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Abstract

Based on the annual precipitation data and precipitation data in flood season (May-September) of
seven meteorological stations in Tacheng region of Xinjiang Province in recent 62 years (1960~
2021), the statistical characteristics and spatial-temporal variation characteristics of climate were
discussed, and the correlation between them was analyzed. The results showed that: 1) The aver-
age annual precipitation in Tacheng area was 234.8 mm in recent 62a, and the average precipita-
tion in flood season was 120.1 mm. The spatial distribution showed a gradual decrease from north
to south, but the spatial distribution was different among the stations. 2) The maximum annual
precipitation is 406.5 mm, and the maximum precipitation in flood season is 208.2 mm, both of
which occur in 2016. The years with more precipitation in flood season also have more annual
precipitation. 3) The inter-annual fluctuation of annual precipitation and flood season precipita-
tion was large, and the main theme was less. The regression analysis showed that the annual pre-
cipitation did not increase significantly at the rate of 7.49 mm/10a (failed to pass the significance
level test), and the annual precipitation of the seven stations showed an increasing trend. Among
them, Yumin, Wusu and Shawan increased significantly at the rate of 12.03 mm/10a, 9.51 mm/10a
and 7.12 mm/10a respectively (passed the significance level test of 0.05), and only the southern
part of the region increased significantly at the rate of 8.32 mm/10a (passed the significance level
test of 0.05). The basin and the middle part showed no significant increasing trend. The precipita-
tion in flood season did not increase significantly at the rate of 0.12 mm/10a, and all stations
showed no significant increasing trend. In the region, the central part of the precipitation in-
creased the most, followed by Tacheng Basin, and the southern part was the least. 4) The standard
deviations of annual precipitation and flood season precipitation are 53.7 and 32.9, respectively.
The spatial distribution of each station is different. The standard deviations of annual precipita-
tion and flood season precipitation in the central basin are the largest, followed by the southern
part and the central part. 5) The annual precipitation variability and the precipitation variability
in flood season are 0.16 and 0.23, respectively. The annual precipitation variability is the largest
in the central part of the region, followed by the southern part, and the lowest in the basin. 6) The
annual precipitation, flood season precipitation, precipitation at each station and the three re-
gions showed moderate variability in Tacheng region. 7) The annual precipitation experienced an
alternate evolution of “much-less-much-much-much-much-much-much-much-much-much-much”,
and the precipitation in flood season experienced an alternate evolution of “much-less-much-
much-less-much”, with the highest annual precipitation in the early 21st century and the lowest in
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the 1970s. 8) The annual precipitation series had obvious abrupt changes from more to less and
from less to more in the mid-late 1960s, the late 1980s, the late 1990s to the early 2000s, and
the abrupt change point was 1996. The flood season precipitation series had obvious abrupt
changes from more to less and from less to more in the mid-1970s and early 21st century, and
1993 was the abrupt point. 9) The annual precipitation of Tacheng region, stations and regions
is positively correlated with the precipitation in flood season (passing the significance level test
of 0.01), that is, the years with more annual precipitation will also have more precipitation in
flood season.
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s FEEEBR M LK EE TR A FK 2 S5 I0bn e, IEERTRORIEKE, SR RoR kD

22. B

BN ZEIR R, SR — e [R5 AR I 62a B IX 7 sl B AR R TR B 2 i ] e 51 2k
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B K ST K AL 3 S AR kAR, SR F RSG50 FL R P ) R HEAT B 2 MEAR G, 48— DA
FMEIKCTEE] 0.05 MEE AR I8 A0 bRiE s TSR TT DR A ) A S R M RISRI n /NI Z20 (58 ) 1 22 3R
A5 AR 1,2,3, - n AR REL b n R5E8L XiO8S i IR R, X OV HREACFII(E,
t=(n+1)/2, R AIEG)NRRIZERIEFEN n FENELEBOR) M-S, FEHE R IAHMEE S
Hll FAHC R B Ra LU, W R[> Ra, WYCHZERWEHELZENKT o FRZER: AR
DX 35k A SR AR S TSI B K RS E PR R SLAR SR AR SE s ik 7 Bt X 7 iy =AM XIS FRR K
TIBIRE 7K A2 52 () MAZ 22 R EL(CV %) s A M-KORE I 73 A 17 B30t [X R = DX e 7K B TR A ) 5%
A2, JEHE RARNS 8] RS TE, b TR SRR KGR R .
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Figure 1. Spatial distribution of annual precipitation and precipitation in flood season
in Tacheng region

E 1 SRt XERK SRR S 6
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TR R % (298.4 mm), HUCHHEHR(288.8 mm), HGKUCHEE. FER . WIE. 55, O NFIE, X
147.2 mm; [Xd @A £ (280.4 mm), FEEBIKZ (187.4 mm), ik,

