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Abstract

To study the impact of extreme precipitation on the upper Yangtze River region, the day-by-day
precipitation data from 687 meteorological stations in the Yangtze River basin area from 1990 to
2020 provided by the China Meteorological Science Data Sharing Service Network were used, and
linear regression analysis, Mann-Kendall trend test, sliding t-test, and wavelet analysis were used
to conduct the annual and summer extreme precipitation. The results show that 1) the distribu-
tion characteristics of annual and summer extreme precipitation indices are similar in the past 31
years, and the continuous dry period (CDD) shows an overall decreasing trend from northwest to
southeast, and the distribution of precipitation intensity (SDII), intense precipitation (R95p), and
wet daily precipitation (PRCPTOT) are more consistent, and the overall shows an increasing trend
from northwest to southeast. Both the annual and summer extreme precipitation index distribu-
tion characteristics indicate a more severe drought situation in the western part of Qinghai Tuo-
tuo River. 2) The results of the annual trend of extreme precipitation index show that the duration
of continuous precipitation events in the upper reaches of the Yangtze River has been shortened,
implying that the precipitation process in the upper reaches of the Yangtze River is dominated by
precipitation patterns of shorter duration. 31a the increasing trend of extreme precipitation in the
northern areas of the upper reaches of the Yangtze River is more significant than that in the
southern areas, while the summer trend map finds the most obvious increasing trend of extreme
precipitation in the eastern areas. 3) In terms of temporal changes, the linear trends of both an-
nual and summer extreme precipitation indices in the upper Yangtze River region in the last 31
years show that PRCPTOT has a decreasing trend, CDD and SDII have an increasing trend, and
R95p behaves differently on annual and summer, with summer R95p showing a decreasing trend
and annual R95p the opposite, and all indices pass the significance level of 0.1. 4) The annual sig-
nificance cycle of extreme precipitation indices in the upper Yangtze River is 2~4 years, and the
summer significance cycle is 2~3 years. R95p occurred mainly in 2015.

Keywords

Extreme Precipitation, Spatial and Temporal Changes, Trends, Upper Yangtze River

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 53|

KT X R B YB3, R (e 4 20 T T 2 80 R B ) 25 /I U X A R R B TT % 1 8
KIR[1]. (EAERBREM RS BT, WmRA. SBRBEMMEE IOl ERRGM A o4 iR E
KEUMA[2]. A 2 A A K A A5 R0 W R Ak e RSy T B, T S 1 P TR

DOI: 10.12677/0jns.2023.115099 831 e


https://doi.org/10.12677/ojns.2023.115099
http://creativecommons.org/licenses/by/4.0/

FHA 7

PEo Blln, R oK 51 R BT T2, S RAEYI AR bR SR M 2. KIT R X AR
r ] A X 2, W B KRR 5 o AR o [RIE,  A3BTRVE b I AR A AK FR I AR A
RHE, XU, B A B .

WAk, AN A T KILRIERE AKRHIEREAT T R B 7. 225 R 1961~2016 43t 56a i [ FEK
GORLR I KD IR DTk K KR Z . R /N3] F8) 55 A 1961~2017 FK LI
700 AN G 5 B 7K TR 2 AT RV X 38 3R g B 7K PR R 25 70 A R AAE R0 23 ] B K G B DR &R, I 1980
fER 1990 FAKIT B AT R4 A, 2000 LASK BACH S X DL R AR O 32, M E R K
ZINE, ZHhE TR ) 2 R R K [4): A S RIS e R AR A T R Ui b X B K TR
H A X AT T[], BRT, KT KIDHRE KT 7 £ e p PRI Pt X,  Edhx
FEE A OREATHF7T[6], FA BRI L b X ORI A F e /. FF Bl AT B
T b X P AR i 5 7K ) 25 ) A1 LA B AW ot e 7K ) i 5 1 R A8 it (ORI 90 e, KT B it [X 7E A BR AR B 1)
RN, KRS MR, AT Bt X 2 2= K & 5 E K B 70%~80%. A< iz I A] REEFT
28 RE M 73, AR B XN, 3T 1990~2020 4EKIT B X 935 H KR, B K
VL B X 31 AR AR FVRFAE 2515 5 ZR Wi ity B /K PR RTS8 AR, R WL 77 ARV I I X AR o o 7K 1) 25 1)
OIATRE 5 B I TR AR Ak, ST it X (B 9 U ok A E R
2. FINEFHE
2.1. BUE¥KiR

