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ABSTRACT

This study was conducted to analyze the optimum heading period according to the recent climatic
change for improvement of rice yield and grain quality in the Yeongnam area. We analyzed climatic
elements including daily mean air temperature, daily range of air temperature, sunshine hours, and
amount of precipitation from 1996 to 2005 in comparison with those of the 1971 to 2000 normal. Daily
mean air temperature and amount of precipitation in the recent 10 years increased, but daily range of
air temperature and sunshine hours decreased in comparison with the norm. Also, monthly mean air
temperature was lowered remarkably in July and August. The monthly amount of precipitation
largely increased in August and September. The daily range of air temperature and sunshine hours
were greatly decreased from August to October. Possible cultivation periods for rice in the recent 10
years ranged from 171 days in Bonghwa to 228 days in Busan and was expanded about 1~13 days in
comparison with the normal. Optimum heading date by local regions for the maximum climatic yield
potential was estimated as July 31 at Bonghwa to September 7 at Busan, Masan, and Tongyeong in
the recent 10 years. There was a wide difference in optimum heading date according to local regions
of the Yeongnam area. Compared to the normal, optimum heading date in the recent 10 years was
delayed about 1~8 days in most local regions except Bonghwa, Mungyeong, and Yeongdeok. These
results suggested that it is necessary to develop late maturity rice cultivars for producing high yield
and quality rice grain due to the recent climatic change. Moreover, it is still more important to select
the most suitable cultivation period appropriate to the changed climate of each local region in
Yeongnam area.

Key words : Climatic change, Climatic element, Optimum heading period, Rice, Yeongnam area
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Fig. 1. The distribution of weather stations and observatories in
Yeongnam area.
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Table 1. Recent climatic changes by provinces of Yeongnam area

. . DMAT"Y MAAT? MIAT® DRAT? SHY P9
Period Province R
_____ (°C) == (hr) (mm)
Gyeongnam 13.5 19.0 8.8 102 2,355.7 1,452.4
Normal — Gyeongbuk 12.1 18.1 6.8 1.2 2,378.7 1,087.7
(1971~2000)
Mean 12.8 185 7.8 10.7 2,367.2 1,270.1
Gyeongnam 13.8 19.4 9.1 102 2,268.8 1,642.4
Recent Gyeongbuk 12.4 18.3 72 10.9 2,300.6 1,273.4
(1996~2005)
Mean 13.1 189 82 105 2,284.7 1,457.9
. Gyeongnam 0.4 0.5 0.3 -0.1 -86.9 190.0
Anomalies Gyeongbuk 03 02 0.4 0.3 782 185.7
from normal
Mean 0.3 0.3 0.4 -0.2 825 187.8

DDMAT; Daily mean air temperature, ?MAAT; Maximum air temperature, >MIAT, Minimum air temperature,
“DRAT; Daily range of air temperature, ”SH; Sunshine hours, ®TP; Total precipitation



20 Korean Journal of Agricultural and Forest Meteorology, Vol. 9, No. 1

(t) 1.0
(a) e )

| OGyeongnam |

0.8 i |
i W Gyeongbuk

Jan. Feb. Mar. Apr. May Jun. Sep. Oct. Nov. Dec.

-0.4 -
-0.6

-0.8

-1.0 -

Jan. Feb. Mar, Apr. May Jun. J

0.4 |

06 |
-0.8

(T) 1.4
(D)
12 ¢
1.0
0.8
06
04 r

0.2

0.0

ul. Aug. Sep. Oct. Nov. Dec.

oz Jan. Feb. Mas, Apr. May Jun.

