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ABSTRACT

Recent warm winters were evaluated for a possible shifting of the northern limit for winter barley
cultivation in Korea. Therefore, safe zones for winter barley cultivation were reclassified based on the
average and minimum January air temperature in recent years. The results are as follows: By analysis
of mean values of January average air temperatures for 30 years (1971~2000), the northern limits for
safe cultivation of hulled, naked, and malting barley were Ganghwa - Icheon - Chungju - Chunyang -
Goseong, Cheonan - Geumsan - Mungyeong - Andong - Sokcho, and Gwangju - Jangheung -
Sancheong - Pohang - Uljin lines, respectively. Meanwhile, based on the January average air
temperature of 14 years (1987~2000) with warmer winters, the safe cultivation zone of winter barley
shifted northward of the normal (1971~2000). So, the northern limits for hulled, naked, and malting
barley were Pocheon - Chuncheon - Wonju - Yangpyeong - Chunyang, Ganghwa - Icheon - Chungju -
Uiseong - Goseong, and Gunsan - Suncheon - Jinju - Miryang - Yeongdeok - Uljin lines, respectively.
Winter barley cultivars with the strongest tolerance to low temperature can be grown up to the
adjacent areas of Taebaek Mountains (that is, Inje, Hongcheon, Jecheon, and Taebaek areas). Based
on January mean air temperatures of 10-year return period for 30 years (1971~2000), the northern
limits for hulled and naked barley were Boryeong - Namwon - Geochang - Gumi - Goseong and
Seocheon - Jeongeup - Hapcheon - Yeongdeok - Sokcho lines, respectively. It appears that malting
barley can be cultivated only at southern coastal areas (that is, Busan, Tongyeong, Yeosu, and Wando
areas). On the other hand, based on the weather conditions of 14 years (1987~2000) with warmer
winters, the northern limits for hulled, naked, and malting barley were Ganghwa - Icheon - Yeongju -
Goseong, Seosan - Namwon - Mungyeong - Andong - Sokcho, and Gwangju - Jangheung - Sacheon -
Ulsan - Uljin lines, respectively. The northern limit for winter barley cultivars including Olbori with
the strongest tolerance to low temperature was the Ganghwa - Wonju - Chungju - Chunyang -
Goseong line.
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Table 1. Average and minimum air temperature(°C) in
January for classification of safe cultivation zones of
three groups of winter barley.

Group Average air Minimum air
temperature temperature
Hulled barley -4 -10
Naked barley -3 -8
Malting barley 0 -4
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Table 2. Average and minimum air temperature (°C) in January for classification of safe cultivation zones of 39 winter barley

cultivars.
Type Group Cultivar Average air  Minimum air
temperature  temperature
I Hulled barley  Olbori, Kangbori, Tapgolbori, -5 -12
Chalbori, Saegangbori, Seodunchalbori
I Hulled barley ~ Saeolbori -4 -10
Naked barley  Chalssalbori, Saechalssalbori
I Hulled barley  Keunalbori, Milyanggkebori, Saealbori, Miragbori, Alchanbori, -3 -8
Daebaegbori, Albori
Naked barley ~ Nachanssalbori
I\ Hulled barley ~ Oweolbori, Daejinbori, Nagyeoungbori -2 -6
Naked barley ~ Songhagbori, Olssalbori, Neulssalbori, Kinssalbori, Hinssabori,
Hinchalssalbori, Mudeungssalbori, Chunchussalbori,
Kwanghawalssalbori, Kanghossalbori
v Naked barley = Duwonchapssalbori 0 -4
Malting barley ~ Sacheon 6, Doosan 8, Doosan 22, Jinkwangbori, Jejubori,

Jinyangbori, Samdobori, Namhyangbori
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Table 3. Mean values(°C) of January average air temperatures for 30 years(1971~2000) and warm winter years(1987~2000)

at 63 weather stations.