1T 62a HEHE XS 38 B K Sy 120.4 mm, HAER) ARy B AL R REK D, 7 sl g RE K
ZAETIMEAE 93.5~169.4 mm, F KAEAL THEH(169.4 mm), AR (124.7 mm), FJG K IKCAFIEL
P R VO, B 5935 mm); X4 h A £ (133.2 mm), YK (114.6 mm), FE >
(97.7 mm), X 5AERE KB A 8 0 A — 2.
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3.1.2. HRME. H|HE. Wi

Table 1. Annual precipitation and extreme value, range and extreme ratio of precipitation in flood season at each station in
Tacheng area
= 1. B X R b EREKAEAREKIRE . RE. REE

PEIR R it FEH e 595 Wil £IX

Bk 4703 552.9 441.2 457.1 285.4 338.1 337.3 406.5

I [7] 2010 2016 2016 2016 2007 2010 1987 2016

e W 317.0 4112 291.9 364.2 215.9 253.4 235.0 270.0
7; ekt 3.1 3.9 3.0 4.9 4.1 4.0 3.3 3.0
Big‘% 64.6 41.4 44.4 54.8 61.5 441 421 65.5
PR 2015-9-21  2016-11-12 1965-5-31 2011-6-29 2007-7-17 1998-5-19 2016-4-30 1965-5-28
Fektfs 2687 249.6 234.0 3114 257.0 212.3 194.4 208.2

B} ) 2013 2016 1992 2016 2007 1999 1999 2016

_— ez 236.0 2126 195.1 256.3 208.7 183.7 157.6 154.1
pk L 8.2 6.7 6.0 5.7 5.3 7.4 5.3 3.9
Eig‘% 64.6 355 44.4 54.8 61.5 44.1 36.0 64.6

HIPLRSE) 2015-9-21  1979-6-11  1996-5-28 2011-6-29 2007-7-17 1998-5-19  1987-6-9  2015-9-21

M 1 TATPAE Y, 3T 62a BE4H X 4 P /K Al 406.5 mm, HELT 2016 4, 7 uhikk{E7E 285.4~552.9
mm, i KfE 552.9 mm (S, 2016 4E), FVKCh 470.3 mm (B536, 2010 4F), HJEMKICN 457.1 mm (FLH.,
2016 4F). 441.2 mm (i, 2016 4F). 338.1 mm (75, 2010 4F). 337.3 mm (¥i%, 1987 4F), /A 285.4
mm (F13=, 2007 ), MHRAE HIETERAE, BRybEAN, o 6 uhi Il T 2007 4:~2016 4F; 4 /KK
Z8 270.0 mm, HEEA 3.0 mm, 7 Btk ZELE 215.9~411.2 mm, HARE K, FTHRRZ, HEHKRITKAE
W Bl SR YV, R ZERUDN; 7 WREE 3.0~4.9 mm, HAPLEEKR, MERZ, HEKRK
NETR AR B W, AN RRER: 7 8 H KK 64.6 mm (B84, 2016 429 A 21 H), KK
B4 61.5 mm (F1, 2007 4F 7 H 17 H), HJEHKKHN 54.8 mm (FEH, 201146 H 29 H). 44.4 mm (%
ff, 196545 H 28 H). 44.1 mm (%75, 1998 45 H 19 H). 42.1 mm (¥i&, 2016 4 4 H 30 H), &&/»
Jy4l4mm (R, 2016 4 11 A 12 H), BREER. WiBsh, A 5 uli H i R EK H IR .

i 62a B, 7 sV RE K M AE 9 208.2 mm, HELT 2016 4E, 7 ubR{ELE 194.4~311.4 mm, HKME
3114 mm (FEH, 2016 4F), HKH 268.7 mm (B3, 2013 4F), HJ5kvh 257.0 mm (FiFE, 2007 4F).
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249.6 mm (M4 [%, 2016 4F). 234.0 mm (Fif, 1992 4F). 212.3 mm (75, 1999 4F), fx/MH 194.4 mm (¥
7, 1999 4F), MARME IR ERE, FEE. S5, WIEHILT 1990 448, Hp 5w H T 2007~2016
SRR KA U (R EAR — B B X A K A 22 2 154.0 mm, B EE 9 3.9 mm, 7 Btk ZE7E
183.7~256.3 mm, HA LR KR, ke, HERICHER. M, B, 575, Wik, 7kt
fF 5.3~8.2 mm, HEER K, IR, HERICONBER. Bl FTH, AF RSN, 7 35
H i KFE7K Ny 64.6 mm (853, 2016 429 H 21 H), K{EN 61.5 mm (F1F=, 2007 427 H 17 H), H/5
WVch 54.8 mm (FGHL, 2011 4F 6 A 29 H). 44.4 mm (Fiff, 196545 H 28 H). 44.1 mm (%75, 1998
%5 H 19 H). 36.0mm (¥, 1987 46 H 9 H), /A 35.5mm (I, 197946 A 11 H).

