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ABSTRACT

This study was conducted to estimate the damage of Whole Crop Corn (WCC; Zea Mays L.) according to abnormal climate using
machine learning as the Representative Concentration Pathway (RCP) 4.5 and present the damage through mapping. The collected
WCC data was 3,232. The climate data was collected from the Korea Meteorological Administration's meteorological data open portal.
The machine learning model used DeepCrossing. The damage was calculated using climate data from the automated synoptic
observing system (ASOS, 95 sites) by machine learning. The calculation of damage was the difference between the dry matter yield
(DMY )normat and DMYapnorma. The normal climate was set as the 40-year of climate data according to the year of WCC data
(1978-2017). The level of abnormal climate by temperature and precipitation was set as RCP 4.5 standard. The DMY noma ranged from
13,845-19,347 kg/ha. The damage of WCC which was differed depending on the region and level of abnormal climate where
abnormal temperature and precipitation occurred. The damage of abnormal temperature in 2050 and 2100 ranged from -263 to 360
and -1,023 to 92 kg/ha, respectively. The damage of abnormal precipitation in 2050 and 2100 was ranged from -17 to 2 and -12 to
2 kg/ha, respectively. The maximum damage was 360 kg/ha that the abnormal temperature in 2050. As the average monthly
temperature increases, the DMY of WCC tends to increase. The damage calculated through the RCP 4.5 standard was presented as
a mapping using QGIS. Although this study applied the scenario in which greenhouse gas reduction was carried out, additional
research needs to be conducted applying an RCP scenario in which greenhouse gas reduction is not performed.
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Damage of Whole Crop Corn by Abnormal Climate as RCP 4.5

St 5= Z(representative concentration pathway, RCP)=
21 HEge] A Aol T jeuist ALl 26(4
T2 7F5), 4.5, 6.5 E 8.5(2A7IA AFHA YPDHE 47HA]
AU R7F QITHNIMR, 2011). RCP 71995} AJU=] Q. (RCP Al
U2 @)= Halelal Q= 2AVEAE A1Esl7] whze] WMO
AEths oV 7VEE WY 4 e Zlom woEn: ESE
NIHHS(2014)°]4] AAIRE RCP Alu2] Q= ZF A|92] & Bt
71 B 75 HIe[EE ARBIAL Qo] WMOS| HiHET o7V
of| W oS Hrt AlEsH| E4 4= ke o= AZHEr:

EpA 2 AP RCP AU RS 2Rt o7 ide 2185t
WCC T3S AAIsk] fIsiA 71AsKs e ol8si3om,
&% vsige AR AASIAH. 2 HAtol 283t RCP
AU Q= 2A7EAARE g 3o] IR RCP 4.5 AU RE I
2313tk

0. M= 2 g

1. HOlE =8 & 715

weee] dlofe] =342 1978WRE 2017d7E% 0 3=
WCC Hlo[H= 583439 52 Y ARAE E54U884
A ARISEZAREM=1,219), PS4 A AL E LA
(n=1,294), E=541813A|(n=8), SH2A|ZALR SIS R]|(n=707)
U SIPReB-40ld B 320288 SUBT, SUT FE
ApAI, 50l 2ol 9 DMY 52 melel ol 2 <
ol o-&3t 714 Elol8= 71 7R RN EE(KMA,
Weather Data Service-Open MET data portal)ol|4 $-2lu=t
A 23714 (automated synoptic observing system; ASOS,
1027142 9] HloTElE 5}tk Table 1). 7VHCIE 2] 32
WCC2| Ho|§7} EAok= A2 1978WRE 20177149

Table 1. Mean temperature, precipitation, and wind speed by region under normal climate data per hour for experimental

period (1978-2107)

Temperature (C)

Precipitation (mm)

Location Mean SD* Mean SD
Andong 19.30 0.61 0.22 0.06
Baengnyeongdo 17.65 0.58 0.27 0.09
Boeun 18.26 0.89 0.19 0.06
Bonghwa 17.09 0.63 0.19 0.05
Boryeong 19.24 0.66 0.18 0.03
Boseong-gun 20.59 0.35 0.21 0.05
Buan 19.44 0.76 0.21 0.06
Busan 20.39 0.63 0.23 0.06
Buyeo 19.48 0.65 0.21 0.05
Changwon 20.89 0.52 0.19 0.06
Cheomchalsan mountain 17.97 0.41 0.24 0.06
Cheonan 19.20 0.65 0.23 0.06
Cheongju 20.10 0.74 0.22 0.06
Cheongsong-gun 18.23 0.37 0.23 0.06
Cheorwon 18.14 0.54 0.26 0.07
Chuncheon 19.01 0.65 0.22 0.05
Chungju 19.14 0.89 0.24 0.06
Chupungryeong 18.69 0.53 0.23 0.06
Daegu 21.02 0.64 0.23 0.07
Daegwallyeong 13.92 0.74 0.30 0.09
Dagjeon 20.05 0.63 0.22 0.06
Dongducheon 19.05 0.60 0.21 0.05
Donghae 18.64 0.92 0.30 0.08
Ganghwa 18.40 0.55 0.21 0.06
Gangneung-si 19.54 0.66 0.23 0.06
Geochang 18.58 0.79 0.26 0.08
Geoje 20.11 0.81 0.23 0.06
Geumsan 18.95 0.65 0.21 0.05
Gimhae-si 21.54 0.42 0.25 0.07
Gochang 20.02 0.52 0.25 0.08
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Table 1. Continued

