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Abstract

Based on the precipitation data in flood season (May~September) of 7 meteorological observation
stations in Tacheng area of Xinjiang in recent 64 years (1960~2023), and 11 extreme precipitation
indexes recommended by the World Meteorological Organization, the Mutation of each extreme
precipitation index series in Tacheng area and three climate zones were discussed by Mann-Kendall
Mutation test method, and the Mutation time was determined. The results show that: (1) The ex-
treme precipitation index series in flood season in Tacheng area in recent 64 years basically
changed from less to more from the early or middle 1960s to the early or late 1970s, and from the
middle or late 1980s to the middle or late 21st century, among which RXDay, RXDay, R10, R20, R99P
and PRCPFOT series changed from the early or middle 1970s to the early or middle 1980s. From the
early 1970s to the late 1970s, SDII and R50 sequences, CDD and CWD sequences from the early
1960s to the mid-1960s, and R95P sequences from the mid-1970s to the early 1980s, and from the
early 1980s to the early 1990s, all experienced mutations from more to less. Except for CDD and
CWD sequences, the mutation points of other extreme precipitation indexes are different. (2) The
RX1day, CWD, R99P, R50 and R99P sequences in the basin are from the early 1960s to the middle
(end), from the late 1970s to the early 21st century, and the RX5day, SDII, PRCPFOT, R10, R20 and
R95P sequences are from the early 1960s to the early 1970s and 1980s. The RXDay and R20 se-
quences in the basin are from the early 1970s to the mid-1970s, the RXDay, SDII, R50 and PRCPFOT
sequences are from the early 1970s to the early 1980s, the R10 and R95P sequences are from the
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early 1970s to the early 1990s, the CDD sequences are from the early 1960s to the mid-1960s, and
the CWD and R99P sequences are from the late 1960s. Except for R50, CDD and CWD sequences, the
mutation points of other extreme precipitation indexes are different. 3) The southern RX1day,
RX5day, SDII, R10, R20, CDD, CWD, R95P, R99P and PRCPFOT sequences are in the middle of 1960s
to the early (middle) 1970s, RX1day and R20 sequences are in the early (middle) 1980s to the late,
and RX1day sequences are in the late 1990s to the early 21st century. From the early 1980s to the
end of 1990s, CWD sequences, RX5day and R20 sequences, R10, R95P, R99P and PRCPFOT sequences
have undergone from few to many mutations in the early 1980s to the middle or end of the 21st
century. RX5day, R50, CDD and PRCPFOT sequences in the early or middle 1960s to the early or late
1970s, RX1day, SDII, R10, R20, R95P, R99P, CDD and CWD sequences in the middle or early 1970s
to the early or middle 1980s, and RX1day and RX5day sequences in the early or late 1980s. Except
for the R50 sequence, there is no mutation point, and the other extreme precipitation index muta-
tion points are different. (4) The sequence of RX1day, CDD, R10, R20, R50 and CWD in the middle of
the 1960s to the early or late 1970s, RX5day and SDII sequences from the early 1960s to the early
1980s, CDD, R99P and R99P sequences from the early 1970s to the early 1980s, RX1day and R95P
sequences from the early or middle 1970s to the early 21st century, R10 sequences from the early
1990s to the early 2000s, RX5day, SDII and CDD sequences from the early 1990s. CWD sequence
changed from less to more in the mid-1960s to the mid-1970s and from the early 1980s to the late
1990s. The sequences of R10, CDD, CWD, R95P, R99P and PRCPFOT in the middle are from the early
or late 1960s to the early 1970s, RX5day, SDII and CDD are from the early 1980s to the early 1990s,
R99P and PRCPFOT are from the early 1980s to the late 21st century, and R10 is from the early
2000s to the early 21st century. Except for R10, R50 and CWD sequences, the mutation points of
other extreme precipitation indexes are different.
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Figure 1. (a)~(k) Analysis of M-K sudden change of extreme precipitation index in flood season in Tacheng area
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Figure 2. (a)~(k) Analysis of M-K sudden change of extreme precipitation index in flood season in Tacheng basin
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Figure 3. (a)~(k) Analysis of M-K sudden change of extreme precipitation index in flood season in southern part of the region

& 3. (a)~(k) b X FE SR HAR imBE Kk 35 3 M-K RS #h

DOI:

