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ABSTRACT

The objective of this study was conducted to calculate the damage of whole crop maize in accordance with abnormal climate using
the forage yield prediction model through machine learning. The forage yield prediction model was developed through 8 machine
learning by processing after collecting whole crop maize and climate data, and the experimental area was selected as Gyeonggi-do.
The forage yield prediction model was developed using the DeepCrossing (R?=0.5442, RMSE=0.1769) technique of the highest
accuracy among machine learning techniques. The damage was calculated as the difference between the predicted dry matter yield of
normal and abnormal climate. In normal climate, the predicted dry matter yield varies depending on the region, it was found in the
range of 15,003~17,517 kg/ha. In abnormal temperature, precipitation, and wind speed, the predicted dry matter yield differed
according to region and abnormal climate level, and ranged from 14,947 to 17,571, 14,986 to 17,525, and 14,920 to 17,557 kg/ha,
respectively. In abnormal temperature, precipitation, and wind speed, the damage was in the range of -68 to 89 kg/ha, -17 to 17
kg/ha, and -112 to 121 kg/ha, respectively, which could not be judged as damage. In order to accurately calculate the damage of
whole crop maize need to increase the number of abnormal climate data used in the forage yield prediction model.
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Table 1. Data source and numbers of data on WCM
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1. WCM C[0]E] £& & 73

£ Aolldl WCM ElofEl = A8 AR, 95
AR A[ATE A, SHEEARISIR], S RARALE S]]
A 9 AR S4220] AufjaiFo] et Shef=RollA] 4
slglom E4of W2 Hlo]E] 4= Table 13} At} HlojE|Y] 4=
7] A= 1978ARH 2017W7EX]0|H, DMY, AR, w5
9 581 5& Eoka itk

WCM HoJg] 7k 3gofal= 4] WCM Hlo]E|(n=3,232)
SRE] DMYQ] opdS AASIIE WA DMYS] S|AE T
< ERIgH Ayt Hx9] mejolA] HiFd(cut-off)o] UER} ol
oo wetslgict oS 7,000 kg/ha IR 12137 26,000
kg/ha Z31Q1 DMY 1L o]o] sfgol= B-go] 4-519] 3%3
o} AAGE Hlofel= & 20470]30M XFH o FAof ol §
2t WCM toJEl= & 3,028%]0]tk. WCM Hlolg 7k A-&
DMY 7o) ®9l= 65~35,209 kg/haolA] 7,848~25,094 kg/has
HAE| I

FHASEEL tlofE] 7 WEE o] Tk &
g aEsto] B Aol e A71E 70 AGCER 9, 4,
o}F, o]H, 9FE 2 314)9] WCM Ho[ElS o] 83lo] S35}
Ik A71% A9 WCM HlolE]7} 1,534 0= Ef ko |5
wokor o= AA WCM doJgle] oF 47%E ARSIt

Data source

Numbers of data

NACEV 1,219
NIAS? 1,294

KOJASY 8

KSGFS? 707
Thesis 4
Total 3,232%

1)Adaptability test of imported varieties of grasses and forage crops operated by National Agricultural Cooperative Federation

DNational Institute of Animal Science, RDA
YKorean Journal of Animal Science
“Journal of the Korean Society of Grassland and Forage Science

The description of the source of WCM data collected in this study was omitted because these were too many documents.
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Table 2. Cultivation region and number of data on WCM used constructing yield prediction model

Cultivation region Numbers of data

Cultivation region Numbers of data

Andong 2
Anseong 7
Asan 6
Bonghwa 26
Cheonan 243
Cheongju 3
Chilgok
Chuncheon 1
Daegwallyeong 167
Dangjin 16
Gimje 33
Gochang 4
Gunwi 4
Gwangju(Gyeonggi-do) 12
Gwangju(Jeollanam-do) 29
Gwangsan 3
Gyeongsan 66
Hongcheon 29
Hwaseong 14
Icheon 99
Inchoen 20

Jeju 40
Jinbu 9
Jinju 75
Nambhae 8
Pyeongchang 31
Sangju 89
Seocheon 18
Seonghwan 379
Seongju 155
Suncheon 2
Suwon 1,370
Uijeongbu 11
Wonju 6
Yeoju 21
Yeongam 37
Yeonggwang 10
Yeongju 33
Yesan 3
Yuseong 3
No cultivation region 147

