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Abstract
Using the data of the first frost, last frost dates and the frost-free period from 1961 to 2018 in the
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three-county station of Liupanshui, the linear tendency estimation method and Mann-Kendall test
were used to analyze the climatic characteristics and changing trend. The analysis shows that the
spatial distribution of the first frost dates in Liupanshui is gradually advanced from east to west
and north, the final frost dates are gradually delayed from east to west and north, and the
frost-free period is gradually reduced from east to west and north. The average first frost date was
November 30, showing a trend of delay, and the linear trend rate was 2 d/10a. The average final
frost date was February 22, showing an advanced trend, and the linear trend rate was -3.5 d/10a.
The average frost-free period is 282 d, showing an increasing trend, and the linear trend rate is 2.7
d/10a. The early to late mutation occurred on the first frost date around 1994, and the late to ear-
ly mutation occurred on the last frost date around 1992.
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1. 5l

AR IR - 2003 Fi CHUTT T RMIMATEY [1]-RREFE HIE S KA T A3t i ) 1L e
TR A A BRI UK & B R IRSS T UK Bk . RRIEHE HIEERK. & BN, BAER RN
B RG5E E— BB — R ARERIRE H, mitEF B e — RN SR,
MEFE H 208 H BRI, Bt e SR EEARKES. BRI hmfEE TR 0C
PUR, ARAEs I i Lkt i) —F A 0Kl JRAKON R R — TN H LIRS 5k T B
B, AR HTE (S0 ) AR L R AR T BRI ARAE A IR AT, RAFVE R A ERIR . HIER A —EH
R, HRGMA—EARE, BOA LU R RO R . AR LI B ). 258 H & TERE
AL, R GO I A A TR R A A SR

B NI GEEE R FRAE R AT T2 IT. SRLLIRAR[2]WE T 1 1960~2013 4F 5t JH /& 1k H Kt 4
AL, 13 SRR HECE T %S, r s A4 2 5 2R ok H BB, e R e e e 2 (1
45k, PRFSE[BMBA MRS 8. (LPH[4] [5]. H R [6]AI TGRS X AN i O 7R U B G U AR ALt
AT THETE; BN TEE[T1 0T 1 RS I 56 SFJoAE AR ALARAL; 30 28 W IR E R T 76 R SEOURAIE J2
XA IR I NAE T 734 [8]. ANEKHAMEK A e b IX, A Pa 78, dbmrg ik, FEX A2 i
B & PELHEZ D IEERN, W RS, ST LML XA . AR
(91K AN AK — IR HG R R REREAT 10, JFen i BTG . (EAE 223 X /N B K T G B SRR HE
BRI o ARSI SRR Tl ORI BORE, XK I 58 4R47). 2458 H A AE I =22
WAREHBEAT N, DR RO, femm R, BurRERS Rt —E2%.

2. BERLETE

MRAE AT 3 Dokl 1961~2018 £E4). 248 H AR HIRES WM TR, @4yl 458 H a5
HiF 2019 4 1 A 1 HESHAT AL, M HIE RAESL, 2018 FI045E H Ak, 28 HE M
PORHA B 2017 . NEE RN IE EFETCH, ETHERIE) M BN, e AR A .
T 3wl SR P A AR S AR R, SRA 3wl (8] 41 (8 RSP I B AR 7S B K T B AR I (8] 7 41)
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o itk Y. &5 BT YA RE, 2w itk o R, A
Mann-Kendall #3650 #T0]. 2¢55 H 1 RAZRHE .

3. BRI
3.1 ANEKTHH]. BEBREEIAZE I

ANEKY)S A5E BREE IS A RN ER . B 1 arE, SEUKPIRE H S oA
AR (/N A) 1) 78 (M) [y AL OK3) B i 1, & E 29 PIWIFE A4 11 14 HE 12 A 18 HJa], 7Kk
IR TR R, 7S HR IR AR (] S o 7S 387K 28 5 I 119 23 (B) 40 A 2 ER 2R m) 78 ) B it fe . B 2 4R
SPIZAFEHAE L H 28 HAE 3 H 19 HZ W], FSAEE A a5 5, KRGS R [a] e . AR S 2%
SR TERE BATE 239 d (K3H)~322 d (75 4%). AE-F¥HE HAE 6.5d (7545)~19.0 d (KI). X EL7S 87K 5
(] 734 575 B K (26 AR R P o A vl 0, i ks, WIREH SR, &FEHEE, ORI
Fi, Rz, SEEFNERACKIH TS, IR A, ZEHE, TR,

