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Abstract

Based on the observation data of winter days with snow cover from 38 meteorological stations in
northern Xinjiang during 1961~2021, the spatio-temporal variation characteristics of winter days
with snow cover in northern Xinjiang during the past 61 years were systematically analyzed. The
main conclusions are as follows: 1) In the past 61 years, the annual average winter days with snow
cover in northern Xinjiang were 82.89 days, mainly with snow depth less than 20 cm, accounting
for 70.33%; 2) In terms of space, 78.95% of meteorological stations in northern Xinjiang observed
an increasing trend of days with snow cover, except for the non-significant decreasing trend in
eastern Altay, central and eastern Changji, and eastern Tacheng. 3) Under the background of glob-
al warming, the climate in northern Xinjiang is also experiencing significant warming, but extreme
weather processes are frequent, which is manifested in the recent 61 years. The number of days
with snow cover in winter in Northern Xinjiang showed a very significant increasing trend, with an
increase of 0.95 d-(10a)-1, and the increase of 20~30 cm days with snow cover was the most ob-
vious and was 1.37 d-(10a)-1, followed by 230 cm (1.13 d-(10a)-1); 4) During the 61 years, most of
the years with fewer days with snow cover in winter in northern Xinjiang occurred in the 1960s to
the early 1980s, and 1967, 1969 and 1973 were unusually young years. The number of days with
snow cover in winter changed dramatically in 1982; 5) Due to the influence of geographical loca-
tion and altitude of meteorological stations, the number of days with snow cover varies greatly
among stations in the same region.
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AT RS RGP UK R B 1 — 807, s aRBli e B DY 0 2 =K 588 LUK S B AP e, 4
Zb A BRAN S 7 5 AR L 5 SR T R 34% [1]. #7856 FIAR 25 Rl AL 43 i) 2 6f 1 < TR Fr) A4 i 43 Tie
AR 3P 8 77 A 0 28 RO, BETT SR Ry R o A, P AR B R AN (2] o T ERE T K
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e, b EAR S A 55 RIS & F R RS 5 RO A S0 b [ 2 K SR A (3]
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NE; 90 FAARAFTIA; 2000 FLUFEBEREE L . = RKES[10]0F 7RI 2003~2012 0 )I[F1 5
B MR EO M Fa, MEESESIRMBEKTCREBCOVEY], SR KT K
M5 . el il X 4T H R 2 IR, 75 20 ke 21 ek Aa T mEH
w2 2D IR AZ[11]

vl PR IR IR BRI, R EMARE R E AR RACAFH IS R [3] [12] [13] [14].
WX T 58 R SR AN R X I AR S [15]-[21 13 WA T AH S 2 09T, BT T — SR 55 ok . BiE 4
BRASHE, IR S IR HILRR SRR LR, AR KRR I 835 10 b ik 3l id A2 S A K 22
T IS4 2 b BV A bR 8 2 4 ZE B /K R AR P & AR B i 20 2k (R4 FH I 45 R[22 BT 72 3R B8
BAHFEME FESMER LXK R PAAG[23] [24], FUE JE AR R T IR B 2 2 i ks %4 (251,
EAGSE L R X 2 2R d R AR 35 IR 5 0 35 a5 (23] 4F A AR A S 73 37 SBEAR 5 TR AR B AR 2 k2 3
HPhBEFMAT R BEE, ERNE R TEAR LHE BRI KAERT, TaAARNHE,
KN LT [26]. XZE[27]F) F 18 RS R0k S R BER R B 1980~2019 £E BT SR AL AR 5 8 o 1
T S HEFIRR S IR E L, RSP HEARRE, ERS4LHRER. #id EOF 4 #r KM
Je 8B KRS PR 2 0 o0 A B — Bk (28], 2 B, B HERRE RS H 2 s,
N ERAEAE 1960~1980 AKX, 1990 FAA Frisi/>[29]. B 78 3R WA E [ AR 25 2R 8 5 73 A RRAE I
S HEHE A ARRIE30]. ATLAEH BT RR B FH. 7EMAR, 5 HHRNB &S IFA—5
[27][29]. HEGX THEHE HHIT R 2 TIRETTR, (AP RERG R T FIEE, RN T = s,
ANBEAR U W Z I FR S (0 AR, TR G S ARSI RO T A K, BRSO R L HE A b i
WAL, PRI S KA EER30] [31]. EEZR23FI ARV, 1961~2017 FH# (X
. JbFRH X DK R L KRR S H ek g s, Hd<10 eom B E HEUHD, >20 em U5 HELR
EREIN . T BE A R A T ORI R SRR, BEE AR S H AR IR R A [24], AL TR LA
Jeft b8 DL R AN R X AR S H BOR il B4 [ 2 R AR b S, A E S RS H AU
AR 2 HATICE A KZ M. BT oL B, AR SCERALEE B A w8 Wl ) 38 MRk
1961~2022 FEFRE WM TR, RG0SR H B 25 A8 HE i, B 748 7~ BT 48 i R T 54 N BRI
AT, ACSEAN S TR AR R Bl AR AR, B TE NI AT SR AR S I A A SRR AR A
FRAE SR (LR .

