Vol.19, No.6

19 6
2008 12 JOURNAL OF APPL IED METEOROLOGICAL SCIENCE December 2008
1) 2) 3) 4)
D ( , 116001) 2 ( , 100081)
3 ( , 110016)  “( , 116001)
0 , 1961 —2006 3 ,
: 46 :
1 3 1 4 , : 2
11 22 , 11 ;
20 60 21 : 21
20 80
1997 ,
[14-18]
20 2005
0.8
[23] ’ 50
[4]
,Heino ™ 20 1
‘Bonsal  !® :
(78] , 50 3 1961 —2006
, , ()
1961 —2000
[9-10]
, () )
[11-12] ( ) O
[13]
, 1967 — ,
* “ " (2005D FA 20940) “ " (2007BA C29B02)
2008-02-18 ,2008-05-23



674 19
0.05 4 21 4 15
, oo 5 16 4 12
P(- 1.685 < X-J < 1.68) = 0.90 (1) , 5 6
[1- P(- L6F < X-U <1.68)]/2=006 (2 178 220 d,
, 0.11, 184 259 d, 148 208 d;
[P(1.687 > X - >0) + 82 % 160 210 d
P(- 1.687 < X-U <-0)]/2 = 0.11 (3) 1 46 () ()
L @ P ( @.x () 1
U 1971—2000 30 o 3, 20 70
, “ 1 2,80 1, 20
- 1.6% 1.6% 60 70 1,
: 20 70 1
1961 —2006 1 4
1.6 -0 G 1.6% , 20 90
() , 1 4
1971 —2000 , 20 60
30 , , 3 ,1965,1966 2
() ,
10 20 90 1, 5
21
2 1 4
20 60 ,
3 10 9 20 90 21
—1 2 , 9 4 , 21
1 2 10 3 , 20
10 10 12 60 70 80 ,
9 27 , 2
3 8 , 20 60
1 () )
Table 1 The years with exceptional early (late) firs (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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Fig.1 The decadal variation in frequency of unusual frost eventsfor
each station over Dalian area
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Table 3 Satidical feature and linear trends of thefirst (last) frost dates during
1961 —2006 at each station
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Fig.3 The power spectrumsof first frost dates(a) and last frost dates(b) at Dalian Station,
and first frost dates(c) and frost-free periods(d) at Zhuanghe Sation
(solid lines: power spectrum; dashed lines: significance at the 0. 05 level)
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Characterigtics of First/Last Frost Date Eventsand Frost-free Period
in Dalian Area During Recent 46 Years
Wang Xiuping” Ren Guoyu” Zhao Chunyu®?  Yu Dehua’
Y (Dalian Meteorological Observatory, Dalian 116001)
2 (L aboratory for Climate Studies, National Climate Center, CMA, Beijing 100081)
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Abstract
Based on the frost index defined by the daily minimum air temperature<0 , and the method of cli-

mate diagnos s, the climatic features of thefirst/last frost dates and frost-free period changes are anal yzed
with 3 national stations data of daily minimum temperatures in Dalian area from 1961 to 2006. Results
show that thefirst frost dates are postponed , while the last frost datesoccur earlier , leading to the s gnifi-
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 thefirst/last frost datesis statis
tically sgnificant 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-
teristicsin 1960s and 1970s are that thefirst frost datescomes earlier , the last frost dates endslater so that
the frost-free period is short at each station. Thereisatrend that thefirst frost dates come later and the
last frost dates appear earlier from 1960s to 1980s. Thefirst frost dates are the latest , the last frost dates
end the earliest and thefrost-free periodisthelongest in early 1990s at Dalian station. It is notablethat ,in
the past 6 years, thefirst 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 datesfor the study areais a0 analyzed. It isfound that the frequency of extreme
early first-frost events ranges from 1 to 3 times, with Dalian station witnessng the highest value, and
Wafangdian station the lowest. The frequency of extreme late last-frost eventsisfrom 1 to 4 times, but it
isa s the highest at Dalian station and the lowest at Wafangdian station. In addition, the variability of
first frost datesindicates 2-year and 11-year cycle and that of last frost dates bears 22-year remarkable qua
S-periods at Dalian station, while thefirst frost dates and frost-free periods at Zhuanghe station have un-
dergone 11-year quas-periods during recent 46 years. The frequency of anomalousfrost eventsisthe 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.
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