Weather station N. W.W. Weather station N. W. W. Weather station N. W. W,
Sokcho -02 0.3 Masan 25 3.0 Imsil -3.1 -23
Cheorwon -6.1 -53 Gwangju 0.5 1.1 Jeongeup -0.7 0.0
Daegwallyeong -1.6 -1.0 Busan 30 37 Namwon -1.6 -1.0
Chuncheon -4.5 -3.6 Tongyeong 2.7 32 Jangsu -3.7 -2.8
Gangneung 0.3 1.0 Mokpo 1.8 24 Suncheon -0.5 01
Seoul 2.5 -1.8 Yeosu 22 2.8 Jangheung 04 0.9
Incheon 24 -1.7 Wando 27 33 Haenam 12 1.8
Wonju -4.8 -35 Jinju 0.1 0.5 Goheung 1.2 1.6
Suwon -3.2 2.0 Ganghwa -39 -3.0 Chunyang -4.0 -3.5
Chungju -4.1 -3.0 Yangpyeong -49 -3.6 Yeongju -32 23
Seosan -19 -1.3 Icheon -39 2.7 Mungyeong -2.0 -1.5
Uljin 1.0 1.5 Inje -5.2 -4.5 Yeongdeok 0.5 1.1
Cheongju -28 -1.7 Hongcheon -5.6 -4.8 Uiseong -3.6 -3.1
Daejeon -1.9 -1.0 Taeback -5.2 4.8 Gumi -1.8 -1.1
Chupungnyeong 221 -1.6 Jecheon -53 -4.9 Yeongcheon -1.3 -0.7
Andong 2.7 -1.7 Boeun -3.8 29 Geochang -1.8 -1.3
Pohang 1.6 2.1 Cheonan -3.0 2.1 Hapcheon -0.7 -0.1
Gunsan -0.4 0.2 Boryeong -1.2 -04 Miryang -0.2 05
Daegu 0.2 0.9 Buyeo -2.1 -1.3 Sancheong 0.0 0.5
Jeonju -0.6 -0.1 Geumsan 2.9 2.2 Geoje 1.9 2.5
Ulsan 1.6 23 Buan -0.9 -0.2 Namhae 1.7 24

N. and W. W. mean Normal (1971-2000) and Warm Winter period (1987-2000), respectively.
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Fig. 1. Safe cultivation zones for hulled (H), naked (N), and malting (M) barley divided by mean values of January average ai
temperatures for warm winter years (1987~2000) (left fig.) and 30 years (1971~2000) (right fig.) in Korea.
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Table 4. Mean values(°C) of January minimum air temperatures for 30 years (1971~2000) and warm winter years
(1987~2000) at 63 weather stations.

Weather station N. W. W. Weather station N. W.W. Weather station N. W. W.
Sokcho -3.8 -35 Masan -1.6 -1.0 Imsil -8.6 -1.5
Cheorwon -119 -109 Gwangju -33 =27 Jeongeup -5.2 -43
Daegwallyeong -12.5 -11.7 Busan -0.7 0.0 Namwon -6.8 -6.3
Chuncheon -9.7 -8.8 Tongyeong -1.1 -0.7 Jangsu -9.4 -8.2
Gangneung 33 -2.6 Mokpo -14 -1.0 Suncheon -53 -4.8
Seoul -6.1 -5.4 Yeosu -1.1 -0.5 Jangheung 4.3 -39
Incheon 5.7 -5.0 Wando -0.5 0.6 Haenam -3.0 -2.6
Wonju -10.1 -84 Jinju -53 -4.8 Goheung -38 -34
Suwon -19 -6.4 Ganghwa -8.8 <17 Chunyang -10.8 99
Chungju 94 -19 Yangpyeong -10.6 -8.9 Yeongju -8.6 -13
Seosan -6.0 -54 Icheon 9.1 -1 Mungyeong -6.7 -6.1
Uljin -33 =27 Inje -11.0 -10.1 Yeongdeok -4.0 -3.3
Cheongju 1.4 -6.2 Hongcheon -11.6 -10.6 Uiseong -9.9 94
Daejeon -6.3 -55 Taebaek -10.1 9.7 Gumi -6.8 -6.0
Chupungnyeong -6.1 -5.7 Jecheon -11.1 -10.7 Yeongcheon -6.5 -5.9
Andong -8.3 -6.7 Boeun -9.6 -84 Geochang <14 -6.9
Pohang 24 -14 Cheonan -7.8 -6.9 Hapcheon -6.2 -5.7
Gunsan -3.6 -3.0 Boryeong -55 -4.7 Miryang -6.0 -5.2
Daegu -4.1 -3.2 Buyeo -7.1 -6.3 Sancheong -4.8 -43
Jeonju -4.8 -4.1 Geumsan -8.2 -1.1 Geoje 2.4 -1.7
Ulsan 2.7 -2.0 Buan -5.4 -4.4 Nambhae 2.7 -1.8

N. and W. W. mean Normal (1971-2000) and Warm Winter period (1987-2000), respectively.
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Fig. 2. Safe cultivation zones for hulled (H), naked (N), and malting (M) barley divided by mean values of January minimum air
temperatures for warm winter years (1987~2000)(left fig.) and 30 years (1971~2000)(right fig.) in Korea.
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Fig. 3. Safe cultivation zones for five barley cultivar groups on winter hardiness divided by mean values of January average
air temperatures for warm winter years (1987~2000) (left fig.) and 30 years (1971~2000) (right fig.) in Korea.

&% ol
Stk A9g ole HoE FEHAG
31.2. F5 QrAAIA Y

VR 39l FES NI Aol wet A
5eHoE FEIPed, Wdol e &9
M>[M>[>{IV]>[V] Solth. 2+ 559 19 Ha7]
L3} HA 7L VIFEE Table 29 2t} 447
7rAZ A 19 Hi71ee] AEEuiks o83l
F5H AAANE S Fig. 33 2o H2
1439] 19 Havlee] dEHits TAZ ks o,
wishgde] 713 At £RE 5 (1 TR sk F
FEL A, T, ', AlHAY T i 1
AGAAE Aul7E B3E Ao F VeRgon, sgyde]
AEHFGE TAR HUS v FHAF P Y
AL e Aoz kA REEAT.