2. HRXEER

W7 XA T g A R Lk AL, 4248 ERRONILEE), BHFIZA 59.5 x 10* km®, K 185~5694
m. JLEEHLTE 3 B Lk R A 2 R, R G BN A R L L JRKRR AT 2R 2 Ly ik, S D v e R 2
s Rk E R AR, PEARAR . HbARRKE KRS A, J&F SR KB TR AR, Rk, &
ZEIEY, AFKE 200 mm At GRINARN EHOI B ER AL B EE AT SO, I RUKE 8 E
AKUE, Xz X A A PR R . ASCE A T IR R X 1961~2021 4 61 4 A1 56 5 WL 42 5% /4 Fr

Gk, i 38 ANk, HA AL 10 Nuk(arah . EIR . ER R M. gAE R, R,
PLEANE . Je 8wl i, Rt MO FIEIZR 6 D ub(FTEhZul . A /Rl B, me
W EHARTGEG S EREE) N 4 AN SEETRL L TR ARG RS IR B 8 (XK
vl Biul. FEEEERL . EOREE R, K&, A e, b uh . R B 7 AN uh (B .
RGPV h . Bk, FTEME. B8, MR, B8RS 3 NUEOEAIIMEE. BE AT,
AN (B 1),
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Figure 1. Overview of the study area

1. FRXHR

3. BEKiR. A
. RER#IE
WEFCHTHI AR S Bt Wt o BOAZR (A 4F 12 H =R 2 ADIIRES B, RS HE. TR, M

TS P EH SRR EER IR OAEEA R RE RO, ARG E XS, B
W EREFVE RN — UL B E B S, wiad v S H(32] [33].

3.2. /F&
T HER S IR T R HE et IR

y=a,+aqt

Kb y AT HEG « NF; o NEMEEHF, HAEEMRRRE HB0E s .

S HE RA R SR A 7 Mann-Kendall J73%. MK k36722 —FdES MGt 7%, e 8Ix o
R BRI AT BRI IE R AR E RS, EEATEIRR[34]. HEARFPIIMiEgit
B UF, HIESRZRFPINSFHIIESTHE UB, B a=0.05 (ugos = £1.96)HI{E BEKF.

4. THSER
4.1. HERBZE I THHE

ME 1 ATBLE H, 1961~2021 AL 8EAZEF- S H 0 82.89 d, Hrh<20 em FAE H b 70.3%,
>20 cm A E HEL L 29.7%. 7T LUE HILIEA S HEF ZOAR T IRE<20 om MRS, BREHE LR T
58.29 d. FRE H AW A (8] /3 AR = BE 2 IEAR G, AR RECH 0.64 (= 0.001), X5 FEZEHEB5HIWIT

— 3, MO R R iR AR T AR R R R R R R . JRERR T B AN EE A O R
— LT E SEALER I SR X, TS H 0k 88.59 ds — M TR ILALAE . HERS R M AR B 4N
BEHX, FPIRE HH0L 88.53 do AANEAF ST R BA[36] P 28 ARALH . A AR AL 2% - Rl

— LR R H I ) X, AR AL S AR L XOR AR T R R A X, (HAR AR AT
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Table 1. Winter days with snow cover and days with different snow depths in Northern Xinjiang during 1961~2021 (Unit: d)

F 1. JLEBXIEH 19612021 ELFREHBRARERANE HE(EALL: d)

