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Abstract

Based on daily meteorological data from five stations (Aksu, Wushi, Baicheng, Xinhe, and Shaya) in
the Aksuregion from 1961 to 2025, this study calculated the Standardized Precipitation Evapotran-
spiration Index (SPEI) at four time scales (1, 3, 6, and 12 months). By integrating the Mann-Kendall
trend test, Sen’s slope estimator, and drought frequency statistics, the interannual variations, inter-
decadal evolution, seasonal distribution, and spatial patterns of drought in the region were ana-
lyzed. The results indicate that: (1) Over the past 65 years, the Aksu and Wushi stations exhibited
significant aridification trends (MK-Z values of -5.27 and -2.41, respectively, both significant at the
95% confidence level), whereas the Shaya station presented a significant wetting trend (MK-Z =
2.32). Changes at the Baicheng and Xinhe stations were not statistically significant, resulting in an
overall spatial pattern of “dry in the west and wet in the east”. (2) On an interdecadal scale, the
1990s marked the wettest period for the entire region, while drought intensified significantly after
the 2000s. (3) Seasonally, spring droughts were the most severe, with an average frequency of
81.6% across the five stations, followed by summer (47.4%); droughts were less frequent in autumn
and winter, highlighting spring drought as the most prominent seasonal characteristic of the area.
(4) The frequency of medium- to long-term droughts, as reflected by SPEI-6 and SPEI-12, was gen-
erally higher than that of short-term droughts reflected by SPEI-1, indicating that water deficits in
this region are predominantly a medium- to long-term issue.
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B ye s X SR 9 ANE R GOWM v, B uli A, LSRR R 1961~2025 SERGWTFTRT
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Table 1. Basic information of 5 meteorological stations in Aksu region

F 1. MEHBX 5 MEREEELES

RS i AR £E(E) LE(N) R (m) BERER
51628 Bi] 52 75 80.23 41.17 1104 1961~2025
51629 5t 79.22 41.22 1395 1970~2025
51633 I 81.90 41.78 1229 1962~2025
51636 A 82.62 41.53 1014 1963~2025
51639 Wit 82.78 41.22 980 1961~2025
23. ARGZ*

2.3.1. SPEI 5%
SPEI #5#1 i Vicente-Serrano [6]F 2010 FEH#EH, & SPI 3EAE L 5] NiE7EZABEPET)I, #iT K
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Table 2. Classification criteria for SPEI drought grades
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Figure 1. Seasonal drought frequency and average SPEI-3 distribution at 5 stations in Aksu region
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HELETRERM™ENZEYN, 5 MNiSAEFETREMRSEE 70%, HrRybHEs 5 m(89.23%), Hifl
84.13%, FTE 75k 82.56%, ATk 80.95%, FEIRUHHIXEAR(71.35%). 5 uhiFZE ) SPEI-3 ¥ N H(HE,
A F-0.89 FFEH)E—-1.03 (W) 18], HiEA7AEHFE L FK 5. X505 b X HFFESIRE T, 7
RmZL, BEokM > AN KRR KEYIM G . BEIEELNZRTFRTTAEBEDFEMY, mEHES
X AR A P R IR o

HETEHRKZ, 5T 43.08% FIT0I0)E 50.79% CErAnZ ia), i SPEI-3 41, T
—0.21 FFIR) £ -0.44 CHi AN 2 i) . HRE KA Z, HAERE. 2K, MERRKER, 115K
TR REMAFET RIRRAK, 5 ik ET RREIMET 5%, 4N 0%, T3 SPEL-3 ¥ 1EHE,
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3.2. X T RERENES

X %3 15 SPEI-12 P 53T MK BRI (E 3). Bl 753 MK-Z SA—5.27 (P<0.001), EHEET
Beadh, FRAHRNWIE: DH ¥ MK-Z N—2.41 (P<0.05), 78553 FRE©A, WS MK-Z A 2.32
(P <0.05), BEFH LIS, RNRIEIESE s FFEIRuEFUEH A6 k56 45 Rk W2k, AR AR
o

