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Abstract

Using the data of the minimum temperature from 1961 to 2019 and the survey data of cryogenic
injury from four national meteorological stations in Hami with mathematical statistics and Morlet
wavelet analysis, the change characteristics of the first frost, the last frost and the frost-free period
were analyzed. The results showed that the absolute change rate of first frost was higher than that
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of last frost, so the last frost is more harmful to farming and animal husbandry. In the whole city
and all four stations, the first frost showed a trend of delay, the last frost showed a trend of ad-
vance, and the frost-free period showed a trend of extension, among which Balikun and Naomaohu
had the most significant changes. Frost-free periods have their own cycle variation characteristics,
but also a common existence, the frost-free in a relatively time at present. The occurrence fre-
quency of the latest first frost is only 1.7 - 5.1%, and the occurrence frequency of the arliest first
frost is nearly 2 times that of the latest last frost. The frequency of later last frost and earlier first
frost ranged from 10.2 to 18.6%, both of which mainly appeared before the 1990 s.
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PAH R < O°CCIE AR VR TR AR, I iy AT AR IER 4 D E ST G ub(in . SR
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Figure 1. Distribution and terrain map of meteorological stations in Hami
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KL EHEXIYIFEH - 26768 HAJCHE 9 bR B AT /00, I Pearson AH G/ BT i 6 56 34
M. BT RE R DO KR AT 5 R A A 2 VR 1 —Fhoic 35, DR e TR SOl — R R IR 4y
ARRFAE , R IS 70 A R EEEAT W] SRR VR IK 578 /R F A 70T [8] - “ e 7 FR VR MR AE N : ATd < —~1.650
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3. AT IFE
3.1. BENERFE

1961~2019 “FmyH Wi~FHLFEH 4 A 25 H, Ko fNX h4 A 11 H, BHEMAN5 16 H, HE
M5 H19H, wmEBHNA4H8H, AT R AR X FIFERSS R 5, B R = FE R0 0 2858 H & it
IR, I XX A XHEE —AN H s P3408E B XA X B 5, WIRE H R I B 5 i e BE )
Rnmignr, FNKCEXPIEEH N 10 A 15 H, EEMN9 H 13 H, AEHN9H 20 H, #EWN 10 A
16 H. wEMFLENRK, 7190 d, MRk, H185d, EEMLFETHES M 119 d #
136 d (¥ 1).

i 59a % B . R F AR BRIE] 25 508 46~66 d. Hih B B AR IR A oK, f B4R H Pl
4H 14 H, mMAH6H 19 H; FE. WEMRE, &5 &EAFEH 2 5IFH2% 56 d 155 d; XA
MEH/DN, BPAFHN3IH 2L H, &5 H 6 Ho SRX . &GV H KRR Z 78 45~61d,
L XA X AR MR K, 2 A X AR R e/

2 1A, A K& &l R DN ARE H AR K TR H, UHARE PR Rz, Fhx
ZERBNR, KRG IANAEF= G ERTHIFRER]. E R TR AL AT R IR, 1B AR SR
AR, AR RA SR BN X TCRR 4a % AR 2 fe /)y, ] ) FH # s A o 30T
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Table 1. Characteristics of frost in the Hami from 1961 to 2019
5% 1. 1961~2019 M E T IR A SIRIFIE

S AFEHA-H) HIFEHH-H) ToFE M
TR R T gtk BRSO R T goilik B RK T b
e 321 56 411 9.15 9-29  10-30  10-15 6.83 154 219 185 10.34
EEM 414 619 516 9.59 8-26  10-6 9-13 9.47 82 160 119 15.41
B 4-6 6-1 519 9.15 831 10-18  9-20 8.39 106 176 136 13.03
WEW 313 57 4-8 9.49 927 114  10-16 8.36 149 226 190 13.03
£ 329 523 425 9.35 9-12  10-22 10-1 8.26 123 195 158 12.95

3.2. FRERAILEFREALHHIE

MHGEE T 59a HI(2%)FE VR H A TC AR R AR B AR At 26 B (15 2) T 21, A i 004G o H 00538 A At ) 26
791.97 d/10a, RHEEES 55K H A&, SRR 2 5-1.96 d/10a; LR HIHEEKES,
SAEEAAR 2 3.93 d/10a. CREIAHHUE E T, AR TIIEDE KK E ZRETIRFM EKAE
YA, SR AN ARG BRI RE X 38T B AR 1) B gk X IEHE T i o IR AR KR AT,
AKREEEMR, EKEGERE, =R S R n[L0].
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Figure 2. Annual curve of first (last) frost and frost-free days in Hami from 1961 to 2019
2. MyEET 1961~2019 F (2B FB R IR F B FFRE (Lihzk