Fig. 4= E47I2MEEEd, 2 1492 Ak
4 HAr)eo AEHTRS o8l FFHEE kA
AN S Aotk 19 HAAV|IRE Ha72
3 Hl53E FAE BYARE HARE VIEeE <
AANRANE RSP Wekdo] 2= [k el s
FEE FE55L il 7SRt EAEIAARL
WEtdo] vre vy} [violl sidele F55L 23]

2 Félehs 23 Bk

3.2. M3oiZte| olgt oM ulX|c &

ANE7|3bl o3t 718R o] AN E TS}
7] 9814 Ando(1977)7} AR ARAS o] gsle
19 a7 sidehs APIbe A=EE Akt
At o|ZRE 4&d AFVRES 21 w5 T
of ZIYsl 1€ HHEVe-e = o] 1A o
$3he He 73 F, ol 74 AEg s A
A2l At olefgt IAYPAE ol83l 7
@710l APee 19 Harles Foiet], 2
£ Fig. 591 YeERIA

93 o] At 30:3(1971~2000) Bkl 1
4 HEved AP IAPPAL ¥ =-0.1958
+0.9020e 011259} ¥ =-0.4259+0.8125¢026%0| | o]
2RE Q717 20, 10, 5390 P 1€ Havle
o] Z}z} -8.00, -6.69, -5.17°C¢} -2.79, -2.08, -1.21°C
2 FHEE ol9} 2 WoZ 5t 637 BEA
Aol 7} 7|7l sigsle 1€ Bavles 3]
™ Table 5, 6% 2t} 18]l o]5S 4] A
3 A2 1 ARASE Table 7, 801 VFERAATH

T3 18 FHAVIRE 2 e E AL 3
WAAE o83l ZF AE7 Tl dsle 19 HA
71e& AT 98 7o 19 HAVL




Shim et al.: Reclassification of Winter Barley Cultivation Zones in Korea Based on... 225

1’% LSE 126 12656 127E 12750 128E 1285  129E 12956 130E

T285E 1%6L  I285E 1276 1205E  128E 128  129E 12056 130E

Fig, 4. Safe cultivation zones for five barley cultivar groups on winter hardiness divided by mean values of January minimum
air temperatures for warm winter years (1987~2000) (left fig.) and 30 years (1971~2000) (right fig.) in Korea.
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Table 5. January average air temperatures (°C) with return period of 5, 10, and 20-year estimated from 30 years (1971~2000)
records at 63 weather stations.

Weather Return period (year) Weather Return period (year) Weather Return period (year)

station 20 10 5 station 20 10 5 station 20 10 5
Sokcho 295 -236 -1.61 Masan 010 070 140 Imsil -6.81 -589 -4.77
Cheorwon -10.10 -9.20 -8.00 Gwangju -229 -1.71 097 Jeongeup -3.77 -3.07 -2.17
Daegwallyeong -10.95 -10.19 -9.24 Busan -007 064 152 Namwon -460 -395 -3.11
Chuncheon 911 -795 -6.53 Tongyeong  0.08 0.65 1.39 Jangsu <770 -6.60 -5.20
Gangneung -270 201 -1.15 Mokpo -1.08 -047 031 Suncheon 312 255 -1.82
Seoul -639 -5.66 -4.67 Yeosu -059 005 085 Jangheung  -2.18 -1.61 -0.88
Incheon -5.92 524 -432 Wando -008 062 148 Haenam -1.63 -093 -0.09
Wonju -1026 -873 -697 Jinju -240 -189 -1.23 Goheung -1.23  -0.71  -0.03
Suwon -8.00 -6.69 -5.17 Ganghwa -799  -7.00 -5.78 Chunyang  -6.90 -640 -5.70
Chungju 9.17 -7.80 -6.18 Yangpyeong -11.05 -927 -7.25 Yeongju -708 -6.15 -5.00
Seosan -5.50 -4.80 -3.80 Icheon 883 -754 597 Mungyeong -4.86 -4.32 -3.59
Uljin -1.96  -1.33  -0.52 Inje -9.66 -8.70 -7.50 Yeongdeok -2.31 -1.69 -0.90
Cheongju <703 -597 -4.68 Hongcheon -10.16 -9.05 -7.70 Uiseong -7.08 -632 -537
Daejeon -549 478 -381 Taebaek -950 -850 -7.50 Gumi -480 -424 -347
Chupungnyeong -5.00 -4.44 -3.67 Jecheon -956 -853 -1.25 Yeongcheon -3.93 -335 -2.60
Andong =720 -6.10 -4.70 Boeun -7.84 -6.86 -5.65 Geochang 467 -4.12 -337
Pohang -156 095 -0.11 Cheonan <726 640 -5.20 Hapcheon  -3.58 -295 -2.14
Gunsan -336 267 -1.80 Boryeong 446 -372 277 Miryang -323 257 -171
Daegu 279 208 -121 Buyeo -621 -536 -4.18 Sancheong -2.50 -196 -1.26
Jeonju -3.88 -3.13 -221 Geumsan -626 -559 -4.67 Geoje -0.82 -028 047
Ulsan -1.16  -063 0.10 Buan -439  -352 247 Namhae -0.84 -034 033