Table 1. Statistics of the first and last frost days and frost-free period in Liupanshui

F 1 REBAKHHY AREHRELEHSRIHE

¥ H T4 H 4 TE R N EFE5E Hid
K 11 H14H 3H19H 239 19.0
FM 12H1H 2H17H 286 12.2
Ay 12 A 18 H 1H28H 322 6.5
ANEK T 11 H30H 2H22H 282 12.6

3.2. REKTHHIFE B BAHHIE

NI S8 ETFHWIAEH N 1L A 30 H, ®EN11 H 2 H, &M 1 H 30 H(# 2), RUNEKK
WG HH 8 B R . Herh i A 4078 B R FIAE 1986 4F 9 F 21 H(KIR), S IHm41/ H A 2004
2 H 14 HONBY) . ANEKFIYIFE B P A4t AR %08 12.77 d, ArdEZ~ 16.86 d, TLBHIL 58 4F
I/ H AR 2 e k. MEEARBRFHA7, 20 40 60. 80 A1 90 EA Vw1 HAMLE /N, 1 70
FEARPRBICAE, F¥N11 A 19 H, BT E U RIRAT, 2000 4 LUG KRBT L 2 47
KUY RAHE G  ANELZKGE 58 SEWIRE H AFEFRA#aSs (1 1) T &0, /N EK T 58 AE IR H e A R4 5,
LEMEM I RN 2.0 d/10a, {HRR LA REE.

Table 2. Characteristic values of first frost days in Liupanshui during 1961~2018
= 2. N#okh 1961~2018 £ 78 H4FEE

i B B 54 R PR AR AR bRt ZEld
1961~1970 4 11H9H 127 19H 12A2H 7.59 11.10
1971~1980 4 11H2H 12715 H 11HA19H 10.84 14.10
1981~1990 4 1 718H 12711H 117 28 H 7.00 8.40
1991~2000 4 11HA8H 12 31H 11 A 30H 15.45 18.58
2001~2010 4 11A9H 1H30H 127 9H 18.95 25.62
2011~2018 4 11A1LH 12426 H 12A5H 9.87 13.79
1961~2018 4 11HA2H 1H30H 11A30H 12.77 16.86
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Figure 1. Interannual variation trend of first frost days in Liupanshui from 1961 to 2018
1. 7587k 1961~2018 FE#78 BRI (L #as

—e— W H  ---- ZETE —— & ()

y=0.2012x + 329
R% =0.0405

3.3. AREKTARREHTFIE

ANEK ST HEEAGEH N2 H 22 H, 581 H 10 H, &N 4 A 4 H(EER 3), Hb e ilm s
FaH N 1979 4 11 A 28 H(7SEY), EMitkim4ess H v 1980 4 5 H 27 HKIK). 4x1i~F345E H it iE 7
FI4ax A%k 15.82 d, FrfEZE 19.65d, 246 HIERR R 2 7 LhylsE e &, fetiz. M
F 3 A, FAEARP A A R AR E Z #/E 10 d LA, o 20 42 70~80 SEARLEC AR E. M
FRIRENE, 20 D 60~70 AT R H R Z 4T3 H G e o, 20 t4d 80 A0 21 el
ICERES A AT, 2011 SELUSHERTIAE, FHHBIA 2 A 11 H. ANE/KITL 57 475 H 20 2T
(1 2), ZetkMim#-3.5 d/10a, $&RTHE SRR E (@ 0.05 B35 KAL)

3.4. REIKTHFFERAZE W

NFLIK 58 SEMIFHI LA AN 282d, /N 230d, E N 334d (£ 4), HAHRELEA 1972 4F
[ 157 d (K3K), FKTEFEHAN 1964 £, 1966 A=, 1968 4E. 1970 £4E. 1991 4. 2005 4E/NH% 365 d([H4:
366 d). & Ti-FHITCREAFAIAXN AR N 17.9d, FrifEZEH 22.26d, JToREIHMFFRASL AR 72 R AR,
ez . MWERPRERNE, 20 2 60 FAANRIE L, 70 FAKZ F-FW Rk, 10y 263d, 90
FARLLG oA I 2 . 7N H/KIE 58 fEJo ik AR 218 e 34 (51 3), Aihia % 2.7 d/10a,
HRBNEHANRE.