T2, MBERYIEGH. SFRGHIRAESCHE SR, ERREYVEGH. KEGEHEESL
FEIAIEK: . 3T 59a SRems a5 T & 255 H AT 7 0.6~2.8 d/10a, #J#E HHEIE T 0.1~3.7 d/10a, 3y Hih,
BB RO R, Wi T 0.01 KR EMEAL: GREIHEK T 0.7-6.6 d/10a, EHMH, HEEBIEKE
B, ¥YiEid 7 0.01 MR, FHHX K, @it T 0.05 MR E R

Table 2. Frost climate tendency rate in Hami from 1961 to 2019
7= 2.1961~2019 F I &M FEF SR MR

i A KFEHH WIFE R H ToFE

% -1.7 0.8 25
£ L -2.8" 37" 6.6"

HE -0.6 0.1 0.7
1B -2.7" 33" 6.0"

T TFoRiE 0,05 R EERT, THRRIE 0.01 S E AR .
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Figure 3. Real part of Morlet wavelet coefficient in frost-free period
3. MEM M ITEH Morlet /JVE R SR

PN X TEAE IAAAE 4~5a F1 10a FIARAL, e 4~5a (/0N IR 5 AL o B B LA A3 M s
fiE o X Ri/NBET 22 (WS ) iT 401, 4~5a NEs 1 A, 10a ARE M. fE 10a 245 e R EE E, X E
BRI FEE T “m-K-8-K-8-K” 0e8EE, R LENFE 7-8a, 25a~27a [
WAk, Horp 7~8a 3 EAE 20 {4 70 FACHHIE 21 HLYIRAWIE, AE 25a~27a (RS R E B, 4
T “K -8 -K -5 - K7 R0 BEE. FHE R R B30 15~17a (A 12816, 7E 20 2 80 24K
WIZE 21 et 10 FERF T ANHE, EEMFFIIEELD T “K -5 - K-8 - K7 HeEgEL. HE
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4. FHERIFREHHE

% 3 T 1961~2019 fEMGE T R AR FIFHIA AN L. /21X 59, ETTRIARE R K
MBI, RAEFRN 1.7%~5.1%, R PR R AR EDFONFFIE 4R URIE 2 £%, JUDAE Bk
LEMRE, 15 10.2%.

i B 2 76 VR R A AR A E 8~10a 2 18], K ARSI AE 13.6%~16.9%, % HBLAE 20 {HE40 70 % 80 £EAX,
i 10a A HH I s BRIt Bl A, oAt X SR R AR AR I AR T G 2% R 7 , A AR PR AE 10.2%~13.6%,
17138 6 T A A0 R VR R R AR s 18.6% . i ARG R St IAE 20 22 90 ARARZ A, L5 I 24 6 VR
RAER — .

Table 3. The year and frequency of abnormal frost in Hami nearly 59 years
& 3. 1 59 MET & i 2 R B R A LI B ISR
A TR IR
e Pl L (Le

1963, 1968, 1977, 1983, 1984, 1986,
1998, 1999, 2001, 2014 (16.9)

i

1961, 1962, 1973, 1974,

M 1979, 1991 (3.4) 1984, 1992 (10.2)

1969, 2004, 2015 (5.1)

. 1966, 1972, 1974, 1975, 1978, 1979, 1965, 1969, 1972, 1973, 1963, 1967, 1970, 1976, 1979, 1981,

BEH - 1961,1971, 1980 (5.1) 1981, 1988, 2009 (15.3) 1978, 1984 (10.2) 1986, 1996 (13.6)

1970, 1976, 1979, 1993, 1994, 1995,
1998, 2007, 2016, 2019 (16.9)

1968, 1985, 1986, 1992, 1994, 2006,

.
5 1961(1.7) 2009, 2011 (13.6)

1963,1972 (3.4)

1963, 1968, 1976, 1977, 1984, 1986,
1998, 2008 (13.6)

1961, 1962, 1963, 1964, 1970, 1972,

B 1962,1983 (34) 1973, 1974, 1978, 1981, 1992 (18.6)

1967, 1968, 1969 (5.1)

e 35 WA RAEE%).

5. &R

(1) 1961~2019 4FrG & P48 Hov 10 A 12 H, P4 FEH N 4 A 25 H, “F¥IEE RN 158 d.
BARRIUNBEE R SN, &5 HZWiHER . WIF HIZHias.

(2) iE 59, AT A& VIR RS, KEHRERIES, THEEHEELES . SHhRE
H#&#07 0.6~2.8 d/10a, #J7E H#fER 0.1~3.7 d/10a, JofEHI%EK 0.7~6.6 d/10a, #5JLLELHLIH ., J5iE 148 ki
NEZE.

(3) FHbTERE A HECE % E W B AHFAE, (HE I EAEAE, TS TE R/ HA 8 40 T K e 1

(4) FEE TR 2GR R AR b, AN 1.7%~5.1%, K FA)RE VR K A2 505 9 R 24 R VR
L 2 f%. IMMEATER K AERFARFE 8~10a I8, KAEMZFELE 13.6%~16.9%, M F-HIME K AESZEHN
10.2%~18.6%, P& ¥ FEEHIALE 20 2l 90 FFAZ AT .
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