Table 6. January average air temperatures(°C) with return period of 5, 10, and 20-year estimated from warm winter years
(1987~2000) at 63 weather stations.

Weather Return period (year) Weather Return period (year) Weather Return period (year)

station 20 10 5 station 20 10 5 station 20 10 5
Sokcho -123 095 -056  Masan 197 214 236 Imsil -3.83 -355 -3.18
Cheorwon -770 =726 -6.67  Gwangju -0.15 007 038 Jeongeup -1.23 -1.01 -071
Daegwallyeong -850 -8.27 -7.93 Busan 247 269 299 Namwon 275 242 -1.99
Chuncheon -570 -539 -497  Tongyeong 200 221 250 Jangsu -4.54 420 -374
Gangneung -0.19 000 027 Mokpo 149 163 182 Suncheon -132 -1.02 -0.63
Seoul -340 -3.10 -277  Yeosu 154 181 215 Jangheung -056 -0.28 0.08
Incheon -327  -299 262  Wando 1.77 211 254 Haenam 078 088 1.04
Wonju -5.19 493 -458  Jinju 073 050 -0.19  Goheung 038 049 078
Suwon -3.30 310 -2.80 Ganghwa 451 -425 -391 Chunyang -5.30 -500 -4.60
Chungju -473  -445 407 Yangpyeong -5.62 -5.30 -4.86 Yeongju -427 -391 -343
Seosan 247 224 -195  Icheon 436 -4.10 -3.74 Mungyeong -3.06 -2.80 -243
Uljin 019 038 065 Inje <750 -6.90 -6.11 Yeongdeok  -0.15 -0.02 025
Cheongju 312 290 -2.61 Hongcheon -677 -645 -6.01  Uiseong 469 -446 -414
Daejeon -236  -2.11 -1.77  Taeback -620 -6.00 -570 Gumi -253 227 -190
Chupungnyeong -2.92 -2.70 -2.38 Jecheon -6.10 -5.82 -548 Yeongcheon -1.98 -1.77 -1.48
Andong -3.09 -288 -259  Boeun 430 -4.14 -392  Geochang -226 212 -1.92
Pohang 1.06 129 1.6l Cheonan -335 -314 -286  Hapcheon -1.37 -1.14  -0.83
Gunsan -1.02 -0.79 -048  Boryeong -148 -133 -1.13  Miryang -0.60 -043 -0.20
Daegu -0.26 -0.04 024 Buyeo 242 226 -2.05 Sancheong 080 -054 -0.18
Jeonju -144  -1.20 -0.87  Geumsan 360 -336 -3.05 Geoje 1.69 182 201
Ulsan 1.08 128 153 Buan -117  -1.01 -0.79  Namhae 1.12 143 182
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Table 7. Regression equations to estimate return periods (year) of January average air temperatures from 30 years

(1971~2000) records at 63 weather stations.
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Daegwallyeong  y=-0.3112+0.0820e0271% 0.95  Hongcheon y=-0.4890+0.3348¢ 01647 0.98
Chuncheon y=-0.5567+0.4668¢ %171 0.96  Jecheon y=-0.3938+0.2717¢ %1916« 0.97
Gangneung y=-0.3323+0.7353¢ 024! 0.94  Boeun y=-0.4450+0.3851¢%19% 0.96
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Suwon y=-0.9158+0.9029¢ 01125 098  Geumsan y=0.1144¢703878 0.92
Chungju y=-0.9521+0.8701¢ 1% 097  Buan y=-0.5225+0.7305¢ 0208 0.94
Seosan y=0.1749¢ 03628 091  Imsil y=-0.5020+0.4630¢ 1796 0.96
Uljin y=-0.2034+0.7514¢ 0353 0.95  Jeongeup y=-0.3559+0.5729¢ 03812 0.97
Cheongju y=-0.5688+0.5889¢ 14 098  Namwon y=-0.2232+0.3219¢ 03 0.99
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Pohang y=0.6668¢ 04263 095  Haenam y=-0.5176+1.1895¢0-260% 0.99
Gunsan y=-0.3063+0.5805¢ 0303 097  Goheung y=-0.2499+0.9362¢ 2470 0.98
Daegu y=-0.4256+0.8125¢ 20> 099  Yeongju y=-0.3986+0.3822¢0-7108 0.95
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Yeosu y=-0.337141.3595¢ 03148 0.99  Hapcheon y=-0.2637+0.4670¢ 78 0.97
Wando y=-0.6748+1.9400¢ 2327 098  Miryang y=-0.2443+0.5389¢ 0323 0.96
Jinju y=-0.1384+0.4742¢ 04628 0.96  Sancheong y=-0.2652+0.5935¢ 0383 0.98
Ganghwa y=-0.4450+0.3770¢e 118 095  Geoje y=0.8751e 04811 0.94
Yangpyeong y=-1.6805+1.5512¢ #0590 098  Namhae y=0.8370¢ %52 0.96
Icheon y=-0.8771+0.8010¢ 1131 0.98
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Table 8. Regression equations to estimate return periods (year) of January average air temperatures from warm winter years
(1987~2000) records at 63 weather stations.

