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Abstract

The spatial and temporal distribution characteristics of frost in western North Xinjiang were stu-
died based on the daily minimum temperature data for the last 36a in 1986~2021, using linear
regression, Mann-Kendall mutation test and spatial interpolation. The results showed that the
first frost was 0.3 d/10a earlier, the last frost was 0.7 d/10a earlier, and the frost-free period was
5.0 d/10a longer in the last 36a in western North Xinjiang. The results of the mutation test showed
that the first frost was delayed in 1989 and 2012~2014, the last frost was delayed in 2008~2010
and 2011, and the frost-free period was mutated in 2000~2004; the early and late frost anomalies
and frost-free period anomalies were more frequent in the period 1986~1997.
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RS NRA MG SV AL TR K E, WIS NERIEY AR, HAEKRDN
JEERR. EEFRTURARRIE R, Y. LRERLUTCHRIE 2250, [HAN2E mT FiR M. JEEK.
SR nERE E LR G BB Bl g 1] [2] [3]. EWEE RS ES, WS
SEIRZ A I TR IR E K 2 Mot B A W R HHEIR , &R HHR S, R e KRt a %
[4] [5] [6] [7] [8]. HHIRAAI G IaIR EE M RAGRE . HHARTRA H PRI =/, A
FIEL U E UM S R A G BRSNS AR H R RAHE 0 om MR Hdm st &, JFET
X PR RPTFT[9]. BRI FE R R A H ], 3 AT 45 4 0F 78 DXk 1R A RS MR8 638 A (R AR HERTE 7T
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RRAE IR A A0 TR G5 558 e H[12]. 2014 4 10 A 8 2 9 HEF RN A AR, FHUBHALN H & ff
FHAEEMZ B0, ARSI 11.67 JinT, 2Ktk 6 Jini, HURKHL 3 470, mtn] WAE A ek Ag
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Figure 1. Study area site distribution (review map umber GS (2016) 2556))
E 1. fARXE =27 (FES GS (2016) 2556 =)
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2.2.1. ZAEEISHR

PAZRPE IR T RE A ) 8RR VR A o HIAE 36a (AL, I U 5 S D 3 AR e S B 5 1
PGSRV 83 36a P HIHIA I 287008 1 7, P R IR B X B R L fE y = bo + bt (1 =1, 2, -,
n), TR IS .

2.2.2. Mann-Kendall 22354628 5%

i Mann-Kendall Z8728 #6536 J5 1260 S A 7 A1 47 ARG 58, FIWT LSRG BT 36a W) Z4H5 % KL FE
R BAFAERA . RARTFURHT [B] DA S AR X Ik o R 488 Fsf 8] 3 1) 1) B0 et 4R P T 2z ek [] e 201 174 A
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223 BAREBEREMEEHRINTREAREKEFR

MREC A TR JEMESE NN FE R AR SRS —FE R RS A RRE WG R 5 R 2B I ) AL R
SERFIEIES, A CN/NT 0.05 FIOKT 0.95 MIMEZ U Bl R A e R WIFE R PR 28R R A, ARG EAE I, 78
0.05~0.11. 0.89~0.95 HMEA o [l & A (I AT FE R« 2468« Imt . I o e JH[18] [19] [20] .

3. KRENH
3.1. FBARKIRTB T HFAE
3.1.1. ¥R E L FE
ALEE PV TR R AE PR AL I 1] 2, ¥I7E % A 0.3 d/10a [ R 37 B, 1986~1997. 1998~2009. 2010~2021

FMFEAPRR LR 2, 2GRS 250l ml iR S P, AT S 38R U A =1
K, R RE R AR RN, KE ek mOHER S, BRE#hTe. IR R BBl T, 23 Al EL 0.0,
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Figure 2. Map of interannual variation in first frosts in the
western part of the Northern Territory
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Table 1. Climatic propensity to first frost (d/10a) at stations in western Northland
F 1. LA BE SRR SIEE2(d/10a)

il 55 e BEhT MHLED AR ESR R B MATESER BE B3 IR
SAEfiE R 3.1 -0.0 2.1 -02 68 18 1.2 -8.4 0.8 1.7 1.9
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Figure 3. Map of inter-annual variation of terminal frost in the
western part of the Northern Territory
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Table 2. Climatic propensity for terminal frost (d/10a) at stations in western Northland

2. LA SBE SR RFRSEMREE(d/10a)
il a5 e BEhST MHLD AR IER R B MATESER FBE B3 IR
MG E -1.8 25 -1.4 -1.7 —42 21 -16 -0.7 -35 -1.3 -0.9
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Figure 4. Map of interannual variation in frost-free periods in the
western part of the Northern Territory
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Table 3. Frost-free climatic propensity of stations in the western part of the Northern Territory (d/10a)
2 3. LB IS UL S T FEHAS &= 2= (d/10a)

ol 5 ey Je#hse B EAR OISR R B AARORR FBH 55 K
REBHE 4.9 25 35 15 43 52 27 3.2 47 22 28

3.2. FHRHIRESHh

3.2.1. BHFENREDH
JCEE VU EIWIRR 5 C I B AR, AR 2R B/ NIE BB B L E. 1989, 2012~2014 4R EFE KB,
YL Z I VIR R HEIR . 2020 4F 5 5 F M4 (14 5).