Damage of Whole Crop Corn by Abnormal Climate as RCP 4.5

Location

Temperature (C)

Precipitation (mm)

Mean SD* Mean SD

Gochang-gun 20.50 0.34 0.24 0.06
Goheung 19.86 0.73 0.19 0.05
Gosan 20.53 0.50 0.22 0.06
Gumi 19.55 1.10 0.17 0.04
Gunsan 19.65 0.59 0.18 0.05
Gwangju 20.61 0.65 0.21 0.05
Gwangyang 21.36 0.28 0.20 0.05
Gyeongju-si 19.87 0.62 0.19 0.05
Haenam 19.79 0.58 0.18 0.04
Hamyang-gun 19.52 0.42 0.17 0.05
Hapcheon 19.80 0.84 0.22 0.06
heuksando 18.66 0.42 0.18 0.04
Hongcheon 18.32 1.10 0.17 0.06
Icheon 19.18 0.99 0.17 0.05
Imsil 18.24 0.73 0.17 0.05
Incheon 19.25 0.69 0.15 0.02
Inje 17.64 0.87 0.18 0.06
Jangheung 19.52 0.82 0.22 0.06
jangsu 17.64 0.60 0.18 0.04
Jecheon 17.79 1.05 0.23 0.06
Jeju 21.07 0.71 0.25 0.07
Jeongeup 20.10 0.67 0.24 0.07
Jeongseon-gun 18.11 0.53 0.21 0.06
Jeonju 20.41 0.63 0.22 0.06
Jindo-gun 20.34 0.58 0.13 0.04
Jinju 20.03 0.50 0.20 0.06
Juam 19.34 0.76 0.24 0.07
Miryang 19.99 0.97 0.24 0.06
Mokpo 20.16 0.54 0.18 0.05
Mungyeong 18.83 0.85 0.24 0.04
Namhae 20.24 0.92 0.26 0.08
Namwon 19.46 0.79 0.24 0.06
North Changwon 20.81 0.43 0.19 0.04
North Gangneung 19.11 0.52 0.24 0.07
Paju 18.82 0.62 0.24 0.07
Pohang 20.43 0.75 0.26 0.06
Samcheok 18.36 0.94 0.18 0.04
Sancheong 19.46 0.78 0.24 0.06
Sangju 19.67 0.59 0.21 0.06
Seogwipo 21.57 0.64 0.18 0.04
Seongsan 20.54 1.00 0.19 0.03
Seongsanpo 20.46 0.91 0.20 0.05
seosan 19.03 0.53 0.20 0.06
Seoul 20.02 0.69 0.22 0.06
Sokcho 18.43 0.71 0.20 0.05
Sunchang-gun 19.88 0.35 0.23 0.04
Suncheon 19.58 0.55 0.22 0.06
Suwon 19.58 0.79 0.24 0.06
Taebaek 15.66 0.78 0.21 0.05
Tongyeong 20.22 0.52 0.21 0.05
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Damage of Whole Crop Corn by Abnormal Climate as RCP 4.5

Table 1. Continued

Temperature (C)

Precipitation (mm)

Location

Mean SD* Mean SD

Uiryeong-gun 19.74 0.72 0.17 0.05
Uiseong 18.83 0.84 0.30 0.08
Uljin 18.39 0.64 0.29 0.07
Ulleungdo 18.11 0.65 0.29 0.08
Ulsan 20.31 0.60 0.22 0.07
Wando 20.07 0.60 0.21 0.05
Wonju 19.14 0.94 0.20 0.05
Yangpyeong 19.00 0.93 0.22 0.05
Yangsan-si 21.21 0.47 0.21 0.06
Yeongcheon 19.35 0.86 0.21 0.05
Yeongdeok 19.00 0.82 0.22 0.06
Yeonggwang-gun 19.96 0.34 0.28 0.32
Yeongju 18.59 0.63 0.21 0.05
Yeongwol 18.57 0.61 0.23 0.21
Yeosu 20.27 0.54 0.21 0.05