Weather station Regression equation R* Weather station Regression equation R?
Sokcho y=-0.1091+0.5093¢ 05221 095  Inje y=0.0454¢ 047 0.90
Cheorwon y=0.0126¢ 0601 098  Hongcheon y=0.0053¢ 08107 0.97
Daegwallyeong  y= 0.0001¢ %886 0.99  Taebaek y=0.0012¢ 1117 0.92
Chuncheon y=0.0112¢ 08325 097  Jecheon y=0.0022¢1053% 0.94
Gangneung y=-0.0098+1.0105¢ 3140 097  Boeun y=0.0010e" 673 0.93
Seoul y=0.0330¢!1003 093  Cheonan y=0.0196¢" 0% 0.95
Incheon y=0.0542¢ 0977 099  Boryeong y=0.0951¢- 7621 0.93
Wonju y=0.0063¢0274 097  Buyeo y=0.0235¢ 1655 0.99
Suwon y=0.0097¢ 47 094  Geumsan y=0.0236¢1121x 097
Chungju y=0.0160e 97" 097  Buan y=0.1877¢ 4! 0.96
Seosan y=-0.0990+0.0973¢ 1076 095  Imsil y=0.0354¢ 0940 0.90
Uljin y=0.0223+1.6568¢e 331 0.99  Jeongeup y=-0.0567+0.3356¢ 13! 0.98
Cheongju y=0.0296¢! 2197 098  Namwon y=-0.0723+0.1705¢ *781x 0.96
Daejeon y=-0.0953+0.1432¢ 09548 095  Jangsu y=-0.1044+0.0585¢ 069 0.97
Chupungnyeong y=0.0424¢ 1751 091  Suncheon =-0.2086+0.5661¢ 077 0.95
Andong y=0.0286e =" 095  Jangheung y=-0.0825+0.8423¢ 8772 0.95
Pohang y=-0.0796+4.2026¢ 0436 097  Haenam y=0.1194+9.9213¢ 27390 0.97
Gunsan y=-0.0738+0.4578¢ 073! 0.95  Goheung y= 1.8426e 227 0.81
Daegu y=-0.0735+1.0172¢ 138 098  Chunyang y=0.0089¢ 09407 0.91
Jeonju y=-0.0282+0.2845¢ %672 099  Yeongju y=0.0564¢ 0734 0.94
Ulsan y=-0.0052+5.7123¢ 137 097  Mungyeong y=0.0647¢ 09784 0.95
Masan y=-0.0225+28.1554¢ 14> 099  Yeongdeok y= 1.0300¢ 4784 0.90
Gwangju y=-0.0746+1.1690¢ 10657 1097  Uiseong y= 0.0064¢ 1132 0.95
Busan y=-0.0579+22.3396¢ 1302 096  Gumi y=0.1091e%77"™x 0.97
Tongyeong y=-0.0492+14.3789¢ 1818 098  Yeongcheon y=0.1140¢ 24 0.91
Mokpo y=21.9054¢ 18900 098  Geochang y=0.0220e 79> 0.95
Yeosu y=-0.1758+5.4884¢ 8302 0.97  Hapcheon y=-0.0408+0.2921¢ 109 0.99
Wando y=-0.2202+4.8378¢ 06318 096  Miryang y=0.5125¢ 15445 097
Jinju y=0.5620¢"!1410x 095  Sancheong y=0.5799¢ 09987 0.93
Ganghwa y=0.0117¢ 1046 097  Geoje y=32.5408¢ " 4033 0.93
Yangpyeong y=0.0134e 08131 096  Nambhae y=-0.4201+3.4648¢ 0619 0.86
Icheon y=0.0054+0.0173¢ 87> 0.94
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Fig. 6. Regression equations to estimate return periods (year) of January minimum air temperatures from 30 years
(1971~2000) records at Suwon and Daegu weather stations.
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Table 9. January minimum air temperatures with return period of 5, 10, and 20-year estimated from 30 years (1971~2000)
records at 63 weather stations.