AW IX KA _ERFHIX AT 90°E~112°E. 36°N~24°N 2 [f], KIT EipbX A 455 . v, Ui,
=P HRFACSE 6 AT . R A E SRR R 3 S RS B AL 1990~2020 AR VT it X 687
ANE Gk SR H MR, HA G SRR A E 1 R BTG s R A B AARAE,  EOULI A IR AT
A—segEah ok, BETORA T RIS SN — PRI 0 7R [7], ERTHEEZ S FE T T, ERUE R
T G FH )k R R R R e R, R el s B AT — SO A 50 Ao B

Tk ‘

93°E 96°E 99°E 102°E 105°E 108°E 111°E

Figure 1. Distribution of meteorological stations in the upper reaches
of the Yangtze River
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Figure 2. Spatial distribution map of four extreme precipitation indices in the upper reaches
of the Yangtze River from 1990~2020
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Figure 3. Spatial distribution of four extreme precipitation index trends in the upper reaches of the
Yangtze River from 1990~2020
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Figure 4. Time series of four extreme precipitation indices in the upper reaches of the
Yangtze River from 1990~2020
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Figure 5. Wavelet analysis of four extreme precipitation indices in the
upper reaches of the Yangtze River in 1990~2020
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Figure 6. M-K mutation test of four extreme precipitation indices in the upper reaches of the Yangtze

River from 1990~2020
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Figure 7. M-K mutation test of four extreme precipitation indices in the upper reaches of the Yangtze

River from 1990~2020
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Table 2. M-K test and sliding T test results of four extreme precipitation indices in the upper reaches of the Yangtze River

from 1990~2020
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Figure 8. Spatial distribution map of four extreme precipitation indices
in the upper reaches of the Yangtze River in the summer of 1990~2020

8. 1iT EifF 1990~2020 FE B == 4 MRimbEKIE A ZIE 97 &

DOI: 10.12677/0jns.2023.115099 837

SRS


https://doi.org/10.12677/ojns.2023.115099

FHA 7

KT R0 5 ZE e BB 2 A& A A an i 15 9 B, & o Bk Fe 4 2 8 ni& 9%, PRCPTOT
FERIT e X 38 ka3 N A 55, T 31a KT Bz dth X 5 ZR /K A (/K38 2 /77 [ K, CDD 4841
HiUNg BT, AT, FiESHAE 2 SDII. R95p. PRCPTOT i £ &% EJH#&%, PRCPTOT
TEREANKAT R b X B A 5 B35 b T34, 31a B 2R KT b A 350 DX (14 AW oty o 7K 385 o e 35 I A o I I

SDIl/mm-(d-a)’

- : 4
90°E 95°E 100°E ~ 105°E 110°E 90°E 95°E 100°E 105°E 110°E

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 02 024 028 032 0.36
(@) (b)
R95p/mm-a’* PRCPTOT/mm-a’

36°N s . - F—/.‘ Sy v’j E::' o SU_S

T !
90°E 95°E 100°E 105°E

0 0.08 0.16 0.é4 0.32 0.4 0.48 2 25 3 3.5 4 4.5 5 55
© (d

Figure 9. Spatial change trend map of four extreme precipitation indices in the upper reaches of the
Yangtze River in the summer of 1990~2020
9. T LiF 1990~2020 B = 4 MRumFEKIEH T EHE

