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Abstract

Methods and Materials

Results

Steppe fires, whether natural or caused by humans, are considered among the most
dangerous and devastating disasters around the world. The purpose of this study is
to develop a model for predicting steppe fire using Random forest classification. A
Random forest consists of a large number of individual decision trees that operate as
an ensemble the tree in the random forest splits out a class prediction and the class
with the most votes becomes our model’s prediction. The study area is Dornod
province located in the eastern part of Mongolia. Landcover is mainly a steppe area.
There is a high number of fire events each year spring time. We used satellite data
such as Normalized Difference Vegetation Index (NDVI), Land Surface
Temperature(LST), Modified Soil-Adjusted Vegetation Index (MSAVI) for 20122022 years. Digital Elevation Models (DEM), and climate data such as air
temperature, precipitation, and wind speed were applied in this study. Results show
that Random forest classification method can be used to monitor environmental
issues and climate change.

Satellite data or satellite imagery is understood as information about Earth and
other planets in the space, gathered by man-made satellites in their orbits. The
most common use for satellite data is Earth Observation (EO): satellites
deliver information about the surface and weather changes on the planet Earth.
The Normalized Difference Vegetation Index (NDVI) is a commonly used
remote sensing technique that identifies vegetation and measures a plant’s
overall health. The range of NDVI is between -1 to +1. Values close to +1
shows healthy and dense vegetation. Land Surface Temperature (LST) has
been widely used for environmental studies, using satellite-derived images.
The LST was calculated by using equation (1).

In this paper, we have estimated the MSAVI, NDVI, DEM, and LST indices
over Dornod province in Mongolia, using satellite data for the period 20122022. Figure 3 shows the fire and non-fire points throughout the study area.
Random Forest Classifiers is performed by using the values of NDVI LST
MSAVI DEM at these points and the results are shown in Figure 6. Where as,
Figure 4 shows the percentage of factors that contribute to fires. NDVI and
MSAVI have the greatest impact on classification (27%, 26%). Validating the
results of the classification, it is estimated 86% of the fire areas and 79% of the
non-fire areas. The Random Forest classification was 82% accurate as shown
in Figure 5. In addition, climate data, more factors, and the number of fire and
non-fire points need to be increased to improve the accuracy of the model.

Introduction
Forest and steppe fires are caused by lightning, electricity, overheating, and
human error in forests and steppe. According to the Center for Fire Statistics,
there are about 50 million forest and steppe fires in the world each year. Steppe
fires under certain weather conditions often invade the adjacent forest-steppe
and sub-taiga zones. The periods from spring and autumn in Mongolia are
considered to be “Fire Hazard Periods” with dry weather conditions, favorable
for forest and steppe fires. Steppe vegetation and surrounding pine stands
attain high flammability practically simultaneously. Fire occurrence depends
on forest type, precipitation distribution, and availability of ignition sources
[1]. Forest and steppe fires have a direct impact on ecosystem biodiversity.
Fires kill species of plants and animals, as well as other organisms such as
fungi, mosses, lichens, and ferns [2]. Therefore we used satellite data and
machine learning methods to monitor the steppe fires. The study area is
Dornod province, located in the eastern part of Mongolia (Figure 1). It covers
the east-central Asian grassland steppe. The total area of Dornod province is
one hundred twenty-three point five thousand square kilometers and
geographically it is mainly the steppe, located five hundred sixty - one
thousand three hundred m above sea level. The average annual rainfall is one
hundred fifty-three hundred millimeters, it occurs during summertime. About
ninety percent of the total area is a steppe with hills. Bordered by Russia to
the north and China to the east and southeast [3].

𝐿𝑆𝑇 = 𝑆𝑎𝑡𝑒𝑙𝑙𝑖𝑡𝑒 𝑑𝑎𝑡𝑎 ∗ 0.02 − 273.15

The Modified Soil-Adjusted Vegetation Index (MSAVI) is the soil-adjusted
vegetation index that seeks to address some of the limitation of NDVI when
applied to areas with a high degree of exposed soil surface [4].
MSAVI =
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Figure 5. Confusion matrix of predicted and actual values

Figure 6. Random forest tree

Conclusions
Figure 3. Study area(Slope, Fire, and No-Fire)

Figure 4. Factors importance score

Table 1. Satellite data [5]

Table 2. Class distribution

Product code

Figure 2. Random Forest classifiers example
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In a digital elevation model (DEM) of the study area, the data of raster
parameters such as the slope and aspect resulted from the DEM dataset at
dimensions of 30x30m. Here, we used satellite data sets with a spatial
resolution (Table 1). The Random Forest algorithm is a machine learning
method, in which the Random Forest Classifiers construct multiple decorrelated random decision trees that are bootstrapped and aggregated to
classify a dataset by using the mode of predictions from all decision trees. For
example consider the fruit basket as the data as shown in the Figure 2 [6].
In order to apply the proposed methodology to build our dataset using Remote
Sensing data, we selected some fire zones "no-fire" and "fire" that occurred in
the Dornod province steppe between 2012 and 2022 (Table 2).
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Class

Distribution

Fire

152(53%)

No Fire

137(47%)

In this study, our proposed method is used to integrate various factors with
different spatial and temporal resolutions. We used the method of Random
Forest Classification and the factor components are provided to be useful in
the identification of suitable areas for the predictive steppe fires. The Random
Forest Classification is performed well, forecasting fire occurrence in Dornod
province with a high prediction accuracy of 82% by using all factors
combined. Consequently, the predictive steppe fire would help farmers and
other entities to prevent fire risk reduction, as well as national and local
government agencies can adopt it for preparing a risk reduction measures.
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