R K S A B K BB 350 ML AE 2016 47, H i KR /K B AE 2 HILAETRI, 2 BH U R KO 4 1
IKEDTRRE K o

3.1.3. R

I 62a S X AR Bk BRI B K, Horh 35 AN R, 27 4R IEEE T, BRAERE KB AA L/ 3
Fei o AR IR AR R DA B, B — N B (1960~1972 4F): SR IE RSP AS B I, H A
DIBE AL, KES PR 5 45(1961~1965 4F), i KIEEEF 72.8 mm, HAMEEF 77.8 mm, 47
TR LB Z s 55 AN BL(1973~1986 4F): WAMEIMY 1979 fE N IEREF, H Ay 13 SEX M, FfLL 1979
FRF, EHUIRTRES B 6 £ 7 FE 7 (1973~1978 4F), HUUG#ESEH I 7 447867 (1980~1986 4F), #x
KA 98.3 mm, O AKIEFETAY 6.1, FEKEMARw/D> HIEANMREER AR 28 =4 "FrB(1987~2004 4):
[ IE R EE A& B, PRSP 7 45, IEFEF 1147, BAKCUERRFAE, &KELLIERY 4 47(2001~2004
), BOKIERESF 90.5 mm, fKMPEF 96.2 mm, SR —. M BURIZY; 26 D9 B (2005~2021
). BAENEGARE PRSI, IERESPE 10 4, PR 7 4, BARCUEREFRTE, RKIESIEEY 5 F
(2015~2019 4F), HAIEFET 171.7 mm, HKHEEF 57.9 mm, AL ARIZY.

it 62a P DX AU B K R BRI BECR, Ho 34 GRS, 28 AN IEREF, RIVRARE K B AT LA
/by 3 8 o R PRSP AR LRI = AN B, S — B B (1960~1973 4F): HH[A]IE fUtE P58 B I,
HBAR AR N, KBS IEFEE 4 2 4, SORIEREF 62.7 mm, KR 51.0 mm, FEA{LLL
BRIZL: BB ANB B (1974~1991 4F): AR I 3 AR IERES, HR 15 AN, KLU A
9 4, e K IEFESF 9 72.1 mm, 5K 571 8E 1 66.0 mm, 7K E A4 2b HL ik i B2 RO 28 —/NF B (1992~2021
). WM APESE B 13 4F, IEFEF 17 4F, BARIEMEESPAS S L, (AEAACOEREE A, RIKIESLIE
PRSP 5 4, fORIEEEF 88.1 mm, f KGFEF 51.8 mm, FEBILEE—. N ERIZL.

3.2. Bt X SRk B SR HARE K B 2= T AL 3 AE
321 &MTK

Table 2. Spatial distribution of linear tendency rate of annual precipitation and precipitation in flood season in Tacheng area

3 2. I X Rk SR AR & fa
By MR B fEER = 575 s oxil P 2[X

FRRK LA

5.88- 12.03° 453  7.33- 5.98- 9.51" 7.12- 7.44- 8.32" 7.49-
CiEEs
I K 28

1.22-  2.34-  101-  3.49- 3.41- 2.30- 1.40- 2.02- 1.85- 2.17-
A ) 2

FE: I 0.05 1 MK R, -ARiE 0.05 )& VE KT .
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B¢ 2 W50, 3 62a SEIRHL X AR PR K AN RIS 2y, AL 24 7.49 mm/10a (Ridid 2
HCFR) s 7 Sh4E R 2 P 2R 7E 4.53~12.03 mm/10a 2 [], #FRIAM L, LR, 575, ¥
R D EZEAGEE T 0.05 MEFEMACERL), /AL 12.03 mm/10a. 9.51 mm/10a. 7.12 mm/10a
PR R EE L, FRE, MFE B, PRI A B 2 a5 Rl B2 KPR, 45l 7.33
mm/10a. 5.98 mm/10a. 5.88 mm/10a. 4.53 mm/10a [FERAEEW L, XUk LL 8.32 mm/10a (1]
HERREMLZGAL 7 005 KEFEEKFRLR), ZHEhHMEARAREW L@, BrEshn 7.44
mm/10a. 5.98 mm/10a.