Table 3. Characteristic values of last frost days in Liupanshui during 1961~2017
3. £k 1961~2017 £E48 78 HYFME(E

i B B 54 R PR AR AR bRt ZEld
1961~1970 4 2HA5H 3H30H 3A1H 12.99 15.87
1971~1980 4F 1H24H 3H30H 3AL1H 18.37 22.60
1981~1990 4 1H12H 4740 2H20H 20.17 25.08
1991~2000 4 1H10H 3A12H 27181 14.98 18.98
2001~2010 4 1H31H 3A14H 2H22H 11.70 13.71
2011~2017 4 1713 H 3A1H 2H11H 13.97 17.78
1961~2017 4 1H10H 4H4H 2H22H 15.82 19.65
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Figure 2. Interannual variation trend of last frost days in Liupanshui from 1961 to 2017
B 2. Nk 1961~2017 &R HAEMRT (e
Table 4. Characteristic values of frost-free period in Liupanshui during 1961~2018
4. NIk 1961~2018 £ T 7B HA4FAE(E
i B b &2 1 REE R ES brifEZEld
1961~1970 4F 274 310 289 11.23 13.16
1971~1980 4 230 291 263 22.80 19.97
1981~1990 4£ 240 310 279 21.03 25.26
1991~2000 4£ 253 313 285 12.47 16.97
2001~2010 4 239 334 284 22.10 28.09
2011~2018 4£ 273 320 297 17.67 14.06
1961~2018 4F 230 334 282 17.90 22.26
30 ¢ —e— - - - - BT LR1E (R y=0270x+274.2
R? = 0.042
330
o Me
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Figure 3. Interannual variation trend of frost-free period in Liupanshui from 1961 to 2018
[ 3. 758K 1961~2018 F L FRHAEFR T ILiES

3.5. #7E HRELHESH

ALK THHIFE H Y Mann-Kendall 28728165645 5 SR (18] 4), 5] 3 41 (K Rk 41 (B S22k UF) 5 g
2B (UB)TE 1994 AT HAS, HAZMAS BALT 95% /K EEMXIAZ N, RF/SNEKTTIVYIFE HTE 1994

EHI G AL T IR RAS,  RIWIRR 300 0 57 1 O G ) AL
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Figure 4. Mutational change curve of first frost days in Liupanshui from 1961 to 2017
B 4. 737k 1961~2017 F#)7E AR T hzk

3.6. 278 HREHHESH

A5 H I M-K K56 45 e (5] 5), UF 285 UB 2R MRS s T 1992 4E /e 47, AHAS Ailid 7 95%
IKOPAE B I BB VEAG TG, BN ALK T (U256 HAE 20 20 90 4RI 1 i Aw ik [ 5 (R 5848 . 1
AT R T /S8R AT /R B BN mig, 104 AR iR F, SECCHEINE . XMRRES 20
40 90 FARTELERABHRMY 2 N KA RILH KA ERRR AT S E ARRIRE LAz AR —%
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Figure 5. Mutational change curve of last frost days in Liupanshui from 1961 to 2017
B 5. &k 1961~2017 SR 78 AR EhL:

4. INGG

HIL_ BT AT LA Y, 20 R4 60 4RACHT. 2458 H AR ALV, SOl 245735 70 SEAAHIHE
HWLRIRAT, 2 s, SEOCHIINIE MM 20 4D 80 A% 21 4, I H 258
s, 2R HHEIE 2 - ua Frient, TR MBI 2011 sELL S VIR HHEfG, 206 DT, 7.
BRI 2 . XAEARR RS S ERRARIR T A K, Rl R EE EBUF R URR L &
2 (IPCC)ER 4 il it 5t 20 tHEAD 90 A LISR A BRALHR M L WIS I3k, 1850 £F LISK iR 12 a Ay
11 a HPUAE 1995~2006 . & HRUL, ANEKTWIR H 2HEE@%, &R H2RmES, CRNEES
. RERZEEFHIIY. L5060 R Tm I URR eSS 18— 2.
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