W3t = 3R
MOUNTAIN RESEARCH

XEHS: 1008 -2786 — (2023)2 -192 -12
DOI; 10. 16089/j. cnki. 1008 —2786. 000741

51 AR Xt BRI, K A T 60 AR T U AR S A /K R K AR R [ T ] (L4t , 2023, 41(2) : 192 -203.
LIU Jifeng, JIN Lijun, ZHANG Yongsheng. Evolution characteristics of extreme precipitation and flood in the Weihe River basin of China over last 60

years [ J]. Mountain Research, 2023, 41(2) ; 192 -203.

UL 60 78 A i 43 A o B 7K 0 7K R R AE

XEE HAR KkL
(HET K ZE B 2K SR, F8 M 450004 )

A OE I Al E PG DR, R AR DRI A SRR o X, W e A K SRR AR S R MK AR
FRE . AT EEREPTERK G R A RIAR AL , Tk R K A A A U A TR 24 . A SCEE T 1961—
2021 A GRSCHERE, Ve 8 M ik 5 K 4 A AR S AF fe R BE W I fE, SR AT A 207 B {E 7% Kriging 25 [A]
SRR ARYE I i S~ 293k NBT BT, b 7 3 T SO S 3 7K At K I s AR R AL R U AR AL LA %
2021 AFAR s e /K FIHE KRR o S5 SR FH : (1) T 60 4711 0 U Selbie i ok 7K ek 00 2 I A3 0K . 25 16 Jom i 1] BT, A i g
TR AN AT T8 5, T 55 A K D o AR i 7K R A B A S 3 D R o A e e 7K R R K 37 2000 4R LU
T R R i K R R OB AR BB IR 2 12% ~22% , FF H.A W P 7K 18 J0R R (. 4 H BEAE 2000
UG o (2) Beifa K A KA N AR B BB TET AR 8 A R#EER"-CF /A L5090 A2k
W (3) A A g /I Kk S B0 0 i T U2 8 4 2 A e e A i o 7K AL P AL P DA i A
A o A SR B TR A, S St DA T v i ] e DX TR L SR — T B (4) B K At K AP AE 2
ATHASACHEAE , B S BK EIAEACPRARAE .35 0 (5) 2021 4537 T 3L Sl b 0 g /I B2 KR DAL PR H 50349 2
iT 61 AR di, A EL i th B 2012 4 LR SR CHE K A, P B 1935 ARAT Sl BERHOR 9 A 43 Rl B itk o

TIFFE 2 AR AT A3 ] O Sk 9 B A B it BRI AR 2 2 K
SR SREAAD « A S AR 7K s A B KB AL 5 AT 5 /NI AT 5 I S AR A 5 T T

HESES: P426 SMERARERD: A

AU AR 18 by S BRIRRAIE 9 4 3R UL T | A 4%
MR S AR A A A, XA 2wl R e e N R
P O R b R K S S
UK G LR R X 0K BT IR 22 5% , Bl 1 5 By i3t
h ORGSR A,

LA A, 74 AL i DX i K AN K 3 O
J TR I ALk VG b DX AR, R 0%
DX ANA A IREEIE S X, A B L B i e K AR AR A
SAES IR WK AR EIE " AT R
TE R R K B 1990 4 LUSAEBr i sh B 4%, [F]

R B8] R AN Sk T el N A P A P % 1
SEAR R S B A PR L A K 5 ) AR
SN BRI R PRI KR K B R Y
U T8 AR R R AR AR iy S SR 1 R A S
T T i e K Rk K A Ak R AE BF 58 AR X
AR

2021 4%, T80 & A= A 2 9T R Dok B o Ak
TR (A 3 A A AR AE B ™ R AR SC L 1961—
2021 TERNR IR AG K SO S LAtk 380 A ) AR it
REE K FIAE K FE B , %o 12 X 3 A% i ik 7K R 7K B B 23

U575 B BA ( Received date) : 2022 —12 —29; 2t [8] H 3] ( Accepted date ) 2023 —04 - 07
E £ B (Foundation item) ; [EZH 5 W & X)W1 H £ 85 (2021 YFC3201104 - 02) , [ National Key Research and Development Program of China