10.12677/ccrl.2025.146145

1460

SRR TR AR


https://doi.org/10.12677/ccrl.2025.146145

Frarer &

H P 3(a)~(k)mT %0, HIX R FE20h RX1day [P I7E 1960 FARHIHE 1970 SEARHIHA. 1980 4EAR
HIEIZR AR 1990 FFARKIAR 21 WKL A T D BIZ RS, 1970 FAHHIZ 1980 FRHTH.
1980 AR IR 1990 AR HIARA T HZ 2/ DR RAE, R4 UF. UB 42 i &, wlLLAfE 1982
fEL 2019 FNRAR A RXSday JPHITE 1960 FEARHHIE 1970 FEARHIH. 1980 SEARHIHASE 1990 AEARAK A
21 HLWERIAERIAR A T R RIZ RS, 1970 FAAHIHAZE 1980 FALHIHA. 1990 FAKYIZE 21
SHIFENIIRAE T HZ 2D RAS, 5 UF. UB #2648 SRIALE, AT AfE 1985 4F. 2019 G5 1

HuIX FE R L 45 5 h SDIT R HIAE 1960 AR H A 1970 4EARAIHA. 1980 SEARHWIHAZE 1990 £ AR A
KA T HADBIZMTAE, 1970 FARYIAE 1980 FRYIRAE T HEZRDRA, 4 UF. UB fhigkse
SIIALE, TTLARAE 1987 4E. 1999 4EN5AE f; R10 FEHIE 1960 A FIAZE 1970 W), 1980 4F
A IAE 21 HLWIER KL T HADBIZHI5AE, 1970 AR HIE 1980 ERYIMIE AL T 2 B H%
A%, AR UF. UB BHZRAS s A B, 7l AR 2000 4E. 2012 4. 2016 FARAE ;. R20 JFHI7E 1960 4
RAFHAZE 1970 FACHIH . 1980 FEEF IR AW 21 L WIE R AR R R AT DB 2 [ 2RAE ., 1970
AR 1980 FARYIAKR A T HZ BT, 4E UF. UB 2 fiAiE, v LAfSE 2016 4224
RAZ 1 RS0 JFHITE 1960 ARV PR AT 2 B/ RAE, 2 J5FE % 0.05 BEMHEAKCPRIE LU,
UF. UB & A s, R A CDD JFAILE 1960 EAYIHAE I, 1970 A A 1980 A HIH K
Ao i 22 2D B R L 1960 AT 2 1970 AR IR AR /b 3 2 187, 1980 AR IS FE 22 0.05
BRI LA, 4 UF. UB M2 s RIALE, wTRAE 1963 4F. 1969 5. 1973 - RRAL £
CWD FHI7E 1960 FACHHIZE 1970 EACH . 1980 FEARHIMIE 1990 FACAK M KR A= id th /b B £ (547,
1970 SEACH I 1980 EARHIIL 1990 EACK I A 2021 4K L £ #0948, 4% UF. UB Hh&s2
HIALE, FTLLRAE 2011 4E. 2017 SFNRAT H .

HUIX FE AR XHE R RSP FAILE 1960 FACHHAZ 1970 I, 1980 FACHIIAZE 21 Ly E R M
KA RN ZHRAR, 1970 FARPIIAZE 1980 FARBIH K E i 2 2RI, MRS UF. UB #iZse i
N E, FTLAE 1967 4F. 1973 4F. 2019 - NRAE AL RIIP JFHILE 1960 FARHIH A 1970 -ARHTI .
1980 “EARYIHIZ 21 tHWIAER IR A T /DB 2 9, 1970 FEARYIHIE 1980 EARVIIKR A T £ 2
DHIRAZ, KRG UF. UB MiZR2C siifi &, vl DARfE 1967 4F. 1973 4. 2019 448 5, PRCPFOT 7
HILE 1960 FFACHIAZE 1970 FACHII. 1980 FEARATIA A 21 HAWIFERMKRAE T HADBIZ IR, 1970 FF48
WIZE AR IARAE T 2 B4R, HR4E UF. UB IZR28 SR B, W LAFHE 1986 4. 2019 FE T4 .

3) X A R A o B /K i B MK RAR 3

] 4(a)~(k)RT A, HX H B FE 20 RX 1day JFHITE 1960 FEARBTHI R AR 1970 FEAAHHIE 21
HLYIEYIIAR A T 2 2D MRAE, 21 HEYIFEYIIIE R AT DR 2 R, 145 UF. UB
AT IS E, ATLARSE 1975 4F. 2012 4. 2021 SR AR 4 RXSday FPAITE 1960 SEARPIHAZ 1980 4
RATHA. 1990 FEARYIHAZR 21 HEWIFEH IR A T B2 B0 RS, 1980 FARHIHAZ 1990 FFERYIH. 21
HOVIFENIAE R IR A T HADRZMRAE, BYE UF. UB IiZA2 S E, mTCAAfE 1972 4. 2013
L2021 FNTA N