(Table 2).
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Table 3. Average and standard deviation for temperature, precipitation, and wind speed in WCM collected data

Region Temperature(C) Precipitation(mm) Wind speed(m/s)
Average SD* Average SD Average SD
Dongducheon 19.05 0.60 0.26 0.07 1.59 0.17
Icheon 19.18 0.99 0.23 0.06 1.13 0.19
Paju 18.82 0.62 0.23 0.07 1.64 0.12
Suwon 19.58 0.79 0.22 0.05 1.70 0.65
Yangpyeong 19.00 0.93 0.24 0.06 1.08 0.26
*Standard deviation
Table 4. R?> and RMSE value for yield prediction model by machine learning
Technique R? RMSE’
Linear 0.4534 0.1938
FM 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
CIN 0.5121 0.1831
xDeepFM 0.5254 0.1805
*Root Mean Square Error
Table 5. Predicted DMY of WCM through forage yield prediction model in normal climate
Region DMY"“(kg/ha)
Dongducheon 17,035
Icheon 16,487
Paju 15,003
Suwon 17,155
Yangpyeong 17,517

*Dry Matter Yield
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AFof|A] 0183t 7| AISES B3 WCME] Sof&mdle R*ZE
0] 0.5442% 7} %71 RMSEZIO] 017693 714 LR DeepCrossing
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Table 6. Predicted DMY of WCM through forage yield prediction model in accordance with abnormal temperature level

Abnormal temperature level

Region B 1 1 i)
kg/ha
Dongducheon 17,010 17,022 17,048 17,062
Icheon 16,441 16,464 16,519 16,547
Paju 14,947 14,973 15,036 15,069
Suwon 17,078 17,126 17,186 17,223
Yangpyeong 17,428 17,475 17,547 17,571

*Variation value per abnormal temperature level(C): Dongducheon(0.60), Icheon(0.99), Paju(0.62), Suwon(0.79) and Yangpyeong(0.93)

Table 7. Predicted DMY of WCM through forage yield prediction model in accordance with abnormal precipitation level

Abnormal precipitation level

Region
-2 -1 +1 +2
kg/ha

Dongducheon 17,031 17,033 17,037 17,039
Icheon 16,480 16,483 16,491 16,494
Paju 14,986 14,994 15,011 15,020
Suwon 17,148 17,152 17,158 17,162
Yangpyeong 17,508 17,513 17,521 17,525

*Variation value per abnormal precipitation level(mm): Dongducheon(0.07), Icheon(0.06), Paju(0.07), Suwon(0.05) and Yangpyeong(0.06)

Table 8. Predicted DMY of WCM through forage yield prediction model in accordance with abnormal wind speed level

Abnormal wind speed level

Region
-2 -1 +1 +2
kg/ha

Dongducheon 17,071 17,052 17,015 16,992
Icheon 16,498 16,495 16,472 16,451
Paju 15,091 15,047 14,960 14,920
Suwon 17,267 17,215 17,095 17,041
Yangpyeong 17,557 17,542 17,471 17,396

*Variation value per abnormal wind speed level(m/s): Dongducheon(0.17), Icheon(0.19), Paju(0.12), Suwon(0.65) and Yangpyeong(0.26)

HojFQitk of= t& mdof H]s) R*Zlo] &obA =3
11 RMSEZfo] WolA] 057} AL =S 4543} Ofm]

3tk WeMe] S=olEo] 183 Hlolels 2 AlAde] ad
B W) grolme ARKG 718, 74k B4 5 ARHoR

HE o] 135t ek I EE 7ABKs 7Ho

A

F3HRE ARESH= Linear 7oA <£4] gL Linear2} Deep=
2Rt Wide&Deep 7 M= AF3 S 12fol] wheol £
A kit ESE P ESHE ARESk= FM, DeepFM, CIN 2
xDeepFM 7|52 o[BS 2~37] =Rt vlwslr] wiEo] -8
St eS 27] 07| whze] “gede] Holrit}. @3]= A8
O gut 32495 Deep 7]H1} DeepCrossing 7]Ho| AJAE G4
o] ofe) doletg vlwah] thEe] %2 HES A A
O3 mEh DeepCrossings B9 &R AR AESH A

3713oI WCMS] DMY 9fl&gkE Ao w2} Zjo]7} e
™ 15,003~17,517 kg/ha 9K Table 5).

