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Development of Mid-range Forecast Models of Forest Fire Risk
Using Machine Learning

Sumin Park ®"* - Bokyung Son ®? - Jungho Im®?" -
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Abstract: It is crucial to provide forest fire risk forecast information to minimize forest fire-related
losses. In this research, forecast models of forest fire risk at a mid-range (with lead times up to 7 days)
scale were developed considering past, present and future conditions (i.e., forest fire risk, drought, and
weather) through random forest machine learning over South Korea. The models were developed using
weather forecast data from the Global Data Assessment and Prediction System, historical and current
Fire Risk Index (FRI) information, and environmental factors (i.e., elevation, forest fire hazard index,
and drought index). Three schemes were examined: scheme 1 using historical values of FRI and drought
index, scheme 2 using historical values of FRI only, and scheme 3 using the temporal patterns of FRI
and drought index. The models showed high accuracy (Pearson correlation coefficient >0.8, relative root
mean square error <10%), regardless of the lead times, resulting in a good agreement with actual forest
fire events. The use of the historical FRI itself as an input variable rather than the trend of the historical
FRI produced more accurate results, regardless of the drought index used.
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Fig. 1. The study area of this research. The Shuttle Radar
Topography Mission (SRTM) 30 m digital elevation
map (DEM; downloaded from http://eros.usgs.gov/
elevation-products) is used as a background
image in forest areas.
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Table 1. Data used for developing mid-range forecast models of forest fire risk in this study

Data reference Spatial resolution Time resolution
FRI (Kang et al., 2020) 1 km hourly
SRTM DEM (http://eros.usgs.gov/elevation-products) 90 m -
Forest fire hazard index (Source: National Institute of Forest Science) - -
Drought index (Park ez al., 2019) 1 km daily
precipitation
GDAPS land surface temperature
(Source: Korea Meteorological air temperature 10 km daily
Administration) relative humidity
wind speed
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Table 2. Three schemes for random forest models

Sch Input variables in random forest model The number of
cheme . .
Common variable Additional variable input variable
1 forest fire frequency index FRI(t, t-1,t-2, ..., t-6) 15
DEM drought index
GDAPS precipitation FRI
2 GDAPS land surface temperature el L2 16 14
GDAPS air temperature, e, t2, ..., t6)
3 GDAPS relative humidity Slope of FRI 9
GDAPS wind-speed drought index

There are seven common variables and additional variables that vary by scheme. There are seven common variables in three schemes.
GDAPS products were accumulated or averaged by forecasting period.

Present and past information Future information
Fire Risk Index SRTM Forest fire Drought Index GDAPS variables
(Kang et al., 2020) DEM frequency index (Park et al., 2019) .
T Precipitation
- I T ( H,! H \ T T Land surface
HHH J} } t E H R i
ESEEEgEER EEaH=EE! EEEEEEEER H [“;H ive humidity

INEEE] IT I T Wind speed

Independent
variables

Dependent
variable

\—@ forest
Forecast of E% Eﬁ i : | !. =" j”ﬁ
Forest fire risk | [l i fi i

t+1  t+2  t+3 t+6 t+7

Fig. 2. The overall flowchart of developing mid-range forecast models of forest fire
risk. The orange box represents present and past information and the green
box indicates future information in input variables. “t” means the present day.

30 days for training (calibration)

t-29 o000 t

Random
%}3\:}0 forest

t+1| t+2(t+3 | t+4| t+5(t+6 |t+7

7 days for forecast (validation)

Fig. 3. Calibration and validation in random forest models. The yellow box means
training data and the pink box indicates target days of forecasting with lead
times. “t” means the present day.
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Fig. 4. Box plot of Pearson correlation coefficient values for each scheme. Refer to Table 2 for scheme information.
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Relative root mean square error (rRMSE, %)
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Fig. 5. Box plot of relative root mean square error (RMSE) for each scheme. Refer to Table 2 for scheme information.
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Fig. 6. The Pearson correlation for each scheme for forest fire events occurred in 2017. Yellow, green and orange bars
represent schemes 1, 2, and 3, respectively.
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