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ABSTRACT

There is a growing concern about the possible increase in inter-annual variation of minimum
temperature during the winter season in Korea. This view is strengthened by frequently reported
freezing injury to dormant fruit trees, while warmer winters have prevailed recently. The January
minimum temperature record at fourteen weather stations was analyzed for 1951-2000. The results
showed no evidence of increasing standard deviation at 3 locations between 1951-1980 and 1971-2000,
while the remaining 11 stations showed a trend of decreasing standard deviation for the two periods.
An empirical model explaining the spatial variation of the standard deviation was derived by
regression analysis of 56 stations’ data for 1971-2000. Daily minimum temperature and the site
elevation may account for 68% of the observed variations. We applied this model to restore the
average standard deviation of the January minimum temperature for 1971-2000, and the result was
used to produce gridded minimum temperature data for the recurrence interval of 10 and 30 years at
250m resolution. A digital form of the plant hardiness zone map may be developed from this product
for site-specific selection of adapted plant species.

Key words : Global warming, Warm winter, Inter-annual variation, Fruit dormancy

LM o 71§13l 71l
AR 4 2 Jl7) miEeln. d¢ ol B
FHEU e WEAdo] mikg ZARE Agold  IAEH UEAdS

o]
o2 oS Hak A WEAel w2

sk viE Fus i e

28] AN s ek F9lel
= 318 U e glome, AL sles]
oPh A% TE oldF HRd FFl WeA

T AEo] 7153IATE Bl AR ET) §0CE FAF
<31 Howell and Weiser, 1970). 2L o= &3l
BEe F Ay BEREEZEL A{7IHE FHs)

Corresponding Author : Uran Chung (agmet@ whitemail.com)

2 YsAL 239y Bo)E o#t). AxE L%
Hol7} At Hultse] dlxd SHaolA] AlulE]
o} Yake] HZ=o} t&Z “Siberian C't= 2.35|8 v



236 Korean Journal of Agricultural and Forest Meteorology, Vol. 6, No. 4

Z9] “Boone County™*} “Bailey”®.C} Fajjoll Feks}
ThFaust, 1989). 3 5= ALH 7]20] -33°C0]
Al 4oecel] gehs T AR ko @Al ulsssh
A2 FL Myt ERAMeME At 7FsstA
oh o wEssk g FRAMINE Aulvt BrFs
3t} & olg HEHEEY] UisAe FHe Zold 9
E3leg A7ke] 2319 IMe| FRS A ges)
(de-acclimation)®l] ¢J8l] A7 o] 7153 Ael2 B3}
2 3lar, o] w) kA Ze FHd gz FAlE
US F JA Frot

Apdslol e HA F2 AL @Y FIMx
(Shim et al., 2000), Sg7=2] %SH‘:M Are L
38 F7hHAe Ao Bu HArhAAET 4L,
2003). ol 13} 4|9} ) AL7I-e] Axb#Hol
7} AX= Aol shie] ¥Rl obdrl dhe Aol
A g} gk Ayl dxpHolst Axle Ao)
ARdolehd o8 8 ALE Zojol ks WA I
o 1o %Eﬂﬂ Z Fougel) g Falgel o
AR £ S Aolth.

B de A, AE A7 wolrt o Alsy
et 3 sige a1, B4, 929 Axpiels

o183 A&7z A7 dZVlee HESPI
A3 A=A A71M QapelE 30 ol 471

FSARERE AR dHA72e] FFHAE 9|
L=

IL M3 2 g

2.1 Y X712 FM 24

7PdHeERE B, g, I3, S, FEE,
F3h o, A, 24 5, ok B, o, AlF
= 147 ZPFEAY 1951-2000 717 F LA
82 £ ATHFg. 1). OlEERE 195120007
A, 1951-1980(FHA) R 197120008 A) 717+ ZF
A7 9 w2 FFUAE ARted,
4 7S w2 wEl A, 24 L A7)
Zhol| thal zZHt Haw RFEEAE Tk

=3Ea]

