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Table 1 The years with exceptional early (late) first (last) frost events in Dalian area
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Table 2 The years with earlier (later) first (last) frost events in Dalian area
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Table 3 Statistical feature and linear trends of the first (last) frost dates during

1961—2006 at each station
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Fig. 2 Change in first frost dates(a), last frost dates(h)
and frost-free periods(c) at Wafangdian station
(broken lines: yearly values; thick lines: linear trend;

dashed lines: mean value)
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Fig. 3 The power spectrums of first frost dates(a) and last frost dates(b) at Dalian Station,

and first frost dates(c) and frost-free periods(d) at Zhuanghe Station

(solid lines: power spectrum; dashed lines: significance at the 0. 05 level)

425w

D) 3 46 4F (1961—2006 4F) A8 . LR i Hi X
¥R AW G OR h R ARG VR G R R TG R R A
Ky Fas A KB, AR5 s o R
i A . RIS w FE R H R 2 5R 0k H 42 5
1 A i 2 AH T FE R I S 1) AT R B .

2) R E Y 20 t42 90 4R LLJS %) 6 5 b PR
R AFRRE RSP R EN T EER, 20 e 60
F 70 AFAR A5 3l 32 I A W) R R R R AR R A R
M TG R R 3 R . 20 T2 60 AR AR ] 80 4EAY
WIFR R HIAA B AR IR VA FE %R H I AN B2 R 1
B, R 90 A 78 VR BEAT 5 I 4 H0 R 25 R
et ERR R IS . T 6 AFESK L BC B 0 R )
5T AEAC L0 76 vk B 1R 15 e i 55 VR 45 R
1585 T TG R VR 0 e I, T RO ) R R O AR
Vi H 30 F0 TG R VR W AE 22 4 7 Y (BB 3 i 3

3) iR FE RS R 1~3 LB KR
HERNERZE ., WA FRVRFA R AEWIECH 1~4 1K,
FLs IR /b K de £ T AR 7 28 78 o 35 0 B R G%
R EAL, EAE 20 el 90 AR B 1 Wk BLBE S
ST BT 21 LR 6 EN A S RZE . BB
Ji A HB B A R TG AR R D (E R TG R VR B
W Z .38 4 e 21 229,

4) SH R UR RO R W G 20 42 60 4

O BRI B b 22, 21 W22 ) e b, HLOK B ol 5
LFR VR IROZ AR S . T E B3 5 21 2840 H B
R i % . 20 Tih 22 80 4FAUR .

5) R B H) 2R VR H YT T 3l 1) 400 R R
AR R A7 A 0 3 B R . b R ol )
FRUR HO R 235 R0 O 2 4R 1T AR WA RR TR H
WA 2 35 R D 22 AR A A s IRk (4 0 A R H I
To R R 11 AR 20 4 1) 2 3% R 00

2 % x #f

[1] TIPCC. Climate Change:Science Basis. Cambridge:Cambridge
University Press,2007.

(2] JEEFAEFE . 4 5 FE R OR AL B B 0T <
1615 FRBEF 5T - 2005, 10 (4) :791-798.

3] T—ILATEE . A K. % KB AEZ RS
FE] A0 A AR B 7 B A oKt e (R A ). M A8 AL BT 5 3 e
2006,2(1):3-8.

(4] EEE.HREGE.P) T I8 50 4F b E M 32 <00 28 1k 1 i
255 SR S IR BRI . 2005,10 (4) 5717-727.

[5] Heino R,Brazdil R, Forland R, et al. Progress in the study
of climate extremes in Northern and Central Europe. Climat-
ic Change ,1999,42.151-181.

[6] Bonsal B R,Zhang X, Vincent L. A, et al. Characteristics of
daily and extreme temperature over Canada. J Climate ,2001,
14:1959-1976.

[7] Easterling D R. Recent changes in frost days and the frost-
free season in the United States. Bull Amer Meteor Soc,
2002,83:1327-1332.

(8]  Thil . v I 7t X 46 vk H 1% 28 16 55 DX 3 W2 A B DG &R 3t
H2A R, 2003, 58 ) :31-37.