Return period (year) Return period (year) Return period (year)

Weather station Weather station

Weather station

20 10 5 20 10 5 20 10 5
Sokcho -6.63 -6.08 -533 Masan -3.60 -3.50 -290 Imsil -13.80 -12.43 -10.80
Cheorwon -16.60 -15.50 -13.40 Gwangju -5.98 -547 -481 Jeongeup -8.67 -8.00 -7.11
Daegwallyeong -16.55 -15.80 -14.76  Busan 396 -327 -239 Namwon -10.24 9.60 -8.73
Chuncheon -15.29 -1391 -12.21 Tongyeong -3.76 -3.25 -2.56  Jangsu -16.10 -14.10 -12.00
Gangneung -6.27 -5.67 -490 Mokpo -394 -339 -2.69 Suncheon -827 771 695
Seoul -10.03 921 -813 Yeosu -394 -334 -254 Jangheung -6.83 -635 -5.70
Incheon 923 -846 -746 Wando -3.77 -298 -2.00 Haenam -5.56 -5.08 -4.44
Wonju -17.37 -15.25 -12.87 Jinju 9.00 -8.14 -7.11 Goheung -635 -5.86 -5.22
Suwon -13.67 -12.06 -10.22 Ganghwa -13.75 -12.54 -11.06 Chunyang -15.40 -14.40 -12.30
Chungju -16.33 -14.38 -12.14  Yangpyeong -19.07 -16.48 -13.68 Yeongju -13.79 -12.50 -10.95
Seosan -10.13 931 -822 Icheon -15.31 -13.58 -11.59 Mungyeong 991 928 -844
Uljin -642 -579 -497 Inje -16.64 -15.44 -13.86  Yeongdeok -6.90 -6.33 -5.58
Cheongju -12.88 -11.40 -9.67 Hongcheon -17.65 -16.17 -14.37 Uiseong -14.44 -13.50 -12.29
Daejeon -1021 -9.44 -8.41 Taebaek -15.20 -14.00 -12.60 Gumi -10.72 -9.85 -8.76
Chupungnyeong -9.13 -8.56 -7.81 Jecheon -16.70 -15.31 -13.64 Yeongcheon -9.87 926 -843
Andong -142 -126 -107 Boeun -15.21 -13.75 -12.01 Geochang -10.61 -995 -9.10
Pohang -5.73 -5.11 -424 Cheonan -12.77 -11.52 -9.99  Hapcheon -9.57 -893 -8.06
Gunsan -6.23 -6.09 -5.28 Boryeong -9.10 -8.33 -7.34 Miryang -9.63 -8.85 -7.86
Daegu <730 -6.66 -583 Buyeo -12.60 -11.00 -9.20  Sancheong -7.61 -7.08 -6.36
Jeonju -8.00 -736 -6.52 Geumsan -11.96 -11.14 -10.10 Geoje -5.15 -455 379
Ulsan -5.67 -5.10 -435 Buan -10.23 -893 -7.39 Namhae -5.81 -5.15 -430

Table 10. January minimum air temperatures with return period of 5, 10, and 20-year estimated from warm winter years
(1987~2000) records at 63 weather stations.

Weather station Rze(t)urn PG;T)Od (ye;r) Weather station R2e(t)urn pjr(l)()d éye;r) Weather station Rze(gum P eir(1)od (ye;r)
Sokcho 494 470 -439 Masan 220 -2.10 -1.80 Imsil -10.10 -9.56 -8.86
Cheorwon -14.16 -13.56 -12.74 Gwangju -4.10 -3.81 -345 Jeongeup 572 548 515
Daegwallyeong -13.30 -13.10 -12.70 Busan -144 -122 -091 Namwon -8.67 -820 -7.58
Chuncheon -11.31 -10.97 -1045 Tongyeong -231 -1.99 -1.56 Jangsu -11.09 -10.55 -9.83
Gangneung -398 -3.78 -3.54 Mokpo -2.30 -2.07 -1.77 Suncheon -6.86 -636 -5.73
Seoul -7.10 -6.82 -644 Yeosu -192 -1.66 -1.32  Jangheung -6.24 577 -5.14
Incheon -6.82 650 -6.06 Wando -153 -1.12 -0.56 Haenam 494 441 -373
Wonju -10.66 -10.31 -9.85  Jinju -6.97 -647 -5.83 Goheung 522 492 434
Suwon -795 -7.72 -740 Ganghwa -9.69 -931 -8.81 Chunyang -12.93 -12.42 -11.74
Chungju -10.54 -10.06 -9.38  Yangpyeong -11.80 -11.32 -10.68 Yeongju 973 930 -8.69
Seosan -6.90 -6.60 -620 Icheon 971 -939 902 Mungyeong -7.70 -7.50 -7.20
Uljin -4.11 -392 -3.64 Inje -14.34 -13.24 -11.93 Yeongdeok  -4.75 -4.54 -4.26
Cheongju -7.89 -7.62 -727 Hongcheon -13.33 -12.89 -12.29 Uiseong -11.99 -11.52 -10.91
Daejeon <732 -699 -653 Taebaek -11.6 -11.3 -109 Gumi =752 731 -7.02
Chupungnyeong -7.10 -6.88 -6.59 Jecheon -1272 -12.27 -11.68 Yeongcheon -7.46 -7.21 -6.87
Andong -8.64 -829 -7.82 Boeun -10.33 -10.02 -9.64 Geochang -8.50 -820 -7.90
Pohang -2.83 -2.60 -2.32 Cheonan -8.67 -8.34 -790 Hapcheon -6.95 -675 -649
Gunsan -446 -417 -378 Boryeong 640 -620 -580 Miryang 673 649 -6.19
Daegu -435 -4.16 -393 Buyeo -790 -7770 -7.40 Sancheong -5.83 -553 -5.13
Jeonju -6.03 -5.67 -5.18 Geumsan -10.11 958 -891  Geoje -2.80 -2.60 -2.40