DeepCrossingS £3+ $alEndg AESE ojA}7|2ojA
WCME] DMY &gk A3} od7] S wet 2lo)7t
ANO™ 14,947~17,571 kg/ha HHTHTable 6). oA}7]L0]
T2 WCMS] DMY &3k 2E A HoflA] o7l 4520]
EOHFE TR S Hou S71Fo] vlHgh =019
o 7120] A5ZE DMY dl&gio] $718kE o= WCM
9] A5 A 25t o] Sli= A 07 HRItk WCME U3
7]20] A 8T, FZ] 32~34C, 3L 40TD W F5ES At
H B o] B A B 26~32C, EY 0]
FES A g2 35~38ColA FEA s2o] Lilsict
(Lee and Kim, 2019). A7|% A 9E WCM A3571719] B
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Table 9. Damage of WCM through forage yield prediction model in accordance with abnormal temperature level

Abnormal temperature level

Region

-2 -1 +1 +2
kg/ha

Dongducheon 25 13 -13 -27
Icheon 46 23 -32 -60
Paju 56 30 -33 -66
Suwon 77 29 31 -68
Yangpyeong 89 42 -30 -54

*Variation value per abnormal temperature level(C): Dongducheon(0.60), Icheon(0.99), Paju(0.62), Suwon(0.79) and Yangpyeong(0.93)

Table 10. Damage of WCM through forage yield prediction model in accordance with abnormal precipitation level

Abnormal precipitation level

Region

2 -1 +1 +2
kg/ha

Dongducheon 4 2 -2 -4
Icheon 4 -4 -7
Paju 17 9 -8 -17
Suwon 7 3 -3 -7
Yangpyeong 4 -4 -8

*Variation value per abnormal precipitation level(mm): Dongducheon(0.07), Icheon(0.06), Paju(0.07), Suwon(0.05) and Yangpyeong(0.06)

Table 11. Damage of WCM through forage yield prediction model in accordance with abnormal wind speed level

Abnormal wind speed level

Region

-2 -1 +1 +2
kg/ha

Dongducheon -36 -17 20 43
Icheon -11 -8 15 36
Paju -88 -44 43 83
Suwon -112 -60 60 114
Yangpyeong -40 -25 46 121

*Variation value per abnormal wind speed level(m/s): Dongducheon(0.17), Icheon(0.19), Paju(0.12), Suwon(0.65) and Yangpyeong(0.26)

22 18.8~19.6C= o710l oJsf 7]20] 45T 73F 2319
WCME] A7 BS-250 717114 DMY 7 57I5k= Z0& At
i=A3|=h

DeepCrossingZ &3t TS HAR ARE3t o d=ggollA
WCME] DMY &3k A9} o7 S0 wet Ajol7t
9Jglom 14,986~17,525 kg/ha HLHTK Table 7). ©PAF73<=]
T2 WCMS] DMY &3k E 2| HojlA] opidsdg o50]
EOHSE 7ok A4S Bou S7IEo] iRt =50]9]
tf. WCM2 &3fjo] ekt A28 LEA 3ol %(Shin et al.,
2017) 7F=rigo] /1S DMY 7| S71oke 23t Uehrd A

o= Hof 2 Aol AR oliFPITHSET 0.05~0.07
mm/hr)-& WCMS] DMYOl| o] 53l WshE WYAI71A] St
£ FERl Ao woE: 9t ol 6 W 79 o] St
7t WCM?] gk S719F BAZE th= Kucharik and Serbin
(2008)9] X1} FARY AAS HERdcE o] 44T o
WCMS] DMY7} 243 2.2 WCMo| 7120 oJs) WsiE w9k
7] Gl Ao E Hltk WCME C, 2HE0] B4 U &
of vlaf 71gll Ahaog 733t EAS 7HAEE 7|1 $RiskE Q1
slo] 718 @Afo] A&E 749 DMY 7} Z4st Zlog di&Fc)
(Chung et al., 2019). @A 7kzoll s WCM9] 40| 5=
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wre. 7} o HalE|o] QItk(Ji et al, 2011; Min et al,
2021). mEpA 2 A9 29E Hok o) WCMY| B¢ =
ZA71% 71V 3ollA SofEnt 71E0] ofgt Tt AT AR Als
Hrk

