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ABSTRACT

In this study, a model to classify frost occurrence and frost free day was developed using the digital
weather forecast data provided by Korea Meteorological Administration (KMA). The minimum
temperature, average wind speed, relative humidity, and dew point temperature were identified as the
meteorological variables useful for classification frost occurrence and frost-free days. It was found
that frost-occurrence date tended to have relatively low values of the minimum temperature, dew
point temperature, and average wind speed. On the other hand, relatively humidity on frost-free days
was higher than on frost-occurrence dates. Models based on machine learning methods including
Artificial Neural Network (ANN), Random Forest(RF), Support Vector Machine(SVM) with those
meteorological factors had >70% of accuracy. This results suggested that these models would be
useful to predict the occurrence of frost using a digital weather forecast data.

Key words: Frost, Artificial neural network, Random forest, Support vector machine

. M &

A= 7R A BAskEE 7R ARl
W2kEo] Ase] HliE WA= dol Eal o
W AEle dazEe] Aol Tsis WA=
o] @ol FHlE0] A= Apist=d 2 olde= 4
Al gk dRbHem Aes Gz WA FaL bf
ol & =4 &S wf @ol IS defA Qlek
Z ¢ FAIZ O E Temeyer et al(2003)2 A2]7} 2hAd
= ARE o 7R At AAle FA
yzto] ofsff dxFol FEUS ufl AEFo] 15~
20m 2] A5 Z7FIR AdEolA 5717 4

eXo

BY NG

(kmshim@korea.kr)

* Corresponding Author : Kyo-Moon Shim

ok A e 537401]*1 7]“
= —%—240}01 e ubgol whe wjshs &
o]7] 9t At FaEo] gk oleh A A
Kwon et al.(2008)-& A2|7} 2hAgt Jo] 7|4 24

E4e PR ATE SUSIROv, Han e
oL@ ALY W] 75 9E B ¥
Y el WAV, T, S0 45 5

o]-gst IHEAN(DA, dlscrlmlnant analysis) & %

o Aeaye dast d7s saeic. 1o
Chung ef al.(2004)& 2]7)7].8-2] 7berele] 4pAsh



Yongseok Kim ef al.: Study on the Estimation of Frost Occurrence Classification Using Machine Learning Methods 87

E35E Temeyer et al.(2003)2 4|27} 2HASH=1
SAT 7RI 71, olsde s, T4 ARHE

= 71AIRREY S SR QIFAIEE O R ol&Tl=
Q7E Salelr s, H 7R )
X3 Rt Fefe] Azl BAERA EYEo R
7S &St 2487 AsiA Z1AISks o
wo| AMEE A Qi) I of| 24, Shank er al.(2008)+=
Sk, AR, 718, S50 5719 dgdAt
2 3fo] ol-FAIATANN, artificial neural network)
= ¢ olgHeE oF A5 3B, Smith

et al (20072 Ao} Teslol AT 7]

o d|Zale A2 Zasleith. Abhishek er al(2012)
= QA o] ks WAt 2a7]29

)
=S v EA45H9t} Naing and Htike(2015)-&
Y237)23} AA7122 &5 919 K-22H o
2(K-nearest neighbors) &12|&1} Q-gA1AY, Y
EZYAE(RF, random forest) 52 A& =& H|WsH=
Q75 etk

2 Aol A= 71E Han et al(2009)0] 4 AJAIRE
Alg] A o] 71EAS REdske 7RIk o
Sge] APl diZeis By 2 22(sA)
70 3-9] 7VdelEdkE Alsshs 71439 o=}

= o]-8Rlth= AAl= A g 7SS
Baste] 2 BREAe] gol Al 1Ak
ol Q34 E, HEZYAE, AZEHAHHA(SVM,
support vector machine)S ©|-8&3t A 2|HALS oj=3}
= 2gel s E8rsEe HES 2odth