H X AL X 80 SDIT P AIFE 1960 FEARKWIHAAS 1980 FEARKIHA. 1990 SEARHIHAZE 21 e ylFEH A
KA T HZRDITRA, 1980 FAFIHZE 1990 FAAVIIAKE T HDBIZHRAE, 1Y UF. UB M4 sl
MIRLE, TICAREE 1972 4. 2013 FARAE A R10 FHILE 1960 FEARPIIAE 1970 4CHIHA. 2000 FALH]
W% 21 HAWIEAR IR T DRI Z I 5AE, 1970 SEARBTHAZ R 1990 FARHIHAZR 2000 AT 4
THZEDRRAR, 45 UF. UB 24 A &, v B 2013 4F, 2021 AR /T R20 [T FIAE 1960
SEARFHAZE 1970 AR R AT 2 B 1)%AE, {H UF. UB BZRTEAC A, RS RS0 JFFITE 1960

DOI: 10.12677/ccrl.2025.146145 1461 SR TR


https://doi.org/10.12677/ccrl.2025.146145

Frarer &

MKZeit &
|

MKGEit &
|

FEARYIEAR 1970 FAHIHIBE D, R 0.05 BEMWAKFRILLT, UF. UB M, TERAL
CDD JFHIAE 1960 FARKIHIZ A 1970 FACHIHIZE 1980 FACHIHA. 1990 FEARYIIAZE 21 Ay FRIAK
At 2 BB RAE, 1960 FFEAKRIAZE 1970 KT 1980 FEARHIIHZ 1990 FAHI I A& A= it /b 31 2
FIZRAE, M4l UF. UB BHZRASARIAI B, ALUISE 2019 4E. 2021 N4 ; CWD FEHILE 1960 FAL
WIAEAIA. 1970 FAVIHE AR BT th 2 2D R RS 1960 FAKIAE 1970 FAHIIA K Al />
FIZI5RAE, 1980 FACKIAZ JERFEE R Z 0.05 & MK AL LT, UF. UB HIZE A 5, TERAE

X A AR R £ RX 1 day [FAITE 1960 FARHIHAZE AR I 1970 FARHHEAZ 21 HLWIFEWIIA K 4
THZ DR, 21 LYFEYIHERIRAE T HDRZ KR, RSP FHIE 1960 FAHIHZE 1970
AP 21 AW R R AR /D B 2 98, 1970 ERATIIE 21 tHZEWIERIH R A= i
ZF/DH A, MR UF, UB MIZA8 s &, LA 1963 4F. 1972 4. 2011 4F; R99P JFFI7E 1960
SERPIEIE 1970 FARHIHAL 1980 FFARHIHIR 21 L WIER IR AE T BB Z HIRAE, 1970 FARVIH R
1980 FARHIHI R A T HZ B/ ZR48, 4% UF. UB #h£R<C s RIALE, ATLARSE 1963 4F. 1973 4E. 2011
A 5, PRCPFOT JFHI7E 1960 SEACHIHA 1970 FEACHI . 1980 SRR A 21 W R IR 4
THABIZHRAE, 1970 FARBIIAZ 1980 FAVIA KA T HZ BT, WA UF. UB A A1
frE, A LARGRE 2009 SRR S

L L . L L 1 L 1 L 1 L L
-3
1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
i3 i

(a) RX1day H1#6 (b) RX5day H3#8

...... 2 e e e

1 1 1 1 1 1 2.5 1 1 ! 1 1 1
1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
F F

(c) SDII H1&B (d) R10 1B

DOI: 10.12677/ccrl.2025.146145 1462 SR TR


https://doi.org/10.12677/ccrl.2025.146145

—uF
---uB
---a<0.05

MKGeit 2

B S - - - a<0. 051

-4 L 1 10 Il 1 1 L 1 L
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
Ei F
N N
(e) R20 (f) R50 H130
4 T T T T T 4 T T T T T T
—uF

, - - -u
A ---a<0.05

MKZEit &

Y PPREREPEE SETEFEPEES EETEFEP TR EEFEPEEEPEE FEP coleceooo o P —4 L L L L L L
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
4 Fip
N
(h) CWD 8
—UF
- - -uB
1.5 - - - a<0. 05 1.5 |- - - a<0. 050

MKZeit &

1960 1970 1980 1990 2000 2010 2020 _13‘760 1970 1980 1990 2000 2010 2020
F45 Fi
(i) ROSP H13f () R99P H1h
DOI: 10.12677/ccrl.2025.146145 1463 SR TR


https://doi.org/10.12677/ccrl.2025.146145

Frarer &

2.5 1 1 I 1 ! LN
1960 1970 1980 1990 2000 2010 2020
Ft

(k) PRCPFOT "

Figure 4. (a)~(k) Analysis of M-K sudden change of extreme precipitation index in flood season in central part of the region
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