ST B <10 cm 10~20 cm 20~30 cm >30 cm

Bl 82.89 28.85 29.44 15.55 9.05
GRS 79.87 25.42 28.63 16.74 9.08
(TETES 88.59 27.17 26.82 17.79 16.81
T 79.35 54.13 22.85 2.28 0.09
B 88.53 24.00 40.24 19.02 5.27
% 84.96 30.30 28.58 15.09 10.98
&R 66.44 19.48 19.39 16.64 10.92

K XA T HE G, RS FIE HECN 79.87 d, <10 em F1E HEL Y 31.83%, 10~20 cm
= HEL A 35.86%, 20~30 cm A HEL 20.97%, >30 cm FAE HEY 11.37%; Bl #iZ2 X P30S H 4L
749 88.59 d, <10 em A E HEL A7 30.67%, 10~20 em FRE HE 5 30.27%, 20~30 cm F1E H#L & 20.08%, >30
em FE HEL A 18.97%; TEMFIFIE HEN 79.35 d, <10 ecm A5 HALS 68.22%, 10~20 cm F155 H
7 28.80%, 20~30 cm FRE HEL Y 2.87%, >30 cm FE HEL A 0.11%; & FH X FHHE HEy 88.53 d,
<10 cm AE HELE 27.12%, 10~20 cm B HELE 45.45%, 20~30 cm FLE HEE 21.48%, >30 cm fAS
HELE 5.95%; B3t XFHRE HECA 84.96 d, <10 cm FAFHHEY 35.67%, 10~20 cm F1E H S
33.64%, 20~30 e B E HE A 17.77%, =30 em RE HELE 12.93%; L EARFFHIX RS HECH 66.44
d, <10 cm FRE HE A 29.32%, 10~20 cm F13 H L5 29.19%, 20~30 em F155 H %5 25.04%, >30 cm 1
HHE 16.44%. WIREERE>30 em S HE KRG, PR EZ, 53 16.81 d, A4,
W ZEARTT HE9.08~10.98 d, & HITix E X3 & B 55 A = IR X 3[35] [36]. M 2 ARG H,
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Figure 2. Spatial distribution of winter days with snow cover in northern Xinjiang during 1961~2021
2.1961~2021 £ BEEMERYTEHHE
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FIE HEURZ M2 S EARFEH /Nl , PR H UL 90.15 d, HRAZ B & RIS, 24 90.05 d,
/DR p A T S BORSE HA R, R 20.8 do “FIJFFE HEOEAE 85~90 d, i & ufi 4L 57.9%.
FUE HEUE 80 d LA RHIIEE 10 AN, A Euli BB 26.3%, EE A EF AL U ST FHLX (77.05 )
TN BRIz 11 11(72.56 ) IR FIAR 70 38 2K34(68.41 d) LA K B AR SF KA (20.8 d). ZEARFFHIIEIR
WG 61a AT 20 cm LA EARE FB, M O RTEL L 3k . B I K AN A o0 B8R 5 30 em LU EARE HEL

4.2. BERAERHNELES

1961~2021 4, JbgiEh X 4 ZEFR 8 NS HA R A EHINE 3(a)), HR 30 Aubsl 238 hniE
Ho BEHEERAD S S0 B TR . B X A X, (E )/ I8 4R 1d-(10a)
HEHEIL T a=0.05 BEWAKPRL, BB AR TR,

61 FNABERT L E WIS R G 304, Sl s B 501 78.95%, VL FEIE 0.01~3.10
d-(10a)", “F4#90.75d-(10a) ', RA 5 Dubilid a=0.05 BFMERLK, 2 D@ T a=0.01 BB .
30 MR Gk R AR S HACE N BRSPS IIRTE 1d DL B RSt 6 AN, A 3 ANl T o= 0.05
R E VRS, BRI . B X A AL 2

