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Abstract
In this paper, based on the daily precipitation data of 687 stations in the upper reaches of the

WEF| A e, Ky IR K S AR AT )], HOEREL AT, 2022, 12(11): 1500-1518.
DOI: 10.12677/ag.2022.1211146


http://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2022.1211146
https://doi.org/10.12677/ag.2022.1211146
http://www.hanspub.org

AR e

Yangtze River from 1990 to 2020, the linear trend method and Mann-Kendall test were used to
analyze the temporal and spatial variation characteristics of total precipitation and precipitation
of different grades in this basin. The results show that: 1) In the past 31 years, the spatial distribu-
tion characteristics of precipitation, days and precipitation intensity of total precipitation and
precipitation classes except light rain in the upper reaches of the Yangtze River are basically the
same, showing a distribution pattern of high in southeast and low in northwest. The spatial dis-
tribution pattern of precipitation, number of days and intensity change trend of each grade had
great differences. 2) The temporal variation characteristics of total precipitation and different
grades of precipitation are as follows: the average annual precipitation and number of days of to-
tal precipitation and light rain in the upper reaches of the Yangtze River showed a significant
downward trend, the total precipitation intensity increased significantly, and the light rain preci-
pitation intensity decreased but not significantly. The average annual precipitation and days of
moderate rain showed a downward trend, but the precipitation failed to pass the 95% significance
test, and the average annual precipitation intensity showed a significant upward trend. The aver-
age annual precipitation, days and precipitation intensity of heavy rain and rainstorm increased,
but the change was not significant. 3) In the upper reaches of the Yangtze River, only the precipita-
tion of heavy rain and rainstorm, the number of precipitation days and precipitation intensity all
had abrupt changes.
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Figure 1. Spatial distribution of meteorological stations in the upper Yangtze River
1 WIIERXER SR =2
2.2. FIRIERA

AHFFEMCEE T 5K E P E SRR KT AR 687 AN S A5 1990~2020 4 1% H B /K SEill BEk) .
FH Cressman B %, Kt 7 X AU Ei s 22 24 M BT I 0.1° x 0.1° 4% . SRTM_DEM 90
m 7 HE AR A A B R T B A (A s B .

23. W5AE

AW FMARE K 24 h BEKZE LRI bR (GBIT28592-2012), ¥ H /K& A 4 Mgk, Hh: /Nl
NOomm< HFEKE <10mm, FRA 10 mm < HFFEKE <25 mm, KWA25 mm< HFEKE <50 mm,
WA S0mm< HEEKE, HFKEBET 0.1 mm [# HECNREK B BKTTR®ES =R /Ry, » F: R
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R A6 P A AR I X E A T B3 R G
t- i ©)
(n =18 +(n, -1)s; 11
n+n,-2 n n,

KPS EtMEBERY =0 +n, -2, ARSI XAy, n, ny HEFEAR, X, v AHFEAY
1, s2 Fls2 AWAS MK 7 22 . JEABE HO: REAIIMARSSE, JUW t Gt EIAD, HiE BBtk F a=
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3. ARER

3.1. KII bR PR INA R FREKEHRN B S HE

3.11. BEKEMTEFRMEKENZETT

MFE LRIEE 2 HpE A, O 31 AEIX I 2 AP K R L0 1071 mm, A RISEG K BN 2 4
PRI KRR, B 173 mm, (HAERKER 16.17%, /NS E T EOK R RO, 5L 359 mm, L4
Rk ) 33.48%. HR 24 T K EZ18 310 mm, TTRkE N 28.95% Ll K R DTk 21.40% 2 7, 1K
W ZAE P RRKEZN 229 mm.

Table 1. Multiyear average of the days, amount and intensity of the different grades of precipitation in the upper Yangtze
River from 1990 to 2020

= 1. 1990~2020 FT Lt X A EIFRMEK S FEFHMRKE . K BRMEKRE

[ ISYEIN /N R KF e
Z AT B K B /mm 1071.48 358.79 310.18 229.30 173.22
Z PR 0 #ud 174 145 20 7 2
LA KGR Imm d 6.21 2.48 15.46 34.07 74.62

Table 2. The contribution of different grades of precipitation to annual precipitation in the upper Yangtze River from 1990 to
2020

= 2. 1990~2020 F1T ittt X R EF K fEk S X F K 2RI TTEk

[ 7K S5 2% /NTR SIS PN W
BT AR FROK E 2 L% 33.48 28.95 21.40 16.17

KT EJH X 1990~2020 4F %3k sUAE 3 PRk B S R 4 A & 2 s, SRR s AR /N W A0 552 1%
IR K B R AR BRI R, PHALE NI A AR AE . SR /K ARS8 K S i KA IS 1870 mm, KRN
R 500 mm, BN O EE I 610 mm, AL T AR ) TEHLX, R AERE K R RE X A S
R AARABL, H PR B KAE R 540 mm 47 T AP, AN AERIRE K E R EM L 5 A EA
K, HFEHERN.
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Figure 2. Spatial distributions of multiyear averaged precipitation of (a) total precipitation, (b) light rain, (c) moderate rain,
(d) heavy rain, and (e) rainstorm in the upper Yangtze River from 1990 to 2020 (Units: mm)
2.1990~2020 F4CIT EifiFih X (a) EBEIK. (b) /ML () FF. (d) KW, () RRHNFEFHEKETE . (B

fL: mm)
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Table 3. The contribution of different grades of days to annual precipitation days in the upper Yangtze River from 1990 to
2020
= 3.1990~2020 F4CIT Eiffth X AR R 7k B Bkt 4 7k B a9 sk
R 7K S 4% /INFR T K FW
BT 3 5 K E ) EL /% 83.26 11.54 3.87 1.33