DeepCrossings B9t SRR AE3St o g4
WCMS] DMY &3k A9} o8 4ol wet AJol7}
Q10 m 14,920~17,557 kg/ha HYGTKTable 8). o4FE<o]
T2 WCME] DMY &gk BE X GojlA] o F8< $50]
EoHSE Aok A4S Holot ghaego] nu[gt 4=20]9]
o} 2 AtolA WCM2 g&0] 3715 & 7157/g0] =o}
| DMY7} 3348 Z10 = Ho|u} o]el T A7} glof Qlat
TS FEsl] 98t A7t Z 8ot

2. OJAIZIAL %0 M2 WCMO| |51

OVI712, oVZrd & oVdES =0l ke WCM2] 1l
2R 7¥7F 68~89 kg/ha, -17~17 kg/ha D -112~121 kg/ha H<)
Qth(Table 9~11). oP37| 420 WE WCMe] Z|of njsfig:
oA AIZEG 7120] 1.86C A2 )T wf 89 kg/ha=
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& FEolth £ AtoflA] wsfie] AA WAt olf= TIARE
o ARGE 7V HlelE7t thiE 471 del BACI Y71V 2
7138 HEEHAPOIA Hloju= o714 ElolElZt A& A
of 7Ilek= Ao = AlmEH:. 7% 713 HlolEl(n=160) 5 ©]
37130l sligst= ElelE(n=26)] BlE(16%) 371l 3
Fok= HlolEl(n=134)2] BE&(84%)ETt TA5] Witk 1=
E o7l ol &3t Hlo[HE FE9] 5ttt solEE g o]
B5P Hrh FikE WM mjsfighE AT 5~ = 2 0= 9

Ak o) 98] SelS e ool <5t Hlolelg ut
B slysio] A7 9ol &3t dlolEie AR 18R 9%
27t Y Aow AREn

V. 29

2 A= 7ARKS S 83t RIS RIS ol8sto] o]
Aol W2 WCM2] DMY Hsfighs AREs7| 913t B2 o= 4
o1t FFEIEEES WCM tlolg 2 7|14 HlolHE =4
T 7F551e] 8714 7|ARE= Sl ARtetlom AR 7
71=2 AHsieint. FellEREE 7ARS 7TH 5 HeMdol
7F 22 DeepCrossing (R>=0.5442, RMSE=0.1769) 7|H& &
Sff ARtelict Mo A7V 2 o7 1Sl DMY Sk
7k Aol= ARESISltt. 471 dellil WCMS] DMY &4k
A Hof| W} X7 1oL 15,003~17,517 kg/ha HY= LERE
o}, o712, oV 2 oEEolA WCME] DMY oS
2 A9 9 7t o)1 ol W Zjolrt Qislem 7zt
14,947~17,571 kg/ha, 14,986~17,525 kg/ha & 14,920~17,557
kg/ha W92 LENITE o712, o 1 oldE<solA
wWCMe] Hafike 242t 68~89 kg/ha, -17~17 kgha 9 -
112~121 kgha RI9I2 nsiE @ 4= gle FEolqlth
WCME] et oS 4kEsl7] sl o5 o]
|3z o7V Hiole 49 S Zasi

V. AL

BEAEH FEATAAL] TAME: PI01499603
2ol 2J3} ojolziguk

> e
)
[d
rlo

9

VI. REFERENCES

Chung, S.U., Sung, S.H., Zhang, Q.M., Jung, J.S., Oh, M.R., Yun,
Y.S., Seong, HJ. and Moon, S.H. 2019. Assessment of
productivity and vulnerability of climate impacts of forage comn
(Kwangpyeongok) due to climate change in Central Korea. Journal
of the Korean Society of Grassland and Forage Science.
39(2):105-113.

IPCC. 2015. Climate change 2015: The physical science basis.
Contribution of Working Group I to the Fourth Assessment

Report of the Intergovernmental Panel on Climate Change.

- 293 -



Forage damage using machine learning model

Ji, H.C., Cho, J.H., Lee, S.H. and Kim, W.H. 2011. Effect of drought
conditions on growth, forage production and quality of silage corn
at paddy field. Journal of the Korean Society of Grassland and
Forage Science. 31(1):47-54.