S AN F E RS HEUEORE, <10 em BE HEUAE 8 Nk i 2 hnigass (K 3(b)), HAT
B b NI, MR 3.24 d-(10a) " . B/ 30 btk HIR/ADEBEEEAE 0.14~12.45 d-(10a)", Ty
279 d-(10a) ", AT 11 D@L T a=0.05 BEMRL, 6 Nuiilid a=0.01 SE MR, FEHAAE
Bz, BEHAPALNZ; 10~20 cm FUEE HECH 23 A3k 8 23R 3(c)), Hdr, AR ERIBT 1L
EIPEAS A B e o B S, MR 5.54 d-(10a) " A1 2.41 d-(10a) "o /D 15 Dt ﬁfﬂz/'\%f}mm
JEAE 0.31~5.07 d-(10a)"', “F¥J2.06 d-(102)", WA 3 Mufilil T o = 0.05 E MR, FIREIAE 2
T o = 0.01 BFEMERLK: 20~30 cm FEH HEA 33 ASub s S 3(d), BEINVEEE 0.03~4.9
d-(10a) ", A 5 MBI T a=0.01 BEMWAGL, FESMEMEER. B5EAER. WO 4 ukrm
IR AR, 76 1 d-(10a) ' LR >30 em AUE H AR A 33 ANl sl 23S 3(e)), LR
F 0.02~5.31d-(10a) ', F 5 M T a=0.05 BEMRL, 2 MG T o=0.01 BEERL, Hhd
K THFARE 75 W5 i 8 D0 AE X B S, B8R &N 5.31 d-(10a) ' A1 3.64 d-(10a) "o T8 ERATILBE AN sl 52 0k
A, AHRIREA IR, JRIE S 319 0.06 d-(10a) ' F1.0.04 d-(10a) .
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Figure 3. Variation trend of winter days with snow cover in Northern Xinjiang during 1961~2021

& 3. 1961~2021 It BEFHERHTILIEE

4.3. SFBREILFHE

1961~2021 4%, JbHEAFME HE R INES, HAert@EHEmd 1 a=0.01 2EEKTFRE, RHIX
—I SR AR BN, BINIEE N 10 4F 0.95 d (£ 2), X 54EMAERSE KB —5
(4] MAbsEAZ= RS H BN ERR R RORE (] 4(a)), 20 HHEZE 60 FEARE] 80 FEARKIIIA S H %
XD, ZHUEM MR, 1961~2021 FhrifEMZE N 4.27 d, RABEHFSRAGHE, WREFLE
KT 2 f bR ZE A A S T bR SRR BT [37], 1967 4E. 1969 4E. 1973 2 LiEAE R w /b4, ]
PLE 55 w4 22 BILZE 20 2D 70 SEARMIHHRT. 1983~2019 4F, MEHHEEWM L, LR HEMH
BB, WA 8 T HEURT 61 F-F3ME, b 1993 ST H¥uR%, Jv82.89d, Hiks2& 2012 4,
9 82.82 d, XU Z M ARAIL BIFE FE HIKF, 8 T AR B RS . MEL 5(a) ] LLE LR
KRR H A B AR AR S8 I 5, {H 2001 SELARTIEDZ 021, A o= 0.05 BE MK .
A 2001 4F 5 ¥ A5 B2 KT 0.05 IR 54k, R 20a JLEEATIE N F &S 0 B
1. fR4E UF 5 UB HIZEAC s AL T 1982 4F, FHHALTE 0.05 (5 XA, Ui LA AN HEE 20 T2 80
SERHT, AETEHRDBIZ I, BAAGRM 1982 FFIFEEI. WEHERTUE H, FE HEOEINE] 2004 Fik
Fl—/MEAE, BEETTIAIEAE SR>, BHE 2008 4, Ffija X2 - > 1SR . HEACR I
1982 4 J5 b gl 4= H 402 W3 i .

4.3.1.<10 cm BIFAZHH

JEIEAZ<10 cm HIFR S H 3SR B3 b3 (a = 0.01), JiE Y 1.80 d-(10a)" (% 2). FE HEE 60
EARE] 80 AEARMIH S LI A TR I (1 4(b)), REZECEFM N IEREF, Horb 1969 M E H#ik
%, N 53.74d, BE T REMEZAbRME. 1984 GRS R, Hd 2012 RS HEED, 8 9.39d,
HKON 1993 4, 4 12.63 d, (HARJE TN IR BIEFREsh . M E S(0)T K FE HIEEA <10 cm FIFAE
HHOE M 1983a FFaGH>, I HAE 1997a UG B2ED, HEIE T a=0.05 BEWKFRLR, H27E 2002
SRR EAEERL T 0.01 BEMAK (o = £2.58), RITE 20 LK HILEEA <10 om IS HE 08>
BB REN.
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4.3.2.10~20 cm HFAE A