I 62a 53 XA Pk AN B 2 dh, 2B MEMA Ry 0.12 mm/10a (Radid & 3 MK PR ER) ;
3 A B K 2R MR %2 7E 1.01~0.49 mm/10a 2 [a], BRI L, (HIARIE I 835 KA,
ForhE BLGH A K, DA 3.49 mm/10a R #3220, FLJE AN VA B 05 VDT VB4, 4393 BA 3.41 mm/10a.
2.34 mm/10a. 2.30 mm/10a. 1.40 mm/10a. 1.22 mm/10a FIiERE L, R F/M1.01 mm/10a); [X 15
rh DL B A K, HONEE IR A, BL 2.02 mm/10a ARG, B/ NN EFEE, L 1.85 mm/10a i R
Wz,

322 SEEHAY

Table 3. Climatic trend coefficients of annual precipitation and precipitation in flood season in Tacheng region

3 3. B X ROk SRR SIREE RE
By MR i T M 575 Wil i Fe £X

FERFKE . . ) ) . . . . . .
¥ 0.14 0.28 0.12 0.20 0.23 0.32 0.23 0.21 0.28 0.26
BRH
HHAREIK ; } ] i } ] . ] ) )
" 0.05 0.04 0.10 0.12 0.14 0.12 0.07 0.09 0.09 0.12
FEE

FE: T 0.05 MEEMACERR: ARIEIE 0.05 12 E AR

HI7% 3 W1, T 62a FAYMIH X R K SR E I 2 0EIE 1 0.06 FEEVEACTARE), SRR
K 0.26; 7 SEEREK RS REAE 0.12~0.32 2 1), HRIEZ &S, Hh 50, MREEZEHED
% (E 1 0.05 (R F AP RR), EES AL RN 032, 0.28, HARFEIRIANARZE L E
ORI B KT s DXk P A R A 2 2 2 S (I 1 0.06 1B KT ), SR
H0H 0.28, KA EA R F ML BHCRIER 0.05 M ZEMACHRL), [EES REU R 0.23.
0.21,

i 62a FEYRI DI B K AN B350 2 a9 Rl B2 KT R ), Ui 2805 0.12; 7 351
SRR U S R 0.04~0.14 2 [a], BIRIUNAN 21 2 3 Rl B 2 VR AT ER) s =S DX
J B K IR BN AN 0 28 1 22 5 (Rl I 2 VKT AR )

TR, SEMIL X AR IR RS R BN IR, BIRIUDNE 2, BFEREKR
Tt 3 R B TR K U R L

3.2.3. tREENZESH

PRAEZERRR, R KR e i, 0% RS ICE T REMR . W 2 7TAl, JE 62a 53
i [X 4F B K bR 25 9 53.7, 7 SHEEREKARUEZEAE 55.4~79.0 2 J], F KRR, R RERKITE
Pz, RABLEFR BRI RO, BNk, HEKUCVER., S, il 3%, &M,
RUIRIEAERK R E R, I A e B K bR e R, MRk, Wi,
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Figure 2. Spatial distribution of standard deviations of annual precipitation and flood
season precipitation in Tacheng region

2. IR X FREK SRR KIREE

T 62a B X AU R K AREZE Sy 32.9, 7 SRR /KPRAEZEAE 32.8~47.7 2 ], B KNIRIEE, X
HHFE AU ROK Ra e i 22, RAEBV K ETREMERR, FIER, HEMRUICONER. R, Fif.
WV, BONNE TR, RS IR KRR E AR T DX R R K bR HE E R, BIEIR .,
HE BN o

3.2.4. PEKEER
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Figure 3. Spatial distribution of annual precipitation and precipitation variability in flood season in
Tacheng region

3. X FE K SR ARk TR

B 7K IR A2 28(S) A S e — Hh B K AR MR AR (A LR ), — ik, P KE K7 KA
N, REFEFFKER LI 0.1~0.3 Z [0, JLRHXFEEZRER/NR 0.1~0.15 [15]. X+ K[19]14 1T T HriH
A4 ALK AR SR, 5 RAG A3%0 3k [ /K A FAE 0.3~0.5 22 JA].
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FEPR K B R I 1 7 7K AR R )N

T 62a B X PR K AE 20y 0.23, BikaE: 7 s K AR HRAE 0.24~0.31 2 17], sk, M
FRZ BN, HERICHEE MR, SRR, X LUk 2R R, &
Mg /)N, 2R BIRARE K SO 7 PRk AR 2N
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Figure 4. Spatial distribution of variation coefficients of annual precipitation and precipitation
in flood season in Tacheng region
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Figure 5. Decadal distribution of annual precipitation and flood season precipitation in Tacheng region. (a)
Annual precipitation figure; (b) Precipitation in flood season
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Table 4. Correlation analysis between annual precipitation and flood season precipitation in Tacheng area
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