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A Study on Frost Occurrence Estimation Model in
Main Production Areas of Vegetables
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National Institute of Agricultural Science, Wanju 55365, Korea

Abstract: In this study, to estimate the occurrence of frost that has a negative effect on th growth of crops, we
constructed to the statistical model. We factored such various meteorological elements as the minimum temperature,
temperature at 18:00, temperature at 21:00, temperature at 24:00, average wind speed, wind speed at 18:00, wind speed at
21:00, amount of cloud, amount of precipitation within 5 days, amount of precipitation within 3 days, relative humidity,
dew point temperature, minimum grass temperature and ground temperature. Among the diverse variables, the several
weather factors were selected for frost occurrence estimation model using statistical methods: T-test, Variable importance
plot of Random Forest, Multicollinearity test, Akaike Informaiton Criteria, and Wilk’s Lambda values. As a result, the
selected meteorological factors were the amount of cloud, temperature at 24:00, dew point temperature, wind speed at
21:00. The accuracy of the frost occurrence estimation model using Random Forest was 70.6%. When it applied to the
main production areas of vegetables, a estimation accuracy of the model was 65.2 and 78.6%.
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Table 1. Synoptic weather stations collected the frost data
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Region Station
Gangwondo Daegwallyeong, Chuncheon, Wonju, Sokcho, Gangneung, Cheorwon, Bukgangneung, Donghae, Yeongwol
Gyeonggido Suwon, Dongducheon
Chungcheongdo Chungju, Chupungryong, Cheongju, Seosan
Gyeongsangdo Uljin, Ulsan, Pohang, Andong, Sangju, Changwon
Jeollado Jeonju, Gunsan
Metropolitan city Daegjeon, Daegu, Incheon, Seoul, Gwangju
Island Baengnyeongdo, Ulleungdo
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Fig. 1. Processing for frost occurrence estimation.
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Table 2. T-test result of meteorological factors related to
frost occurrence

Factors t p-value
Minimum temperature 79365  1.406e-14
Temperature at 18:00 6.0645  2.633e-09
Temperature at 21:00 8.9107  2.200e-16
Temperature at 24:00 11.146  2.200e-16
Average wind speed -2.0514 0.0408
Wind speed at 18:00 0.7917 0.4289
Wind speed at 21:00 3.7248 0.0002
Amount of cloud 11.4760  2.200e-16

Amount of precipitation within 5 days  0.6428 0.5207

Amount of precipitation within 3 days 1.6166 0.1066

Relative humidity 63839  3.984e-10
Dew point temperature 8.0294  7.218e-15
Minimum grass temperature 4.6092  5.153e-06
Ground temperature 8.7387 2.2e-16
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Fig. 2. Variable importance plot in Random Forest. Tmin:
minimum temperature, t18: temperature at 18:00, t21: Tem-
perature at 21:00, t24: Temperature at 24:00, wsl: average
wind speed, ws18: wind speed at 18:00, ws21: wind speed
at 21:00, clo: amount of cloud, rain5: amount of precipita-
tion within 5 days, rain3: amount of precipitation within 3
days, hu: relative humidity, dp: dew point temperature, gt:
minimum grass temperature, st: ground temperature

Table 3. Multicollinearity test result of meteorological fac-
tors related to frost occurrence

Factors VIF
Minimum temperature 10.09
Temperature at 18:00 16.30
Temperature at 21:00 27.34
Temperature at 24:00 13.34
Average wind speed 3.08
Wind speed at 18:00 2.35
Wind speed at 21:00 2.35
Amount of cloud 2.75
Amount of precipitation within 5 days 2.35
Amount of precipitation within 3 days 2.50
Relative humidity 16.23
Dew point temperature 38.16
Minimum grass temperature 6.92
Ground temperature 537

VIF: variance inflation factor
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Table 4. Multicollinearity test result of selected meteorologi-
cal factors

Table 5. Characteristic of meteorological factors for frost
occurrence estimation model

Factors VIF
Temperature at 24:00 3.52
Average wind speed 2.10
Wind speed at 21:00 1.94
Amount of cloud 2.14
Dew point temperature 5.01
Minimum grass temperature 437
Ground temperature 3.53

VIF: variance inflation factor
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Fig. 3. Variable importance plot in Random Forest. t24:
Temperature at 24:00, wsl: average wind speed, ws21: wind
speed at 21:00, clo: amount of cloud, dp: dew point temper-
ature
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Factors Standard Standard
Average deviation ¢ deviation

Temperature at 24:00 (°C) 43 2.8 7.7 39
Wind speed at 21:00 (m/s) 1.8 1.3 2.3 1.8
Amount of cloud (%) 2.3 2.3 49 2.8
Dew point temperature (°C)  -1.3 5.1 2.8 6.3

DFO: day before frost occurrence day, DFF: day before frost
free day

Table 6. Accuracy of frost occurrence estimation model

Observation
Prediction FOD FFD Accuracy
Fob 63 28 120/170
FFD %) 57 (70.6%)

FOD: frost occurrence day, FFD: frost free day
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Table 7. Accuracy of frost occurrence estimation model in
hongseung

Observation
Prediction FOD FFD Accuracy
rob 19 12 30/46
FFD 4 11 (65.2%)

FOD: frost occurrence day, FFD: frost free day

Table 8. Accuracy of frost occurrence estimation model in
seosan

Observation
Prediction FOD FFD Accuracy
Fob 32 12 55/70
FFD 3 23 (78.6%)

FOD: frost occurrence day, FFD: frost free day
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