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Abstract

Based on the observation data of the first frost date, the last frost date and the frost-free days at
Duyun National meteorological stations from 1971 to 2018, linear regression method, Mann-Kendall
mutation test method, and moving T test method are used to analyze the change characteristics of
the first and last frost date and frost-free days in Duyun, and some measures to prevent frost are
proposed. The results show that in the past 48 years, the first frost date sequence in Duyun has been
significantly delayed at a rate of 6.67 d/10a, the final frost day sequence has been delayed at a rate of
0.50 d/10a, and the frost-free days have been delayed by 7.52 d/10a, which shows a significant pro-
longed trend. The mutation analysis indicates that there were mutations in the first frost date, last
frost date and frost-free days in Duyun; Frost disasters often cause serious damages to crops and
human health. Therefore, methods such as covering, smoking, or spraying appropriate amounts of
chemical reagents should be adopted timely to effectively prevent frost. At the same time, public
must pay attention to the wind to keep warm, and add clothing in time to ensure their own health
and safety when a frost disaster occurs.

Keywords

First Frost Day, Last Frost Day, Frost Free Period, Feature Analysis, Prevention Frost

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

FETR MR ALMEMEA K R B R T R . MRERRERT oCm b IMEDEE1]. 56
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AN E KA Rk 1971~2018 41T 48 AEHINBTRISE T 1997 4E, 2011 4. 2018 AR H LA -
EHEYERR, AT 11 B L HBEFEN 1, 11 32 HHFEE N 2, KK, #ilin, 2017 4]
FHAN 1L A 27 H, WZEMGVIFHEG BB RN 27; 2018 41 H A 12 A 19 H, WHZEG 915 H i H
JF949. fETHREAFRHN, kK 11 1 HHEFEAR 1, W 2017 FLFEH N 11 H 27 H, WHEZFER2%
FHMHF RN 27; 2018 FA&FEHN3 H 10 H, MZENLFEHMHTN 131,

3. ¥, ERHNTELHES
3.1. ¥17E BB LAFE
3.1.1. SFARPREFFEER 1)

Table 1. Statistics of first frost days in Duyun City from 1971 to 2018
1. #45I™ 1971-2018 S HEEit

iS4 544 Fy
17 Bt
HF(d) H i HF(d) H it HF(d) H #
1971~1980 15 11 A15H 43 12A13H 26 11 H26H
1981~1990 11 11A11H 45 12A15H 33 12A3H
1991~2000 2 11H2H 69 1H8H 33 12H3H
2001~2010 22 11 H22 H 101 2H9H 51 12 H21 H
2011~2018 27 11 H27H 99 2H7H 52 12H22H

X SRR HIEAT X Ll 0L, SRR HI B 11 Ay, KA HFPRAN N 2d, HIE 11 H 2
H, & KN27d, HIAE 11 A 27 Hy &MVIFEHE 12 . 1 A2 AW¥E 54, Kb P RAMEN
43 d, HEIFE 12 A 13 H, wKXEN101d, HITE2 A9 H. WEREBNRE, 20 e 70 FACERATH
SRR B, CPEIHBIN 11 A 26 H. 20 4 80~90 EACTFIMIFE HARFFMIX RE, “F¥IH AN 12
H3H, 570 F0MLt, FEEBEIHE. 3 21 L UokRES YR H W SR .

3.1.2. FFRITAFE

S 2 APE(HIF)  y=0.6693x+22.102
— R?=0.1994

Figure 1. Analysis of daily variation characteristics of the first frost in Duyun
City from 1971 to 2018 (Unit: d)
& 1. 1971~2018 S & A H¥)7E HEHHES M (BLL: d)
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R A T #IE H B PR PR, B 1991 2 JG# A Hi4I5E H H PR I H 83 2 AR AR b Bk S,
T 48 FESRE AT WIFE H H P LA 6.6693 d/10a IR & — MRS, RFEHFRN2d4d 01 A2 H), H
UAE 1993 4 BEHF AN 101d (2 A 9 H), HILTE 2003 £, HFES5HKEMHFZEBZEEN 99 d.

3.2. 278 HEVZEILAHE
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Table 2. Statistics of final frost days in Duyun City from 1971 to 2018
5= 2. #E™H 1971~2018 FELFE RS

B B Ty
) B
HF(d) H i H 7 (d) H i H 7 (d) H

1971~1980 66 1H5H 149 3H28H 98 2H6H
1981~1990 58 12 H 28 H 127 3H6 H 91 1H30H
1991~2000 60 12 H30H 130 3H10H 92 1H31H
2001~2010 90 1H29H 130 3H10H 109 2H17H
2011~2018 27 11 H27H 131 3H10H 91 1H30H

WAL HBATX AT W, RSP LFEHEEHUA 11 BE 1 A, P HFERNN 58, HEL
1E 12 H 28 H, & KA 90d, HILTE 1 H 29 H; mMp2esE H EZEF7E 3 A, Kb HF&R/AMER 91 d,
HWILZE 1 H 30 H, &KMEN109d, HIFE2 A 17 H. MEFREBURE, 20 thad 70 FAF45E HAH
XM, HILTE 2 H 6 Hi 20 42 80~90 AR HRFFEN A E, 5 70 FARHLL, FHLEHAH
PEAT. 21 iy 10 F-FH4E HEmE, HIMAE2 A 17 H, 3 2011~2018 F-FIZ4 56 H XA I .
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Figure 2. Variation characteristics analysis of Duyun City’s Final frost Days
from 1971 to 2018 (Unit: d)

& 2. 1971~2018 FEEB A H A TR BT WAFESr(BRAL: d)
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HS5H. i EE 2R, 1971~2018 F&BAI T 4456 H H P ARARX P& . BRI S, I 48 FERA I
FHHFLL 0.497 d/10a Fi# 22— @ MR &S, &5 HF 8 27d 01 H 27 H), HILE 2016 45 5
HF A 149d (3 H 28 H), HILE 1973 &, PS5 HP 2B EEAN 122 d
3.3. TR
3.3.1. SFRERTHHHE

Table 3. Statistics of Frost-free period of Duyun City from 1971 to 2018 (Unit: d)
= 3. #5™H 1971~2018 £ L FBHIGH(BAAL: d)

I 1] B $245) K 15
1971~1980 217 323 279
1981~1990 269 345 311
1991~2000 242 346 309
2001~2010 276 336 300
2011~2018 273 352 322

WEHBLT, MEVEGHSLHEHNEBN, RS RE—ERERNEL. X 1971~2018 F£5%
RIS TR KT R AEAT a3 B3 3. B k3 3 WL, RREE K 352 d,
HIELAE 2011~2018 4F; 1971~1980 SETLFEMARSE, N 217 d, WEZIEMZE 135 do HSFEARTHE BN
BIERT L, 20 Al 70 FARTCRE MR, T 2011~2018 FFTCFE A K .

3.3.2. fEBRIEMLHFE

y=0.7515x+285.13
3 R, &I (G R2=0.1128

Figure 3. Annual change chart of Duyun City in frost-free period from 1971
t0 2018
& 3.1971~2018 SFE S T R BRI FR L LE

FGiit, 1971~2018 FHR A -GN 303.5d. HI L& 3 AL, 3T 48 43k, # 51T ok ITE
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i, N 352d; 1976 ST IRFELN (A ik, O 217 d.
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Figure 4. M-K curve and sliding T-test curve on the first frost days of Duyun City from 1971 to 2018
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Figure 5. M-K curve and sliding T in the final frost days of Duyun City from 1971 to 2018
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Figure 6. M-K curve and sliding T-test curve during frost-free period of Duyun City from 1971 to 2018
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