*SD : Standard deviation.
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Table 2. Climate data used under the non—existing automated synoptic observing system

Location of non-existing ASOS" Applied ASOS”

Location of non-existing ASOS Applied ASOS

Anseong Suwon
Asan Cheonan
Chilgok Gumi
Dangjin Seosan
Gimje Buan
Gunwi Uiseong
Gwangju Seoul
Gwangsan Gwangju Metropolitan City
Gyeongsan Daegu
Hwaseong Suwon

Iri Jeonju
Jinbu Gangneung
Pyeongchang Wonju
Seocheon Boryeong
Seonghwan Cheonan
Seongju Gumi
Uijeongbu Seoul
Yeoju Icheon
Yeongam Haenam
Yuseong Daejeon

*ASOS : Automated Synoptic Observing System.
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Table 3. R? and root mean square deviation of whole crop corn yield prediction model by machine learning technique

Machine learning techniques R? RMSE"
Linear 0.4534 0.1938
Factorization model 0.5278 0.1801

Deep 0.5392 0.1779
DeepCrossing 0.5442 0.1769
Wide&Deep 0.5208 0.1814

DeepFM 0.5000 0.1853
Compressed interaction network 0.5121 0.1831
xDeepFM 0.5254 0.1805

*RMSE : Root mean square deviation.
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Table 4. Predicted dry matter yield of whole crop corn by normal climate

*

Location DMY Location DMY Location DMY
kg/ha kg/ha kg/ha

Andong 17,541 Gunsan 17,558 Pohang 16,799
Boeun 15,950 Gwangyang 15,415 Samcheok 15,069
Bonghwa 16,802 Gyeongju-si 16,814 Sancheong 16,405
Boryeong 14,383 Haenam 15,105 Sangju 17,566
Boseong-gun 17,088 Hamyang-gun 14,797 Seogwipo 16,889
Buan 14,861 Hapcheon 15,158 Seongsan 17,468
Buyeo 15,076 heuksando 17,897 Seongsanpo 17,442
Changwon 15,190 Hongcheon 16,750 seosan 14,706
Cheomchalsan mountain 18,027 Icheon 16,590 Sokcho 16,826
Cheonan 16,480 Imsil 15,684 Sunchang-gun 17,882
Cheongju 19,347 Inje 16,678 Suncheon 16,251
Cheongsong-gun 16,217 Jangheung 16,115 Suwon 17,181
Cheorwon 17,114 Jangsu 16,079 Tacbaek 16,091
Chuncheon 17,828 Jecheon 15,205 Tongyeong 15,187
Chungju 17,450 Jeju 15,154 Uiryeong-gun 13,845
Chupungryeong 15,782 Jeongeup 16,033 Uiseong 15,587
Daegwallyeong 17,543 Jeongseon-gun 17,329 Uljin 17,887
Dongducheon 17,035 Jeonju 17,761 Ulleungdo 16,637
Donghae 15,780 Jindo-gun 15,601 Wando 16,320
Gangneung-si 17,751 Jinju 15,893 Wonju 16,946
Geochang 16,947 Juam 16,469 Yangpyeong 16,209
Geoje 15,079 Miryang 16,283 Yangsan-si 14,955
Geumsan 17,056 Mokpo 17,882 Yeongcheon 16,136
Gimhae-si 17,931 Mungyeong 16,983 Yeongdeok 14,617
Gochang 16,090 Namhae 17,575 Yeonggwang-gun 15,377
Gochang-gun 16,560 Namwon 16,494 Yeongju 17,080
Goheung 14,500 North Changwon 18,292 Yeongwol 17,470
Gosan 17,811 North Gangneung 16,835 Yeosu 15,353
Gumi 18,853 Paju 15,003 Mean 16,461

'DMY : Dry matter yield
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Table 5. Calculated damage of whole crop corn by abnormal temperature as RCP 4.5