Ulsan -342 -3.19 -2.88 Buan -6.10 -5.78 -536 Namhae -3.51 318 -2.75
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Table 11. Regression equations to estimate return periods (year) of January minimum air temperatures from 30 years
(1971~2000) records at 63 weather stations,

Weather station Regression equation R* Weather station Regression equation R?
Sokcho y=-0.1160+0.0829¢ 477 092  Inje y=-0.2154+0.0736¢ > 1¥1™* 0.94
Daegwallyeong  y= 0.0043¢ 34 0.96  Hongcheon y=-0.5176+0.2140¢1211x 0.98
Chuncheon y=-0.5259+0.2499¢ 1300 0.97  Jecheon y=-0.4483+0.1722¢ 0138~ 0.98
Gangneung y=-0.1391+0.1236e 0390 0.92  Boeun y=-0.7124+0.3737¢ 01195 0.98
Seoul y=-0.1733+0.0915¢ 0276 0.96  Cheonan y=-0.5868+0.3208¢ 0138 0.96
Incheon y=-0.2253+0.1094¢ 0283 0.95 Boryeong y=-0.2308+0.1158¢ 02834 0.99
Wonju y=-1.6859+1.2553¢ 004 096 Buyeo y=0.0414¢03051x 0.92
Suwon y=-1.1145+0.7806¢ *0826* 098  Geumsan y=-0.2268+0.0629¢ 02664 0.97
Chungju y=-1.1102+0.7846¢ 00587 0.98 Buan y=-0.9252+0.7191¢%119% 0.96
Seosan y=0.0485¢ 0324 094  Imsil y=-0.7144+0.3906¢0-118% 0.96
Uljin y=-0.1314+0.1307¢ %372 0.94  Jeongeup y=0.0429¢ 03930« 0.96
Cheongju y=-1.0078+0.6915¢ *093 0.97  Namwon y=0.0195¢04%7% 0.97
Daejeon y=0.0397¢9341> 0.96  Suncheon y=0.0268¢ 4687 0.95
Chupungnyeong  y=0.0176e 7' 0.95  Jangheung y=-0.0955+0.0470e 046! 0.95
Pohang y=0.1193¢ 04158 098 Haenam y=-0.0675+0.0766¢ 0518 0.99
Gunsan =-0.1116+0.1061¢03848x 0.96  Goheung y=-0.1216+0.0681¢ 04774 0.98
Daegu y=-0.1173+0.0922¢ 03746 097  Yeongju y=-0.4925+0.2496¢ %142 0.95
Jeonju y=-0.115140.0716¢ %372 096  Mungyeong y=-0.1078+0.0344¢ 0374+ 0.96
Ulsan y=-0.0999+0.1262¢ 04242 0.96  Yeongdeok y=-0.0994+0.0749¢ 04243 0.96
Gwangju y=-0.0830+0.0769¢ 04331 097  Uiseong y=-0.1678+0.0421¢ 0245 0.98
Busan y=-0.2095+0.4240¢ 0319 097 Gumi y=-0.2241+0.0990¢ 02350 0.90
Tongyeong y=-0.1041+0.2420¢ 4663 0.96  Yeongcheon y=0.0185¢ 0430 0.92
Mokpo y=-0.2574+0.3368¢ 03877 0.98  Geochang y=-0.1565+0.0362¢ %3476 0.94
Yeosu y=-0.1913+0.3484¢ 03684 098  Hapcheon y=0.0253¢ 04115 0.95
Wando y=-0.4380+0.7043¢ 021 098  Miryang y=-0.2139+0.0984¢ 0283 0.95
Jinju y=-0.3375+0.1879¢ 02406« 0.97  Sancheong y=0.0302¢ 04940 0.95
Ganghwa y=-0.4723+0.2115¢ 154" 094  Geoje y=-0.2240+0.2306e 03664 0.95
Yangpyeong =-2.5569+2.1263¢ 00312 0.98  Namhae y=-0.1935+0.2080¢ %338 0.96
Icheon =-1.1638+0.7796¢ 0977 0.98
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Table 12. Regression equations to estimate return periods (year) of January minimum air temperatures from warm winter
years (1987~2000) records at 63 weather stations.