3.22. REFNRESHH
JbEE PO ER A TR 1A (E 2008~2010. 2011 4E KA A%, 1990 4F 5 thzk & F T3, 2014~2021 5 R %
#ah, I 1986~1990 4F. 2014 4F 5 &R % R ATHAH(A 6).

3.2.3. TREINET ST
JLIEVUE TG BA7E 2000~2004 4F & A4S, 1993~1998 4E 4k & T s, B Rynkmia
B, HARRY B BT, 2012 4E~2021 G5 F] 0.05 (8 KT, Z 0 R W (& 7).
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Figure 5. M-K mutation test map for early frosts in western Nor-
thern Territory
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Figure 6. M-K mutation test map for terminal frost in the west-
ern part of the Northern Territory
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Figure 7. M-K mutation test map for frost-free periods in the
western part of the Northern Territory
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3.3. FEARMIRTEERLHHE

3.3.1. #FEFREIZIE S HHHE
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Figure 8. Spatial distribution of first frosts in the western part of the
Northern Territory
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Figure 9. Spatial distribution of terminal frosts in the western part of the
Northern Territory
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Figure 10. Spatial distribution of frost-free periods in the western part of
the Northern Territory
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3.4, TR SR ESFRAFE
3.4.1. VRHKREREIERFRIHE

HRAE R iz 4 55 AR HIRE VR o R AE I 1) () Kl 43 A 4E[20] [23] [24] [25] [26], WIFE K725 R ank 4,
e R R R AR 0~7 IR, Herili SR R AEAIR B %, 2010~2021 4K A M #IE 55%: i 5446
TRIRAEAIR N 1~9 I, FerpBilhr il FUR AE SR B %, 1986~1997 47 K AL IR #454 51%.
Table 4. Early and delayed onset of first and last frosts in the western part of the northern border (frequency)
4. LEBEINY). BRFALENERE. HERFRGUR)

B BEw BRLLE AR RE ORI B MfWER FER B9F WK

FrgfEsHR 0 1 1 3 7 1 1 4 0 3 1
WMEYITEE 6 7 9 2 4 4 7 1 7 2 6
FEMRARRR 2 3 1 1 2 1 1 0 2 2 2
WA FEER 5 4 6 6 3 5 3 3 3 4 4

3.4.2. REHF &SRR ERIFE

AFRURRAERT EHER, AR B AT YIS U 6 F ™ B . ZARHRRI a5 Rk 4 (W E3R), Frig
AFRUR RSN 0~3 Ik, HA e #ive KA IR %, 1998~2009 4K A MMEZRIE 47%; fhilE 2456 VR K
AEBRUCN 3~6 K, HeA BRIl TR R ARSI B %, 1986~1997 4 KR AE MMEZR % 43%.

3.4.3. TRHEILAEREKEERISE
To R R AL B K IR 2> 45 A0 6 5, ol b Rt ImdE . B8 oA R AR AR 1~4. 2~8,

DOI: 10.12677/ccrl.2023.122024 244 SR TR


https://doi.org/10.12677/ccrl.2023.122024

H TR RIHFE 45

0~4. 1~7 K. MAKTCFEHITE 2010~2021 - R A IRER L 64%, (it ToFE A7 1998~2009 4F & A= MR 2L
51%, Mz JCRE HLE 1998~2009 4F & A [INE 2R IE 44%, %k JCFE HA7E 1986~1997 4F & A4 ML 15 52%.

Table 5. Length of frost-free period occurrence rating (frequency) in the western part of the Northern Territory
F 5. tEEBLERALEREKEFRGX)

B Jedhw  BTRabD AR SR KRR R AfmsTR FEE 505 R

ek 3 3 3 1 1 1 2 4 2 1 1

(TR 4 3 3 4 5 8 4 2 2 5 5

erE 2 3 3 2 3 1 2 0 3 2 4

i ¥E 1 3 1 4 4 3 4 7 3 2 1
4, &Eip

AR SO AT 1986~2021 FFEALFEFEEE 11 AN RIS K H AR IR EE, S-AEY). KHBH LR
IS ARAGEEAE, 45180

1) JbLEEPEEYIE AR R 0.3 d/10a, R ERAR, 1989, 2012~2014 I 4 RHEIR %, KK
$2H 0.7 d/10a, 2008~2010. 2011 fE{FFEZRAE, 1986~1990 4F. 2014 FEAM A LAY, LHEIPEK
5.0 d/10a, 2000~2004 FAFfERAR, 2012 F )5 REEFEWIN; BARMEHRTIEARYIE LR, SEN%
BRI

2) ZERAG L, VIR IR &R R AN TS, LT T R A
W ARIAA BELE IR D i s . BT AL E R ). KRR R A AR R S, AT
TEAZMIE T8 7 b 456 5 20 Mg K e 5 S5 b 3 R 3R kAT ¥ e 23 #7 o

3) ALEEVEEAE L AW AR R R E RO 0~7 1~9 ks IR DGR R R ARSI 0~3. 3~6
W WKy ke, s BRI R AN 1~4. 2~8. 0~4. 1~7 ¥k, 1986~1997 4EiyAI L b &%
GRHEAAIRT L %

E&UH
BRAEE R RIS ARG JET 2 MU0 MET S GO HAS I U1} 5 (2021D01B13).
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