Location 2050 year 2100 year Location 2050 year 2100 year
kg/ha kg/ha

Andong -134 -390 Jeju -160 -312
Boeun -150 -401 Jeongeup -180 -425
Bonghwa -155 -392 Jeongseon-gun -127 -370
Boryeong -123 -362 Jeonju -199 -382
Boseong-gun -113 -298 Jindo-gun -144 -371
Buan -185 -423 Jinju -123 -346
Buyeo -162 -436 Juam -146 -435
Changwon -115 -337 Miryang -128 -346
Cheomchalsan mountain 24 42 Mokpo -114 -194
Cheonan -145 -427 Mungyeong -152 -429
Cheongju -181 -429 Namhae -123 -338
Cheongsong-gun -116 -334 Namwon -171 -395
Cheorwon -92 -1,023 North Changwon -127 -341
Chuncheon -109 -423 North Gangneung -138 -427
Chungju -147 -436 Paju -109 -388
Chupungryeong -136 -358 Pohang -95 -285
Daegwallyeong -51 -117 Samcheok 360 92
Dongducheon -112 -427 Sancheong -129 -355
Donghae -143 -383 Sangju -153 -396
Gangneung-si -129 -357 Seogwipo -161 -334
Geochang -138 -375 Seongsan -147 -312
Geoje -127 -357 Seongsanpo 4 25
Geumsan -158 -400 Seosan -136 -384
Gimhae-si -110 -289 Sokcho =78 -347
Gochang -143 -359 Sunchang-gun -160 -395
Gochang-gun -150 -375 Suncheon -132 -323
Goheung -148 -378 Suwon -150 -426
Gosan -41 -92 Taebaek -65 -230
Gumi -147 -372 Tongyeong -100 -323
Gunsan -114 -289 Uiryeong-gun -129 -363
Gwangyang -118 -317 Uiseong -141 -410
Gyeongju-si -118 -345 Uljin -116 -292
Haenam -144 -375 Ulleungdo -23 -115
Hamyang-gun -135 -312 Wando -130 -316
Hapcheon -130 -362 Wonju -132 -414
heuksando -60 -144 Yangpyeong -135 -449
Hongcheon -118 -420 Yangsan-si -105 -298
Icheon -129 -419 Yeongcheon -122 -358
Imsil -157 -377 Yeongdeok -109 -374
Inje -101 -399 Yeonggwang-gun -141 -353
Jangheung -174 -398 Yeongju -158 -412
Jangsu -163 -365 Yeongwol -133 -391
Jecheon -263 -477 Yeosu -51 -151
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Table 6. Calculated damage of whole crop corn by abnormal precipitation as RCP 4.5

Location 2050 year 2100 year Location 2050 year 2100 year
-------- kg/ha -------- --------- kg/ha ---------
Andong -7 0 Jeju -4 -1
Boeun -14 -3 Jeongeup -11 -5
Bonghwa -10 -2 Jeongseon-gun -11 2
Boryeong -9 -3 Jeonju -8 -4
Boseong-gun -8 -1 Jindo-gun -6 2
Buan -8 -3 Jinju -7 0
Buyeo -12 -5 Juam -8 -4
Changwon -6 1 Miryang -17 -12
Cheomchalsan mountain -11 -2 Mokpo -9 0
Cheonan -7 -2 Mungyeong -9 -3
Cheongju -9 -2 Namhae -7 0
Cheongsong-gun -6 -2 Namwon -11 -7
Cheorwon -10 -5 North Changwon -6 0
Chuncheon -13 -6 North Gangneung -4 2
Chungju -9 -2 Paju -8 -5
Chupungryeong -8 -2 Pohang -3 -2
Daegwallyeong -11 -5 Samcheok -2 0
Dongducheon -9 -6 Sancheong -8 2
Donghae -4 0 Sangju -9 -1
Gangneung-si -4 -2 Seogwipo -4 -1
Geochang -11 -5 Seongsan -4 -2
Geoje -6 0 Seongsanpo -4 2
Geumsan -12 -3 Seosan -10 -4
Gimhae-si -6 0 Sokcho -11 -5
Gochang -10 -2 Sunchang-gun -9 -4
Gochang-gun -7 -1 Suncheon -8 -1
Goheung -9 -1 Suwon -7 -4
Gosan -5 -3 Taebaek -12 -6
Gumi -6 -2 Tongyeong -7 1
Gunsan -11 -4 Uiryeong-gun -4 2
Gwangyang -10 -2 Uiseong -6 -1
Gyeongju-si -4 -1 Uljin -5 0
Haenam -6 1 Ulleungdo -3 1
Hamyang-gun -11 -4 Wando -7 -1
Hapcheon -7 0 Wonju -10 -3
heuksando -10 -1 Yangpyeong -9 -5
Hongcheon -12 -6 Yangsan-si -5 0
Icheon -11 -3 Yeongcheon -4 0
Imsil -13 -7 Yeongdeok -3 0
Inje -9 -4 Yeonggwang-gun -9 -2
Jangheung -8 -1 Yeongju -7 -3
Jangsu -17 -9 Yeongwol -11 -3
Jecheon -13 -3 Yeosu -9 -2
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| 13,845 ~ 15415

Fig. 1. Mapping on dry matter yield of whole crop corn under normal climate at 2020.
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Fig. 2. Mapping on damage of whole crop corn under abnormal climate as RCP 4.5,
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