0.4 |
-0.6 |

-08 -

Fig. 2. Monthly anomalies from normal of daily mean air
temperature (A), daily range of air temperature (B), daily
maximum air temperature (C), and daily minimum air
temperature (D) during recent 10 years.
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Fig. 3. Monthly anomalies from normal of sunshine hours
and amount of total precipitation during recent 10 years.
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Table 2. Recent climatic changes by provinces of Yeongnam area during rice growing period (May~October)

DMATY

) ) MAAT? MIAT? DRAT® SHY TpS
Period Province
______ (oC) e (hr) (mm)
Gyeongnam 20.9 26.0 16.6 9.4 1,181.4 1,105.8
Normal Gyeongbuk 20.0 25.8 15.1 10.7 1,203.5 836.6
(1971~2000)
Mean 20.5 259 15.8 10.1 1,192.4 9712
Gyeongnam 21.1 26.3 16.9 9.2 1,086.0 1,290.9
Recent
Gyeongbuk 20.1 25.7 15.4 10.2 1,112.7 1,026.3
(1996~2005) yeone
Mean 20.6 26.0 16.2 9.7 1,0994 1,158.6
] Gyeongnam 0.2 0.2 0.3 -0.2 -953 185.2
Anomalies Gyeongbuk 0.1 0.1 03 0.5 -90.7 189.7
from normal
Mean 0.1 0.1 0.3 -0.4 -93.0 187.4

"DMAT; Daily mean air temperature, *MAAT; Maximum air temperature, “MIAT; Minimum air temperature,
“DRAT; Daily range of air temperature, >*SH; Sunshine hours, ®TP; Total precipitation

Table 3. Anomalies from normal of climate during rice growing period (May~October) of recent 10 years

DMATY

. . MAAT? MIAT> DRAT* SHY TPS
Province Local regions »

______ (°C)mmmer (hr) (mm)

Geoje -0.1 0.0 0.1 -02 -162.9 291.8

Geochang 0.3 03 0.5 -0.2 -87.1 229.0

Namhae 0.1 0.1 03 -03 -110.0 238.7

Masan 0.1 0 03 -0.3 -14.0 182.6

Milyang 0.2 0.2 0.4 -0.3 -86.6 123.5

Gyeong-nam Busan 0.2 0.3 0.3 0 -60.6 174.9
Sancheong 0.0 -0.1 0.2 -0.5 -142.3 202.5

Ulsan 0.4 0.2 0.8 -0.6 -68.8 113.8

Jinju 0.4 0.6 0.3 0.2 -41.6 129.6

Tongyeong 0.3 03 0.3 -0.1 -19.7 178.7

Hapcheon 0.3 0.6 03 0.2 -2552 171.8

Gumi 0.6 0.5 0.8 -0.5 -112.7 176.1

Daegu 0.4 0 0.8 -1.0 -91.6 175.5

Mungyeong -0.6 -0.6 -0.4 -0.3 -154.8 236.2

Bonghwa -0.2 -0.4 -0.1 -0.5 139.8 162.0

Andong 0.0 -0.1 0.1 -0.3 -953 1104

Gyeong-buk Yeongdeok -0.4 -0.6 0.1 -0.8 -148.8 233.6
Yeongju 0.1 0 03 -0.5 -139.1 226.5

Yeongcheon 0.2 0.2 0.3 -02 -67.7 160.2

Uljin 0.1 0.1 0.4 -04 -1573 201.5

Uiseong 0 0 0.2 -0.3 -1744 156.7

Pohang 0.5 0.2 0.9 -0.8 39 248.3

UDMAT; Daily mean air temperature, ?MAAT; Maximum air temperature, SMIAT; Minimum air temperature,
YDRAT; Daily range of air temperature, 9SH; Sunshine hours, ®TP; Total precipitation
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Fig. 4. Monthly respiration consumption effect during rice
growing period.