678 Mo R % ¥ #t 19 %

090 %, o3k, MEE AT LT AP WA 40 4F 8 1) T AT, K4 FAEY) 2004, 24(4) ;225-227.

2006,9(9) :84-89. [15]  JE/NI . B A7 5, 2558 45 3R AR IR A5 1 F L A T3
[10]  #:Z, 1w 3. i 40 4ERLEY 56 A8 10 1 B RRAE 43 B7. AR FRAE R ZE AL, B 54 ,2005,26(5) : 823-828.

2 42,1999,8(3) :379-383. [16] XU, sRMEAE JRIWE 25 BRie Tl 5i 45 4R S 2R AW RRIE A0 . <
[11]  BRkES BB 75, 5k 2. 3T 40 48 3k [ S A% A8 1 w0 45 43 Br. £,2006,32 (5):99-104.

AR Z ¥R, 1991.2(2) :164-173. (177 bt o, K. 2B 0 V048 TG A 0 09 M AR k. K4, 1998, 24
[12] R I 40 4F 30 B W 48 28 1R AE. B A4 2 i (1) :25-30.

1994,5(1):119-123. (18] ILAER, B3R 24, %, MR UEH X ) V& 56 05 H 23 fii 4
[13] W7o WL BR 75 R 2R b #tb X 40 30 R 1 K IR . 4, RUBESE. AR A4 R 2% 241 . 2000, 31(2) : 129-136.

1999,25(6) :13-18. [19]  BR%Z4 5Kk L. Aedb 5% 90 2 36 IR U R IE DR 9. B AR K
[14]  F R, (EAR BT ML IX 50 AFHT &6 B K JC 6 WY 28 (bl 3. 24 F L 1995,4(2) :33-39.

Characteristics of First/Last Frost Date Events and Frost-free Period
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Abstract

Based on the frost index defined by the daily minimum air temperature<CO C, and the method of cli-
mate diagnosis, the climatic features of the first/last frost dates and frost-free period changes are analyzed
with 3 national stations data of daily minimum temperatures in Dalian area from 1961 to 2006. Results
show that the first frost dates are postponed, while the last frost dates occur earlier, leading to the signifi-
cant lengthening of frost-free periods at both Dalian and Wafangdian stations during recent 46 years, with
the change being more significant at Wafangdian station. The tendency of the first/last frost dates is statis-
tically significant at Dalian and Wafangdian stations, but it is not for Zhuanghe station, though the in-
crease in frost-free periods at the station can still pass the confidence test. On the other hand, the charac-
teristics in 1960s and 1970s are that the first frost dates comes earlier, the last frost dates ends later so that
the frost-free period is short at each station. There is a trend that the first frost dates come later and the
last frost dates appear earlier from 1960s to 1980s. The first frost dates are the latest, the last frost dates
end the earliest and the frost-free period is the longest in early 1990s at Dalian station. It is notable that, in
the past 6 years, the first frost dates appear much later and the last frost dates end much earlier at Wafang-
dian and Zhuanghe stations, but the dates tend to be stable near the normal values at Dalian station. The
change of extreme frost dates for the study area is also analyzed. It is found that the frequency of extreme
early first-frost events ranges from 1 to 3 times, with Dalian station witnessing the highest value, and
Wafangdian station the lowest. The frequency of extreme late last-frost events is from 1 to 4 times, but it
is also the highest at Dalian station and the lowest at Wafangdian station. In addition, the variability of
first frost dates indicates 2-year and 11-year cycle and that of last frost dates bears 22-year remarkable qua-
si-periods at Dalian station, while the first frost dates and frost-free periods at Zhuanghe station have un-
dergone 11-year quasi-periods during recent 46 years. The frequency of anomalous frost events is the high-
est in 1960s at Dalian and Zhuanghe stations, and the lowest in early 21 century, but it is the highest in
early 21 century and the lowest in 1980s at Wafangdian station.

Key words: Dalian area; first frost date; last frost date; frost-free period