MR B AR RIAN ) S8 20 3 7 PR Bk 7K I B 18] 93 Afs B el (14 3), B H 0 2 8] 0 A1 B A S B0 2R 7 40
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Figure 3. Spatial distributions of multiyear averaged days of (a) total precipitation, (b) light rain, (c) moderate rain, (d)
heavy rain, and (e) rainstorm in the upper Yangtze River from 1990 to 2020 (Units: d)

3.1990~2020 &I LifsihX (a) 2FEK. (b) IFL (¢) . (d) K. () RMMETFHMEKBHEZHE (&R
fiL: d)
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W 4 FroR, QUL b e 5 7K i P RUAS [F) 45 20 P K 5 2 25 (8] 43 A RRAE 5 Pk E AN K H 28— 3, 2
BUZREEHON,  PEALES /N FL b AR 1 1) P AL I T ek R ARF o B/ MBS IR PE AL, e R K R B 7K i B K
EXERTERR S, NI IIRAE X 73 A0 76 A Fa i AN P R S p A 00 B, AT K R R 2 1 KA X 3 el 2
J7, BRI AR AN . 5 R I B8 2 T 3 AT ARG R, S B K /N R E DY 1 e 0 5 A 8 e
K H B %, ok NLAE B 7K G 2 18] 40 A _EAE RN 2% 1 Al 4, B /K 245 P 1 Bk 38 5 N 6.21 mm/d,
ANFT R KT B Y 2 A T3 Bk R BB O, /INRE 2 AR R BEE  2.48 mm/d, TR RN
i 74.62 mm/d.
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Figure 4. Spatial distributions of multiyear averaged intensity of (a) total precipitation, (b) light rain, (c) moderate rain, (d)
heavy rain, and (e) rainstorm in the upper Yangtze River from 1990 to 2020 (Units: mm/d)
[&] 4. 1990~2020 F4T EifistthX (a) EFEK. (b) /NFE. (€) F/. (d) KW, () BMHFETLIEKEBETE MR
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Figure 5. Temporal variations of annual precipitation of (a) total precipitation, (b) light rain, (c) moderate rain, (d) heavy
rain, and (e) rainstorm in the upper Yangtze River from 1990 to 2020. The folded line is the mean annual precipitation, the
dashed line is the linear trend, and the dotted line is the interdecadal mean (Units: mm/a)
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Table 4. Variation trends of days and amount of precipitation and precipitation intensity with different grades in the upper

Yangtze River from 1990 to 2020
= 4.1990~2020 T B A RFR KK E . BEFRERETLiES

B 7K A5 2% SRR /R T KN e ]

SRR ER S /mma -3.380" —4.289" -0.679 0.633 0.954
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HEBR KSR A% /mm-d a ! 0.044" -0.001 0.008" 0.005 0.021
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Figure 6. Spatial distributions of trends in annual precipitation of (a) total precipitation, (b) light rain, (c) moderate rain, (d)

heavy rain, and (e) rainstorm in the upper Yangtze River from 1990 to 2020 (Units: mm/a)
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Figure 7. Temporal variations of annual precipitation days of (a) total precipitation, (b) light rain, (c) moderate rain, (d)
heavy rain, and () rainstorm in the upper Yangtze River from 1990 to 2020 (Units: d/a)
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Figure 8. Interannual trend of annual precipitation days of (a) total precipitation, (b) light rain (c) moderate rain, (d) heavy
rain, and (e) rainstorm in the upper Yangtze River from 1990 to 2020 (Units: d/a)
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Figure 9. Temporal variations of annual precipitation intensity of (a) total precipitation, (b) light rain, (c) moderate rain, (d)
heavy rain, and () rainstorm in the upper Yangtze River from 1990 to 2020 (Units: mm/d-a)
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Figure 10. Interannual trend of annual precipitation intensity of (a) total precipitation, (b) light rain, (c) moderate rain, (d)
heavy rain, and (e) rainstorm in the upper Yangtze River from 1990 to 2020 (Units: mm/d-a)
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Figure 11. M-K test variation of annual precipitation of (a) total precipitation, (b) light rain, (c) moderate rain, (d) heavy rain,
and (e) rainstorm in the upper Yangtze river from 1990 to 2020. The blue solid line represents UF curve, the red dashed line
represents UB curve, the black dashed line represents 0 statistic, and the black dotted line represents 0.05 significance level
[E 11. 1990~2020 FACT EifftiX (a) 2FE7K. (b) /IFEL () R, (d) K. () RFMIMFEFHMEKE MK 1838
EES%RN UF thik, EEL%ER UB ik, RRELERRGITEAN0, BESL%FRN0.05 BEMKFE

Table 5. Summary of M-K test variation of precipitation events with different grades in the upper Yangtze River from 1990
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Figure 12. M-K test variation of annual precipitation days of (a) total precipitation, (b) light rain, (c) moderate rain, (d)
heavy rain, and (e) rainstorm in the upper Yangtze River from 1990 to 2020.The blue solid line represents UF curve, the red
dashed line represents UB curve, the black dashed line represents 0 statistic, and the black dotted line represents 0.05 signi-
ficance level
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Figure 13. M-K test variation of annual precipitation intensity of (a) total precipitation, (b) light rain, (c) moderate rain, (d)
heavy rain, and (e) rainstorm in the upper Yangtze River from 1990 to 2020. The blue solid line represents UF curve, the red
dashed line represents UB curve, the black dashed line represents 0 statistic, and the black dotted line represents 0.05 signi-
ficance level
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