(2021 YFC3201104 —02) ]

& B 4T (Biography) : X Ug (1972 =), 55, INZRWIM , 18 1, B 9im T, FZEMRFET5 100 « B UBUK B o [ LIU Jifeng (1972 - ), male,

born in Liaocheng, Shandong province, Ph. D. , professor of engineering, research on hydrological forecast of the Yellow River basin] E-mail ;

jifengliu@ 163. com



Vol. 41, No.2

T 60 AT AT AL AR, it e K A K B AR R 193

AR A SRR DT 00, IR ik — 2R 2021
AR DX S R A RN E KRR, TR A2 41 12 3t R i
ARG UK ASAC R , LAHI oA i sk 6 BRI A 5
G F AR SR AR A

1 BT IX AL

B B S — RS, KR T HONEE TR,
WMAH T E BT =4, TR 4 G B A
WL, oA 818 km, Jaids N HbAR &2 2%, JLHF ok ¥
=) e B T N i = RN 3 A
KoK 23 43 A AN, 52 B R i ) v st ok 1) 48 £k
FHIE . 47 Y[ K & 564.5 mm, 4F ¥ KSR 12 I i
63 x 10° m* P | JRIAT R B B 2% S, e T
BRI TR I K S o7 T390 T Ui, 457K 1H AR
4.3 x 10" km® | (52 R FR A 95% , Ji 14 T T B
RN - ) 5 I 787 A =B = ) Va1 (VA b - R 1 1
T, S K T AR BN 4.7 x 10 km® (9.7 x
10* km® 10.6 x 10* km? , J&38 T i Bl > .

2 RSk

21 FEREIR
(1) HZ LR RO A8 iR 55 4>

Gl 1961—2021 4535 H AU , Bl 1y 51 25
A A ) BRI, XA ) A LR P S A
& RES RN

(2) fER ke K LR 73 A o f ] NCEP/NCAR

PRAERYZS (A4S R 2. 5° x 2. 5O f A BRAK 55 T4y
Mrgekt;

(3) 5k JaBH | ek T8 | A2 B K SC ol 48 f Rt
WA g A Y K S S B Y K SRR 1T, Herb il
Y BE P31 o 1965—2021 48, Hi4yky 1961—2021
Ao i R E G 1 BTR
2.2 MRAE

SRR K 5 EURR i, 27 (5 N M O SC
BRI R G H SL(WMO) A f A8 A il 4
B 4 (ETCCDMI ) $E 35 1Y 27 > B o < M 45 4
(http ://eteedi. pacificclimate. org/list_27 _indices) H
TEI 8 AN s ¥k 7K 48 30, 7 e 0 BT T Y i A i e
IKAARRAE (£ 1) o Hor, \ LB ) e 2 7%
Bonsal 25 T4 W A4 % H /KB ( H K B

=1 mm) #FHFHED «,, %5, %5, .. 5, , e DNENT
5T x, IHERN
m —0.31
P= 7038 (1)

b, n Ry BRI

37°NA
36°NA
35°NA
34°NH
-3916 02040 80 120 160
— O . km
. 328
1] T T ) 1 | ] I
103°E 104°E 105°E 106°E 107°E 108°E 109°E 110°E

B ARSI SRERDH

Fig.1 Meteorological stations and hydrological stations in the Weihe River basin of China
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Tab.1 Definition of the extreme precipitation indices
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Tab.2 Characteristic value of extreme precipitation indices in different periods in the Weihe River basin

‘ B
i [i)
Rx1day/mm Rx5day/mm  SDII/(mm - d~') R10/d  R20/d  R50/d R95pTOT/mm R99pTOT/mm
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2001—2020 4F 53.74 87.23 8.45 17.31 6.63 0.70 148.50 51.25
1961—2020 4 50. 46 83.70 8.23 17.37 6.30 0.58 132.69 42.14
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Fig.2 Trends of extreme precipitation indices in the Weihe River basin