MRHEAIT B IX %50k 1990~2020 38 H B /K &, SRS & Wm K fa B0E 4 2 2= 34, wE
10 iR, M BARFRINE M HRE, I 31a KT B X B ZEMm s B BN AR5, Weshiek,
CDD {4 £ W& LT, LEEZF CDD N 4.2~8.8 d, JLLk k%4 0.844 d/(10a); SDII Ny
T, ZHEEFEF SDIE A 10.2~16.0 mm/d, L ME#%A A 0.905 mm/(d-10a); R95p 1A L ik
#, ZFEEZT R5p H N 35.4~41.6 mm, HZMEHH~0.612 mm/(10a); PRCPTOT {H 2i/N&ss,
ZHEH 2714 PRCPTOT {24 130~225 mm, M2k ka4 h—7.370 mm/(10a). b AT fham B /K Fig £ i@
it BAEE N 90% ) i 5 A 5

4.2. BEREMS

ot B 25 22 457 2 DU S FE 20 53 ) Morlet 7Nk BRBGEAT /N0 #, 0l 11 Fras; CDD B
JE By 2~3 4E N 3~4 4F; SDII 7E 1994~1997 4EF1 2013~2020 4%t W 35 N BE T §5 (1) 2~3 4FE A1 2~4 4F ]
#: RO5p M EMEE WA 2~3 4EF1 2~5 4, PRCPTOT M EMEEFRAAL E W 2~5 £ 41 2~3 4E.

DOI: 10.12677/0jns.2023.115099 838 P


https://doi.org/10.12677/ojns.2023.115099

EESz

CDD/d

R95p/mm

9.0
y=0.0844x-163.116 ]\
8.0 R’=0.5256 /
70 s
lE
1 E
6.0 | / , V La
X \A / /\l a
5.0 - S/\/ r
|
4.0 T T T
1990 1995 2000 2005 2010 2015 2020
Time
@)
42.0
41.0 \/7‘ \ =
400 | /\/7
\ 1 r £
\ g
39.0 [
N | B
s
38.0 | | %
\N / 2
\ &
37.0
y=-0.0612x+161.439 \ |
36.0 - R®=0.1249 V r
35.0 T T T
1990 1995 2000 2005 2010 2015 2020
Time
©

240

220

180

160

y=0.0905x-169.274

i

T
1990 1995 2000 2005 2010 2015 2020

|
/\/\/\/ /M\Y//\A\ /\/

R?=0.4842

Time
(b)

y=-0.737x+1651.85
R®-0.1366

140 | y L
120 T
1990 1995 2000 2005 2010 2015 2020
Time
@

Figure 10. The time series of four extreme precipitation indices in the upper
reaches of the Yangtze River in the summer of 1990~2020

B 10. T LifF 1990~2020 SF B 4 MR imFEK & BAIEE] 751

~

i PU—
w4
4 '
o 84
E
16 16
1995 2000 2005 2010 2015 0.0 0.5 1.0
i HEC )
(a) EZECDD/JKEERIL (b) EZECDD/NEIE
7T
é\_ 24 21
w4 N “eee
4 Sm———
i.% 8 8
16 : - - S! - 16 -
1995 2000 2005 2010 2015 1 2
S0 HhE( 62)

(c) EZESDII/JEEERIE

(d) EZSDII/NE

g
=
®
=
&
1995 2000 2005 2010
13

(e) EZR9Sp/IVEAERIE

2 4 6
HEC )
(F) EZR5p/EIL

&
Ll
14
=
=
16 v T T T
1995 2000 2005 2010
1

(g) EZEPRCPTOT/NEAERY

2015

ZKI)O 460 660
hE(° ¢2)
(h) EZEPRCPTOT/NEiE
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reaches of the Yangtze River in the summer of 1990~2020
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Figure 12. M-K mutation test of four extreme precipitation indices in the upper reaches of the Yangtze River
in the summer of 1990~2020, (a) summer CDD value mutation test
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Figure 13. Sliding T test of four extreme precipitation indices in the upper reaches of the Yangtze River in
the summer of 1990~2020
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Table 3. M-K test and sliding T test results of four extreme precipitation indices in
the summer of 1990~2020 in the upper reaches of the Yangtze River
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