10~20 cm FAE H Bt 2 R/ H %, g 0.19 d-(10a) " (4 2), EIFREIET a=0.05 K2EHER
5, RILFEAZE 10~20 cm AFH HEUE 61 RG>, (HRMNEERSG IR L FiZEHRIFAHE. N
EPRENRE 60 FAWIIHR T2 (F 4(c)), 1962 FRE HEEHZ, N 2597 d, K3 T 75 w2 FIFRHE.
1965~1974 FEFAT B W8P, S/ MEHIAE 1966 5, 4 18.08 d, AIXF R /b HIARHE. 1975~2007 A
MEmZ M, mAEHDIE 19754, J4582d, B3 T REMWZEME, HIUE 1985 4, N 43.26d.
2008~2017 4, JLEEATFRE MG 7 BE A ES, S/MEHIE 2012 4, 4 12.74d, HE2| R
/DI bRE . T Sa FRE SCHBIIE 2% . K] 5(o)rT LAE T 61 4F 10~20 cm FAZ HAAE 70 FAK
12 80 FEARWIHIA RN ds, (HXFPE G A R AR E N (e = 0.05), MMH] 2013 4 LU XA /D
#, BB RA R E N (e = 0.05), MHEHESCHIEMES . A UF M UB FIAC RO ERE, XY
IR —RARER, B 1983 FFFUAR.

4.3.3.20~30 cm HIFAE A

20~30 cm A E H R BRIk HAEE 2), WIEN 1.33 d-(10a) " (¢ = 0.05). 7F 20 4 60 FEACE 90
RIS AR (] 4(d)), 1969 AT HE b, KA 1.05d, IEF] 7 58 W rbsiE, HixoN
1967 4, 4 3.61 do 1993 FZ JGFHEZ, HAMEHIE 2015 4, 30.05 d, KB R WEEN
PRt M S(d) AT PAE H AL EEAZR 20~30 om AR S HHFE 21 20 & 34 i 2 35 M 7K 7 0.05 I1E 5+t
2, HHAE 2015 FIEERBE T a =001 2EMEKF, M UF M UB WA R ERE, XM mERAE
— ARG, HARJE M 1984 FTFLRIT.

4.3.4.230 cm R E A

>30 cm AT H At 3L 2), Wil 1.31d-(10a)", (EIE AR TZ . I 4e)nT L
A, 1T 61 430 cm AREH HE AT 2 TIE-F, EMRE H B BER AR, 8T IEW IE
Pripeah, i 61 S HEUWZ R0 A A 25 4, T HHmEHEMAT 2012 4, 3724 d, HK
92000 4, A 30.21d, 55=R 2009 4, 929.13 d, HLASE B 2 F bR IE 5(e)RT BLE H1=30
em AT HE /2 AE 21 WIS & F ki B MK o = 0.05 IR 4k, IFHAE 2012 SFEHE T o =
0.01 &E LK, M UF fl UB (AC AL E R, XAIEIE S — RIS, BN 1999 FEIFUHHT

LTI 61a ALHRA IS HAUR A2, AIEREN 0.3 d-(102) ", ZHFHIURZR NS,
38 0.45 °C-(10a) ', TIALIEAZFNE AR IR, S 20 cm BLERIE HACR 2850
TS, XSS 1 AE SRR R AR R 57T 0 SR i P /K AR S B /K Rt 2 I 245 (38] [39] [40].
Table 2. Temporal variation characteristics of winter days with snow cover and analysis results of Mann-Kendall mutation

test in northern Xinjiang during 1961~2021
3 2.1961~2021 FALEBLFRE B HATEZLHFAER Mann-Kendall 3L AT E5R

Hatha(d-a) i B EZ S5 Dy RAL
EREHE 0.09° 4.27 1969 1967, 1969, 1973 1982
<10 cm -0.18" 7.22 1983
10~20 cm 0.02 6.49 1983
20~30 cm 0.13" 8.62 2015 1969 1984
>30 cm 0.11 8.80 2000, 2009, 2012 1999

Horh A 1o o = 0.01 BAETEAK TR
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Figure 4. Anomaly variation of days with snow cover in winter in Northern Xinjiang during 1961~2021
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Figure 5. MK statistical curve of winter days with snow cover in northern Xinjiang during 1961~2021
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