Table 4. Climatic characteristics, climatic yield potential, and respiration consumption effect by local regions of Yeongnam
area during the grain filling period of recent 10 years (40 days after rice heading at Aug. 15)

. . DMAT"? MAAT? MIATY DRATY CT” SH? P?  CYPY 9
Province  Local regions SRCE
S (hr)y  (mm)  (kg/10a)

Geoje 233 274 19.7 77 931 240 362 885 185
Geochang 215 274 17.1 104 858 223 330 923 16.9

Nambhae 235 28.1 202 79 941 230 392 816 19.1

Masan 245 28.5 215 70 982 197 328 564 24.1

Milyang 232 286 18.8 98 927 222 272 826 19.6

G_flz‘l’;lg Busan 248 277 213 64 957 220 273 726 206
Sancheong 23 28.0 182 97 891 207 402 836 19.5

Ulsan 235 274 203 7.1 939 189 298 676 238

Jinju 235 287 194 93 942 202 324 716 219
Tongyeong  24.1 28,0 21.2 68 963 215 291 691 212
Hapcheon 227 28.5 18.5 100 910 197 326 768 214

Gumi 226 28.1 18.4 97 905 210 292 831 19.7

Daegu 237 282 20.1 8.1 948 189 287 654 24.1
Mungyeong  21.0 26.5 168 97 842 229 288 943 16.1

Bonghwa 19.8 26.0 15.0 1.0 791 220 297 838 154

Andong 217 26.9 17.7 93 869 186 260 768 21.0

G_ylfl‘l’lgg Yeongdeok 213 255 179 76 851 241 343 998 154
Yeongju 217 27.1 16.8 104 855 231 327 955 162
Yeongcheon 223 27.7 18.0 9.7 893 215 278 868 18.7

Uljin 214 25.0 182 68 857 210 361 867 18.5

Uiseong 216 278 16.9 110 866 185 273 765 21.1

Pohang 234 27.0 207 63 938 195 326 702 235

UDMAT; Daily mean air temperature, ?MAAT; Maximum air temperature, “MIAT; Minimum air temperature,
YDRAT; Daily range of air temperature, ¥CT; Cumulative daily mean air temperature, “SH; Sunshine hours, "TP;
Total precipitation, ¥ CYP; Climatic yield potential (eq. 1), ?SRCE; Sum of respiration consumption effect (eq. 2)
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Table 5. Possible period of rice cultivation and cumulative daily mean air temperature by local regions of Yeongnam area

Gyeong . Appearance date GPY CT¥  Gyeong Appearance date GP CT
Period o Period N
-nam FD10°C? LD15°c? (days) (°C) -buk FDI0°C LD1s°Cc (days) (°C)
Geoic Nommal Mar28 Oct2l 208 4)6l . Nomal AprS Oct6 185 3764
J Recent Mar.27 Oct.25 213 4223 "™ Recent Mar.31 Oct.14 198 4,063
Geoch Normal  Apr. 7 Oct. 4 181 3,538 b Normal Mar.28 Oct. 18 205 4,257
A Recent Apr7  Oct.3 180 3,594 2% Recent Mar25 Oct.2l 211 4444
Namh Normal Mar.28  Oct. 21 208 4,210 Mun- Normal  Apr. 5 Oct. 8 187 3,749
% Recent Mar27 Oct.25 213 4304 gyeong Recent Apr.5 Oct.11 190 3,696
Masa Normal Mar.27  Oct. 29 217 4,492 B Normal Apr. 17  Sep. 28 165 3,158
" Recent Mar17 Oct.26 24 4576 SO pocent  Apr 14 Oct 1 171 3201
Mil Normal Apr. 4 Oct. 15 195 3,994 And Normal  Apr. 5 Oct. 5 184 3,703
YAE  Recemt Mar.27 Oct.14 202 4,121 O Recent Apr.5  Oct.11 190 3,805
5 Normal Mar.27 Oct.28 216 4316 Yeong- Normal Apr.4  Oct.15 195 3,795
usan
Recent Mar. 14 Oct.27 228 4491 deok  Recent Mar28 Oct.14 201 3,791
Sanch Normal  Apr. 4 Oct. 12 192 3,854 v . Normal Apr.5 Oct. 4 183 3,584
NCNCONE Recent  Mar.31  Oct.14 198 3931 0O"8Y Recent Apr5  Oct. 1l 190 3721
Uls Normal Mar.28  Oct. 21 208 4,173  Yeong- Normal Apr.5 Oct. 12 191 3,827
an Recent Mar.25 Oct.25 215 4382 cheon  Recent Apr.S5 Oct.14 193 3918
Jini Normal  Apr. 4 Oct. 15 195 3,990 Uk Normal  Apr. 4 Oct. 16 196 3,705
va Recent Mar.31 Oct. 14 198 4105 "™  Recent Mar.28 Oct.15 203 3,788
Ton Nomal Mar28 Oct.27 214 4274 Normal Apr.7 Oct.4 181 3,614
EYCONS Recent Mar.17 Oct.27 225 4445 "% Recent Apr.7  Oct.3 180 3,597
Hanch Normal  Apr. 4 Oct. 13 193 3,934 Poh Normal  Apr. 3 Oct. 21 202 4,123
Ao pecent  Apr.1  Oct.14 197 4,034 O™ Recent Mar25 Oct.25 215 4402