196

i

EE

41 % F2 M

Fig.3

mkZl
R
o 1
[mEC2R50
O Rx1day

A
3 WimbEK S HEANERNTK

Intra-year variation of extreme precipitation and extreme flood

@ N (p<0.05)

o BRI (p<0.1)

38°N
(a) Rx1day
37°N
56
36°N - 52
48
35°N - 44
5 40
34°N
33°N T T T T T T T
104°E 106°E 108°E 110°E
38°N
(c) SDII
37°N 4
9
36°N - 8.6
3.2
e 7.8
35°N 14 7.4
7
34°N
BN LY+—r—
104°E 106°E 108°E 110°E
38°N
(e) R20
37°N
3
7.2
36°N 1 6.4
o 5.6
35°N o 4 4.8
% .
34°N
33°N T T T T T T T
104°E 106°E 108°E 110°E
38°N
(2) R95pTOT
37°N
145
36°N - 130
15e 115
N 100
34°N 85
33°N T T T T T T T
104°E 106°E 108°E 110°E
4

Fig.4 Spatial distribution and variation trends of extreme precipitation indices in the Weihe River basin
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Fig.5 Wavelet analysis of extreme precipitation in the Weihe River basin
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Tab.3 Characteristic values of extreme flood indices

in different periods in the Weihe River basin
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Fig.7 Wavelet analysis of extreme precipitation in the Weihe River basin
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Evolution Characteristics of Extreme Precipitation and Flood
in the Weihe River Basin of China over Last 60 Years

LIU Jifeng, JIN Lijun, ZHANG Yongsheng

( Hydrological Bureau of Yellow River Conservancy Commission, Zhengzhou 450004, China)

Abstract; The Weihe River basin lies in the east of northwest China. It is a climate-sensitive and a fragile
ecological environment area. Extreme precipitations often cause floods, debris flows and other disasters in the
basin. Previous research mainly concerned about the regional runoff change caused by rainfall, but the change law
of extreme precipitation and flood remained unknown.

In this study, it collected meteorological and hydrological data of 1961 —2021, and eight extreme precipitation
indices and annual maximum flood peak flow records at four representative hydrological stations were selected for
statistical analysis. The method of percentile threshold, Kriging spatial interpolation, linear regression, and moving
average and wavelet analysis was used to analyze the evolution pattern of extreme precipitation and flood in the
Weihe River basin of China, the periodic change, and the extremity of precipitation and flooding in 2021.

The results show that; (1) In the past 60 years, while the total amount of exireme precipitation and the
frequency of rainstorm increased significantly, the intensity of extreme precipitation also increased, but the weak
precipitation events decreased in the Weihe River basin. Extreme floods generally showed a non-significant
reduction trend. Both extreme precipitation and flooding increased significantly after 2000. In particular, the total
amount of extreme precipitation and the rainstorm frequency were 12% ~22% higher than those of the annual
average, and the maximum value of each extreme precipitation index all appeared after 2000. (2) The distribution
of extreme precipitation and flood was not uniform within a year. The former was mainly concentrated in July and
August, while the latter was also frequent in September except for a period of late July to early August. (3) Each
extreme precipitation index showed an increasing distribution from upstream to downstream, and the extreme
precipitation in the south of the middle reaches of the basin was generally stronger than that in the north. The
extreme precipitation index of the most stations in the basin showed an increasing trend, and the significantly
increasing areas were in the Zhouzhi-Lintong section and Changwu-Ning. (4) There were multiple periodic changes
of extreme precipitation and flood, and the period of extreme flood changed significantly on interchronological scale.
(5) In 2021, the extreme precipitation intensity and rainfall days above heavy rain in the Weihe River basin had
been highest for the past 61 years. The Huaxian station recorded the largest flood since 2012. The largest flood was
observed at Xianyang station in September since the measured data in 1935. The research results can provide

reference for the prevention and control planning of flood and drought disasters in the Weihe River basin.

Key words; exireme precipitation; annual maximum flood peak flow; trend analysis; wavelet analysis;

spatiotemporal variation; the Weihe River basin
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