2.2, 13 ZX7|2 ¢ixpHole| 372 = M

AFE, 225 T SAAES At 25 5070
7143449 197120008 A2 1973-2000) 71Kk
Z 19 FAA7IASERE BT ZFAXE ALst

115

‘/7% e \{’:Qd x{kx 1 ‘3
?1 % WM 35% &Q 1138
i 1(1";‘;* rmoﬁ
O o

‘ ‘;ﬁ@}fg ?Of o+ gr;?i “ans2

i‘fs;}f \q\'ﬂ\“( ” - (

Ly }of \
Vit %}i ey

%‘M

Lo ‘g - 168
"'0 ’\,J"};q:&r "
&y oo
® 0 100 Kilometers
184 —
/J("))
L

Fig. 1. Locations of the 14 climate observation stations with
50 year data records (solid rectangle) and the additional 44
weather stations with 30 year data records (grey circle). Sta-
tion Identification: 105 (Gangneung), 108 (Seoul), 112
(Incheon), 115 (Ulleung), 135 (Chupung), 138 (Pohang),
143 (Daegu), 146 (Jeonju), 152 (Ulsan), 156 (Gwangju),
159 (Busan), 165 (Mokpo), 168 (Yeosu), 184 (Jeju).
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Fig. 2. Monthly average of daily minimum temperature for 1951-2000 at 13 weather stations in South Korea. Each value rep-
resents the departure from the reference data of Jeju station which are depicted by the line along zero deviation. Station Iden-
tification: 105 (Gangneung), 108 (Seoul), 112 (Incheon), 115 (Ulleung), 135 (Chupung), 138 (Pohang), 143 (Daegu), 146
(Jeonju), 152 (Ulsan), 156 (Gwangju), 159 (Busan), 165 (Mokpo), 168 (Yeosu).
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Fig. 3. Monthly standard deviation of daily minimum temperature for 1951-2000 at 14 weather stations in South Korea. Station
Identification: 105 (Gangneung), 108 (Seoul), 112 (Incheon), 115 (Ulleung), 135 (Chupung), 138 (Pohang), 143 (Daegu), 146
(Jeonju), 152 (Ulsan), 156 (Gwangju), 159 (Busan), 165 (Mokpo), 168 (Yeosu), 184 (Jeju).
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Table 1. Change in the standard deviation of monthly minimum temperatures between 1951-1980 and 1971-2000 periods at

14 climate observing stations in South Korea

105 108 112 115 135 138 143 146 152 156 159 165 168 184
Jan -003 -035 014 001 -018 -020 -020 006 -0.16 -0.15 -0.11 -0.04 -0.11 013
Feb -0.11 005 -0.16 -007 -003 002 016 006 011 002 014 -007 006 0.16
Mar -0.15 021 -021 -0.16 -040 -005 -026 -030 -0.15 -033 -0.19 -025 -031 -0.03
Apr 025 0.13 027 011 005 009 019 -002 016 -018 026 003 012 000
May -0.09 -0.15 -008 001 -029 -003 020 -0.11 031 -003 005 -005 003 027
Jun 008 -006 -002 002 004 -018 005 -002 004 003 -006 -0.16 -007 003
Jul 023 0.04 002 015 -004 010 020 006 029 007 022 009 011 011
Aug 021 -003 003 020 -0.12 003 008 -0.11 017 -006 0.12 -007 -003 0.16
Sep 0.08 0.12 0.1 009 -001 011 002 006 012 -003 024 -007 004 -001
Oct 008 -006 008 010 001 0.14 005 -001 009 -0.11 008 -009 -002 0.04
Nov 005 0.01 -0.02 011 -002 -0.14 009 011 003 017 009 007 -003 013
Dec -055 071 074 -040 -056 -049 -024 -037 -032 -028 -035 -050 -046 -0.10

Station Identification 105 (Gangneung), 108 (Seoul), 112 (Incheon), 115 (Ulleung), 135 (Chupung), 138

(Pohang), 143 (Daegu), 146 (Jeonju), 152 (Ulsan), 156 (Gwangju), 159 (Busan), 165 (Mokpo), 168 (Yeosu), 184

Jeju).
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Fig. 4. Estimated spatial pattern of the standard deviation (Left) and the average (Right) for January minimum temperature
during 1971-2000. Fifty six weather station data were used to produce these maps based on geospatial interpolation models.
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Fig. 5. January minimum temperature pattern expected for the 10- (Left) and 30- (Right) year recurrence interval. These
maps were produced by combining the minimum temperature map for a normal year with the standard deviation map for

1971-2000 adjusted by z value of 1.28 and 1.88, respectively.
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