Handan 056038, China; 3.College of Water Conservancy and Civil Engineering,
Inner Mongolia Agricultural University, Hohhot 010018, China; 4.Hebei Hydrological Survey and Research Center,
Shijiazhuang 050031, China; 5.China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: [Objective] Extreme precipitation is highly prone to triggering basin-wide flood disasters. Conducting research
on the characteristics of extreme precipitation and its driving forces can provide theoretical support for responding to
extreme events. [ Method] Therefore, taking the Hutuo River Basin as a case study, this paper selected 10 extreme
precipitation indices, 8 teleconnection factors, and 2 local meteorological factors. By applying methods such as the
Mann-Kendall trend test, cuamulative anomaly test, inverse distance weighting interpolation, and partial correlation analysis,
it comprehensively identified the temporal and spatial dynamic evolution trends and abrupt changes in extreme
precipitation and quantitatively analyzed their direct/indirect driving forces. [Result] Among the ten extreme precipitation
indices, nine exhibited abrupt changes in the mid-to-late 1990s, while only the maximum precipitation index showed an
abrupt change in the early 1980s. Spatially, the variations in most indices were characterized by a distinct east-high,
west-low gradient, while a majority of meteorological stations recorded a significant increasing trend temporally. The
principal meteorological factor directly governing extreme precipitation was identified as precipitation itself. Regarding the
direct influences of teleconnection factors, the North Atlantic Oscillation constituted the most substantial contribution at
60%, followed by the Australian Nino Index (20%), with both the Arctic Oscillation and North Atlantic Oscillation each
accounting for 10%. Furthermore, teleconnection factors demonstrated capacity to indirectly modulate extreme
precipitation through their effects on local meteorological factors, wherein the Arctic Oscillation and North Atlantic
Oscillation emerged as predominant regulators. [ Conclusion 1  Teleconnection factors such as the North Atlantic
Oscillation collectively dominate extreme precipitation changes in the Hutuo River Basin through both direct and indirect
pathways. The findings from this study can provide critical guidance for the development of regional disaster prevention
and mitigation strategies.

Keywords: Extreme precipitation; Temporal and spatial evolution; Local meteorological factors; Teleconnection factors;
Hutuo River Basin
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