Table 1. Synoptic weather stations collected the frost data

IL g ¥ 2y

21, TR S U 7IAIQIRE Mk

714 Z371AE= A% 303KTable 1)2] 2004
B 20137HR] o] 243 9] AmE o]-8ste] g
= 299 A Y I E RIS AmE A
SFAAL, A E]7F TSR] b2 e 2] Hd
= ARt 7RSS AlRE AEsklth 71
A= 71 EHE0A U AL, B, e
&, SR A 39Xt A AdE s, ole e
=2 Ast¥oum(Han et al., 2009; Robinson and
Mort, 1996; Temeyer et al., 2003), 7|43 FUd|oR
Atmz A7t 7Rt AR AdEsigich ARk os
Algjel BA/do] e ZO0R EATE 71 Fu
oAR7F AlFEA| G 22U AHR = ANES)
A okkek AR diolE e Azt ARt Eof Hlo|
Bl 248429} Aal7} WaalA] gk o] 248K|= 2
% 496AES0P], o) A27h wAlst ol slojeje}
A7k ek ope el dlolel ulgS 27 il
207 750 32645, ot AZol 1T04ES A}
g3ieich

71ARIAe) AEe BAZEI RGNS A
skof T2 Wl(stepwise method) 0.2 FEEA 7}
ALY SRS AABEIEE S EA A= A
AHFo] et ek W H-59] B2l wilk’s lambda
o wigE AEsiglon], 2AAE STEAE of
g3} ol7lo]A|19] AR 7]SAIC, akaike informaiton
criterion) & 0|83l HLE AA3IFHKim ef al.,
2014; Koo et al., 2013).

Region Station
Gangwondo Daegwallyeong, Chuncheon, Wonju, Sokcho, Gangneung, Cheorwon, Bukgangneung, Donghae,
Yeongwol
Gyeonggido Suwon, Dongducheon

Chungcheongdo  Chungju, Chupungryong, Cheongju, Seosan

Gyeongsangdo

Jeollado Jeonju, Gunsan,

Metropolitan city Daejeon, Daegu, Incheon, Seoul, Gwangju

Island Baengnyeongdo, Ulleungdo

Uljin, Ulsan, Pohang, Andong, Sangju, Changwon
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Table 2. Characteristic of climate factors of frost occurrence days and frost free days
Tmin WS Cloud Pre5 Pre3 RH DP
(©) (m/s) (%) (mm) (mm) (%) (©)
FOD Average 1.0 1.7 20.1 7.5 33 59.3 -1.1
(SD) (2.3) 0.9) (20.9) (13.2) (9.2) (11.1) (4.2)
FFD Average 3.2 2.6 23.1 8.5 5.0 56.1 -1.3
(SD) (2.8) (12) (22.7) (13.6) (9.9) (12.9) 5.1)

Tmin: Minimum temperature, WS: Average wind speed, Cloud: Amount of cloud, Pre5: Amount of precipitation within
5 days, Pre3: Amount of precipitation within 3 days, RH: Average relative humidity, DP: Average Dew point
temperature, SD: Standard deviation, FOD: Frost occurrence day, FFD: Frost free day
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Table 3. Selected Independent variables by statistical
methods for modeling

Table 4. Coefficients of linear discriminant function for
frost prediction (Han et al., 2009)

Method Independent variable

Minimum temperature, Average wind speed,

T-test Relative humidity,

Minimum temperature, Average wind speed,
LR  Relative humidity,
Dew point temperature

Minimum temperature, Average wind speed,
DA  Relative humidity
Dew point temperature

LR: Logistic Regression, DA: Discriminant Analysis
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Coefficients of functions

Parameters
FOD FFD
Amount of cloud(0.1%) 0.08217 0.25916
Temperature at 24:00(°C) 0.80399 1.88597
Amount of rainfall within 5 0.05519 -0.06492
days(mm)
Constant -3.01817  -10.77937

FOD: Frost Occurrence Day, FFD: Frost Free Day
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Table 5. The accuracy/sensitivity comparison of frost occurrence classification estimation of models

o Observation Total

Prediction .
FOD FFD Accuracy Sensitivity

FOD 61 19 127/170 61/85

ANN FFD 24 66 (74.7%) (71.8%)

RF FOD 63 22 126./170 63/85
FFD 22 63 (74.1%) (74.1%)

SVM FOD 58 19 124/170 58/85
FFD 27 66 (72.9%) (68.2%)

DA FOD 70 54 101/170 70/85
FFD 15 31 (59.4%) (82.4%)

ANN: Artificial Neural Network, RF: Random Forest, SVM: Support Vector Machine, DA: Discriminant Analysis,

FOD: Frost Occurrence Day, FFD: Frost Free Day
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