Jo, HW., Kim, MK,, Lee, S.A., Kim, J.Y., Kim, M.J., Kim, B.W. and
Sung, K.I. 2020a. Comparison of fitness of whole crop maize
yield prediction according to climate data by machine learning
models FM and DeepFM. Proceedings of 2020 Symposium and
Conference of Korean Society of Grassland and Forage Science.
pp- 150-151.

Jo, HW,, Kim, MK,, Lee, S.A., Kim, J.Y., Kim, M.J., Kim, B.W. and
Sung, K.I. 2020b. Detecting the optimal machine learning model
using dry matter yield of whole crop maize and climate data.
Proceedings of 2020 Annual Congress of Korean Society of
Animal Science and Technology. p. 54.

Kim, J.Y., Kim, M.J., Jo, HW., Lee, B.H., Jo, M.H., Kim, B.W. and
Sung, K.I. 2021. Assessment of contribution of climate and soil
factors on alfalfa yield by yield prediction model. Journal of the
Korean Society of Grassland and Forage Science. 41(1):47-55.

Kim, M.J. and Sung, K.I. 2021. Impact of abnormal climate events on
the production of Italian ryegrass as a season in Korea. Journal of
Animal Science and Technology. 63(1):77-90.

Kim, M.J., Befekadu, C. and Sung, K.I. 2019. Effect of heavy rainfall
events on the dry matter yield trend of whole crop maize (Zea
mays L.). Agriculture. 9(4):75-85.

Korean Meteorological Administration(KMA). 2020. Korean climate
change assessment report 2020. pp. 327-328.

Kucharik, C.J. and Serbin, S.P. 2008. Impacts of recent climate change
on Wisconsin corn and soybean yield trends. Environmental
Research Letters. 3:034003.

Lee, J.S. and Kim, S.L. 2019. The theory and practice of corn
cultivation. Agricultural Technology Guide, 035. pp. 47-48.

Lee, S.H. and Kwon, W.T. 2004. A variation of summer rainfall in
Korea. Journal of the Korean Geographical Society. 39(6):819-832.

Min, C.W., Lee, JW., Kim, D.H,, Jung, J.S. and Lee, B.H. 2021.
Correlation analysis of climatic factors with forage maize (Zea
mays L.) yield in the southern region of Korea. Journal of
Agriculture & Life Science. 55(5):19-26.

Na, H.N. and Jung, W.S. 2021. Characteristics of strong winds on the
Korean peninsula during the non-typhoon period: Data analysis for
116 years from 1904 to 2019. Journal of Korean Society for
Atmospheric Environment. 37(1):55-65.

Oh, SM. 2017. Application of prediction modeling for improving
precision of yield prediction and mixed pasture in stages.

Kangwon National University. p. 93.

Park, K.H., Chung, W.H. 2015. Protocol development and notification
establishment for fact-finding, impact, and vulnerability
assessment for climate change in agriculture. Rural Development
Administration(RDA). Jeonju. Republic of Korea. pp. 92~106

Peng, J.L. 2017. Suitability mapping and yield prediction modeling
using climatic and geographic information for improving forage
crops production in South Korea. Kangwon National University. p.
128.

Shim, K.M., Kim, Y.S., Jung, M.P., Kim, S.C., Min, S.H. and So, K.H.
2013. Agro-climatic zonal characteristic of the frequency of
abnormal air temperature occurrence in South Korea. Journal of
Climatic Change Research. 4(2):189-199.

Shim, KM., Lee, J.T., Lee, Y.S. and Kim, G.Y. 2003. Traits of
agro-meteorological disasters in 20th century Korea. Korean
Journal of Agricultural and Forest Meteorology. 5(4):255-260.

Shin, S.H., Jung, G.H., Kim, S.G., Son, B.Y., Kim, S.G., Lee, J.S,,
Kim, J.T., Bae, HH., Kwon, Y.U., Shim, K.B. and Lee, J.E. 2017.
Effect of prolonged waterlogging on growth and yield of
characteristics of maize (Zea mays L.) at early vegetative stage.
Journal of the Korean Society of Grassland and Forage Science.
37(4):271-276.

Sung, K.I. 2020. Damage assessment in forages and development of
cultivation technology for their damage reduction according to
extreme weather. Rural Development Administration, National

Institute of Agricultural Sciences, Wanju.

(Received : November 30, 2021 | Revised : December 13, 2021 |
Accepted : December 15, 2021)

- 294 -