Sen R AL RN, BTG SPEI AR {biE 2 N—0.0368/4F, NME&HML; ZAFuhN—0.0266/4F, T4k
RZ s WHERG N 0.0162/4, S &FRIEAE S s TR0 FIHT A, 23500 9 0.0051 1 0.0103/4F, WA WEIE1L
AR PO AT ) MK-Z N BAaHER R, TREE; R MK-Z NiE, &
TR PEFER. HRIW s MK-Z 3208 0, BRI . XF “PHF4RIE 7 R R T ae S Rl
P, PRI AR B Je N B B R R .

Table 3. Trend test results of SPEI-12 at each station (1961~2025)
%2 3. & uh= SPEI-12 B IELER(1961~2025 £F)

iR gRE Wk PR FR BRIER ZEFHSPEI  MK-Z & Sen FHEE(/5F) B E

51628 B e 75 1961~2025 -0.018 -5.27 -0.0368 Hork
51629 =R 1970~2025 -0.015 —2.41 —0.0266 *
51633 FEI 1962~2025 -0.008 0.62 0.0051 —
51636 A 1963~2025 -0.003 1.17 0.0103 —
51639 Wk 1961~2025 -0.005 2.32 0.0162 *
— X 187 1961~2025 -0.012 — — —

T eeRORIEIT 99.9% B EEALK, *RNET 99%EEERR, *RoniEid 5% B EHERLY, —RKnRmidEE

MIE 2 FTRAE S 5 ANk g SPEL-12 (AR BRI SN BONEIZL o Bl b 5555 F1 5 A58 78 2000 AEAX AT 2 Ak
TIEEXTE, 2000 AR FFEEME, 2010 405 SPEL-12 FREKT-1.0, 4T HEREE T FIR
o FEWEEAH SRS EON RS, KIAWEEL 0, KRB, WHENEE 1970 £RE ) — BT R
JEIZETET, 1990 FEAX)E 2 AT IEEX ], RiEEA .
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Figure 2. Interannual variation of SPEI-12 at 5 stations in Aksu region from 1961 to 2025
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PL 10 R —MEARFREE T, Goith &5l s FEAR I T 5402 K T3 SPEI-12 (1] 3). 45w, B
i 75 X R AR AT 43 3 AN BE: 1960 4EAR A 1980 AEARHIANS TR 1. 1990 4EAR ) 351
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1990 AEAR S 42 X d5 i (B 5, 5 Al fd T S0 8T 0%, 35 SPEL-12 4351l 0.94 (B 72 75)
1.22 (%4) . 1.27 GFIR). 111 G A, 1.08 (W), $54b T BH BIRIEIRES, S5HssEArE 1987 15 H
THAR T S A o BEN 2000 ARG, TRFEEEZE IR B STt T AR B 1990 £ 0%+ &
2000 AR 35.00%. 2010 FARH 93.33%A01 2020 FAX 1) 100.00%, “F#5 SPEI-12 H 0.94 [£Z-1.64; 3
bR ARR A 0%FF 2 2020 S48 100.00%, “FJ SPEI-12 H 1.22 [£%-1.07.
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Figure 3. Interdecadal drought frequency and average SPEI variation of SPEI-12 at 5 stations in Aksu region
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Figure 4. Drought frequency distribution of SPEI at different time scales at 5 stations in Aksu region
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Figure 5. Spatial distribution of drought frequency based on multi-timescale SPEI at five meteorological stations in Aksu region: (a)
SPEI-1; (b) SPEI-3; (c) SPEI-6; (d) SPEI-12
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Figure 6. Interannual variation and interdecadal characteristics of regional average SPEI-12 in Aksu region from 1961 to 2025
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Figure 7. Monthly evolution characteristics of SPEI-1 in typical dry and wet years in Aksu region
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