Weather station Regression equation R Weather station Regression equation R?
Sokcho y= 0.0045¢ T 095 Inje =-0.7188+0.2492¢ %7 0.94
Cheolwon y= 0.0026¢ 04375% 096  Hongcheon y=0.0004¢ 077 0.99
Daegwallyeong  y= 3E-06e %552 096  Taebaek y= 4E-05¢ 0-850% 0.93
Chuncheon y=0.0005¢ 9687 092  Jecheon y=-0.0483+0.0010e %70 0.95
Gangneung y=0.0036¢ 4855 092  Boeun y=0.0001¢ 098! 0.95
Seoul y=0.0051¢ %7 096  Cheonan y=0.0013¢ 077 0.88
Incheon y=0.0047¢ 08256 0.97  Boryeong y=0.0029¢ %41 0.96
Wonju y= 0.0004¢ 0764 098  Buyeo y= 0.0006¢ 09581x 0.95
Suwon y=0.0002¢ 131 0.98  Geumsan y=-0.2133+0.0212¢ 422> 0.93
Chungju y=-0.1115+0.0112¢ 0457 091  Buan y=-0.1101+0.0149¢ 074> 0.94
Seosan =-0.1798+0.0087¢ %747 0.83  Imsil y=-0.1925+0.0235¢ 0418 0.84
Uljin y=0.0071¢12%* 090  Jeongeup y=0.0024e 1%~ 0.93
Cheongju y=0.0006¢ 07787 096  Namwon y=-0.1333+0.0202¢ 0413 0.96
Daejeon y=0.0046¢ 07692« 093  Jangsu y=0.0058¢ 4878 0.93
Chupungnyeong  y= 0.0002¢™!?2%* 092  Suncheon y=-0.4480+0.1364¢ 037! 1x 0.90
Andong y=-0.0713+0.003 1¢ 0705 0.97  Jangheung y=0.0394¢70-3603x 0.92
Pohang y=0.0381¢1:350% 0.94  Haenam y=-0.342740.2559¢ 03756« 0.96
Gunsan y=-0.1454+0.0447¢ 0777 092  Goheung y=0.0099¢ 09378 0.94
Daegu y=0.0366+0.0012¢ 613 0.95  Chunyang y=0.0016¢0!18% 0.98
Jeonju y=0.0155¢ 07347 093  Yeongju y=-0.0757+0.0072¢ 05388 0.94
Ulsan y=0.0235¢!1760x 0.96  Mungyeong y=0.0006¢0976% 0.95
Masan y=0.0686¢ 9062 095  Yeongdeok y=0.0030e 1278 0.97
Gwangju y=-0.1326+0.0467 082 094  Uiseong y=-0.055440.0020¢0-420% 0.99
Busan y=0.2413¢ 166 090  Gumi y=0.0001¢34 0.95
Tongyeong y=-0.1467+0.2796¢ 707" 0.97  Yeongcheon y=0.0005¢ 10444 0.93
Mokpo y=0.0903¢™!156% 097  Geochang y= 0.0002¢! 0684 0.98
Yeosu y=-0.0428+0.2005¢ 09906 098  Hapcheon y=0.0001¢!3272% 0.92
Wando y=0.4808¢ 06337 092  Miryang y=0.0005¢ 1661 0.94
Jinju y=-0.4120+0.1232¢0376% 0.85  Sancheong y=0.007 10827 0.93
Ganghwa =-0.1165+0.003 126319 094  Geoje y=0.019]¢ 1498 0.96
Yangpyeong y=0.0019¢ 05553 099  Namhae y=0.0739¢ 08161 0.88
Icheon y=0.0002¢ 09251 0.95
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Fig. 7. Safe cultivation zones for hulled (H), naked (N), and malting (M) barley divided by January average air temperatures of 10-
year return period estimated from records of warm winter years (1987~2000) (left fig.) and 30 years (1971~2000) (right fig.) in Korea.
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Fig. 8. Safe cultivation zones for hulled (H), naked (N), and malting (M) barley divided by January minimum air temperatures of
10-year return period from records of warm winter years (1987~2000) (left fig.) and 30 years (1971~2000) (right fig.) in Korea.
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Fig. 9. Safe cultivation zones for five barley cultivar groups on winter hardiness divided by January average air temperatures of 10-
year return period from records of warm winter years (1987~2000) (left fig.) and 30 years (1971~2000) right fig.) in Korea.
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Fig. 10. Safe cultivation zones for five barley cultivar groups on winter hardiness divided by January minimum air temperatures of
10-year return period from records of warm winter years (1987~2000) (left fig.) and 30 years (1971~2000) (right fig.) in Korea.
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