UFD10°C: First appearance date of daily mean air temperature of

mean air temperature of 15°C, ?GP; Growing period, ’CT; Cumulative daily mean air temperature

10°C, PLDI15°C: Last appearance date of daily
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Table 6. Heading period by local regions to produce high quality rice in Yeongnam atea

Appearance date

Period (days)
Province  Local regions FDMT22°C" FDMT20°C?
Normal Recent Normal Recent Normal Recent
Geoje Aug. 25 Aug, 25 Sep. 5 Sep. 6 12 13
Geochang Aug. 11 Aug. 12 Aug. 21 Aug. 24 11 13
Namhae Aug. 25 Aug. 27 Sep. 5 Sep. 7 11 12
Masan Sep. 1 Sep. 3 Sep. 12 Sep. 13 12 11
Milyang Aug. 21 Aug. 23 Aug. 31 Sep. 3 11 12
G_ﬁ:ﬁg Busan Aug. 28 Aug. 31 Sep. 10 Sep. 12 14 13
Sancheong Aug. 17 Aug. 17 Aug. 27 Aug, 28 11 12
Ulsan Aug. 23 Aug. 26 Sep. 3 Sep. 7 12 13
Jinju Aug.21 Aug. 25 Aug. 31 Sep. 4 11 11
Tongyeong Aug. 28 Aug. 31 Sep. 9 Sep. 12 13 13
Hapcheon Aug. 19 Aug. 20 Aug. 28 Aug. 31 10 12
Gumi Aug. 15 Aug. 19 Aug. 25 Aug. 30 11 12
Daegu Aug. 23 Aug. 27 Sep. 2 Sep. 6 11 1
Mungyeong Aug. 14 Aug. 10 Aug. 24 Aug. 21 11 12
Bonghwa Aug. 5 Jul. 31 Aug. 16 Aug. 14 12 15
Andong Aug. 16 Aug. 14 Aug. 25 Aug. 25 10 12
G_ybel‘l’;‘g Yeongdeok Aug. 15 Aug. 10 Aug. 27 Aug. 25 13 16
Yeongju Aug. 11 Aug. 12 Aug.21 Aug. 23 11 12
Yeongcheon Aug. 16 Aug. 17 Aug. 26 Aug. 28 11 12
Uljin Aug. 12 Aug. 11 Aug. 26 Aug. 26 15 16
Uiseong Aug. 14 Aug. 13 Aug. 23 Aug. 24 10 12
Pohang Aug. 22 Aug. 26 Sep. 3 Sep. 8 13 14

UFDMT22°C : First appearance date of moving mean air temperature of 22°C during 40 days of ripening periods
DEDMT20°C : First appearance date of moving mean air temperature of 20°C during 40 days of ripening periods
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Table 7. Optimum heading date by local regions based on maximum climatic yield potential during 40 days after rice heading

Provi Local MCYP(kg/10a) OHD?(mm. dd)
rovinee regions Normal Recent  Difference® Normal Recent Difference?

Geoje 1,144 1,039 -105 Aug. 28 Aug. 28 0
Geochang 1,021 935 -86 Aug. 15 Aug. 18 3
Namhae 1,109 1,025 -84 Aug. 31 Sep. 1 1
Masan 957 951 -6 Sep. 7 Sep. 7 0
Milyang 1,033 956 =77 Aug. 24 Aug. 27 3

Gjigzg Busan 972 965 7 Sep. 1 Sep. 7 6
Sancheong 1,008 890 -118 Aug. 19 Aug. 22 3
Ulsan 888 853 -35 Aug. 28 Sep. 1 4
Jinju 910 906 -4 Aug. 27 Aug. 28 1
Tongyeong 971 985 14 Sep. 1 Sep. 7 6
Hapcheon 1,063 867 -196 Aug. 22 Aug. 27 b
Gumi 1,015 905 -110 Aug. 19 Aug. 27 8
Daegu 952 884 -68 Aug. 28 Sep. 1 4
Mungyeong 1,113 955 -158 Aug. 18 Aug. 11 -7
Bonghwa 849 941 92 Aug. 11 Jul. 31 -11
Andong 873 783 -90 Aug. 19 Aug. 19 0

Gﬁ;ﬁ?g Yeongdeok 1,150 1,008 -142 Aug. 19 Aug. 17 2
Yeongju 1,091 967 -124 Aug. 18 Aug. 20 2
Yeongcheon 996 914 -82 Aug. 19 Aug. 21 2
Uljin 1,027 884 -143 Aug. 19 Aug. 20 1
Uiseong 982 779 -203 Aug. 18 Aug. 18 0
Pohang 881 865 -16 Aug. 31 Sep. 1 1

UMCYP; Maximum climatic yield potential, ?OHD; Optimum heading date, PDifference (kg/10a)=MCYP of Recent
(1996~2005) - MCYP of Normal (1971~2000), “Difference (day)=OHD of Recent (1996~2005)- OHD of Normal

(1971~2000)
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Table 8. Daily mean air temperature, sunshine hours, and respiration consumption effect by local regions during 40 days after

rice heading at optimum heading date

Provi Local DMAT"(°C) SH?(hr) SRCE?
rovinee regions Normal Recent Normal Recent Normal Recent
Geoje 214 215 276 251 13.0 15.9
Geochang 212 21.0 247 227 14.4 16.1
Namhae 20.9 21.1 270 248 13.1 15.1
Masan 20.9 212 233 230 15.6 16.1
Milyang 214 21.3 249 231 14.5 16.7
G_-‘{lz(l’gg Busan 214 209 235 235 15.5 153
Sancheong 215 212 244 216 15.1 172
Ulsan 21.1 21.0 215 207 16.6 18.2
Jinju 20.9 214 21 219 16.0 17.7
Tongyeong 213 209 235 240 155 152
Hapcheon 21.3 20.9 257 211 14.0 17.5
Gumi 21.3 20.6 245 223 14.7 16.1
Daegu 21.1 21.0 230 - 215 15.6 17.3
Mungyeong 21.1 21.8 269 232 13.4 16.6
Bonghwa 21.0 220 206 230 174 17.1
Andong 214 211 211 190 174 19.8
Gfﬁ?g Yeongdeok 213 210 278 244 129 15.0
Yeongju 20.7 20.6 267 239 13.0 14.9
Yeongcheon 21.5 213 241 221 15.1 17.1
Uljin 21.0 20.8 249 216 14.1 17.3
Uiseong 21.1 21.1 238 189 15.0 20.1
Pohang 20.6 21.1 217 209 16.0 18.3

DDMAT; Daily mean air temperature, ?SH; Sunshine hours, SRCE; Sum of respiration consumption effect
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