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Fig 3. The number of fires during the statistical period under study (2002 to 2022) in Dereshahr city
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Fig 4. Location of fire points for model training and modeling accuracy assessment
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Fig 5. The relative importance of the layers used in determining fire sensitive areas
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Fig 6. Modeling risk of fire using support vector machine model in DereShahr city
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Fig 7. Modeling risk of fire using random forest model in DereShahr city
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Fig 8. Class risk of fire using support vector machine model in DereShahr city
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Fig 9. Class risk of fire using random forest model in DereShahr city
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Table 1. The area of different risk classes based on the models used
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Table 2. Assessing the accuracy of the investigated models using fire points based on the fire risk class
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Table 3. The results of evaluating the accuracy of the investigated models in areas with and without fire (control)
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Table 4. Statistical results of evaluating the accuracy of random forest models and support vector machine for
predicting the risk of fire based on the area under the diagram
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Table 5. Cross-validation of the accuracy of random forest and support vector machine models
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Abstract

Fire is one of the most important natural hazards that
has a great impact on the structure and dynamics of
natural ecosystems. Due to Iran's location in the arid and
semi-arid belt of the world, a large number of human-
made and natural fires occur in different regions of the
country every year. Therefore, determining sensitive
areas to fire occurrence plays an important role in fire
management in natural resources. To do so, the current
study aims to identify fire-prone areas in Dere Shahr
city in Ilam province using two machine learning of
random forest (RF) and support vector machine (SVM)
and 2024 fire occurrence points. Environmental factors
were prepared in categories including topographical
factors (altitude, slope direction, slope anlgle), climatic
factors (rainfall, relative humidity, wind, temperature),
biological factors (vegetation and soil moisture) and
man-made factors (distance from residential areas,
distance from road, distance from agricultural land,
distance from river). The model’s accuracy was
evaluated using the area under the curve (AUC) in the
ROC curve and cross-validation statistics.
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Examining the AUC index showed that both models had
good accuracy, although the RF model (AUC = 0.97)
had higher accuracy than the support vector machine
model (AUC = 0.86). According to the results of RF
model, about 60% are in the low-risk class and about
20% are in the high fire risk class. Investigating the
contribution of the factors affecting the occurrence of
fire showed that man-made factors (distance from
residential areas) and climatic factors (temperature)
played a more important role in areas with a history of
fire. Therefore, increasing public culture and reducing
dangerous behaviors in nature can reduce the
occurrence of fire in this area and contribute greatly to
the protection of the environment and preservation of
natural resources.

Extended abstract

Introduction: Fire is one of the most important natural
hazards that has a great impact on the structure and
dynamics of natural ecosystems, including forests and
rangelands. On the other hand, with climate change and
parallel to global warming, the trend of fire occurrence
has increased in many regions of the world. Also, areas
that have no history or potential for fire occurrence
(fire-free areas) are also known as areas prone to fire
occurrence. Due to Iran's location in the dry and
semi-arid belt of the world, a large number of human-
made and natural fires occur in different regions of the
country every year.

Due to the limitations in resources and gards of the
natural resources and environment administration,
information on fire-prone areas can play a significant
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role in fire management and control. For this reason,
this research aims to to determine the fire-prone areas in
Dere-Shahr city in Ilam province useing machine
learning methods.

Materials and methods: In the current research,
modeling of fire-prone areas was done using two
machine learning methods: Random Forest and Support
Vector Machine. Also, by aggregating the fire
occurance points information collected from the Natural
Resources and  Watershed  Management  and
Environmental Protection Organizations, as well as the
fire points of MODIS satellite images. Finally, 2024 fire
occurrence points were determined and used. In total,
1418 points were used to train and build the models and
606 points were used to evaluate the accuracy of the
models.

Also, in both groups of modeling and evaluation points
(train and test data), 1196 and 604 points were selected
as areas with no history of fire, respectively, and
information on the layers used by them was extracted
for the modeling stage. Environmental factors are
divided into four main groups, including topographical
factors (elevation, slope direction, slope angle), climatic
factors (rainfall, relative humidity, wind, temperature),
biological factors (vegetation cover and soil moisture)
and man-made factors (distance from residential areas,
distance from the road, distance from agricultural lands,
distance from river) were prepared.

All environmental factors were prepared as a raster map
with a pixel size of 30 meters by 30 meters in the
environment of ArcGIS 10.8 software. Finally,
information on environmental factors was extracted by
the set of points used for modeling and accuracy
assessment (train and test) in the environment of
ArcGIS 10.8 software. Modeling of fire porn areas was
done using R software and "randomForest" and "e1071"
packages. Cross-validation was done using root mean
square error (RMSE), mean absolute error (MAE),
correlation coefficient (r) and determination coefficient
(R?) and its significance level in SPSS software. The
accuracy of the used models was evaluated using the
area under the curve (AUC) in the ROC curve in R
software in the "PRROC" statistical package.

Results: The annual survey of fire occurence (2002 to
2022) showed that there is a significant increasing trend
in the number of fire occurrences in the Dere-Shahr city
and the number of fire occurrences has increased from
less than 30 cases to more than 500 cases a year.
According to the results, the highest number of recorded
fires was observed in 2016, which is equal to 548 fires,

while 2008 with one fire and 2004 and 2006 with only
two fires had the lowest number of fires in a
year.Examining the relative importance of the layers
used in modeling showed that, the layers of distance
from residential areas, average annual temperature and
elevation were the most important factors in the
occurrence of fire, and layers of slope direction and
surface soil moisture index werethe least important
factors in the areas with a history of fire in Dere-Shahr
city.

The results of random forest modeling showed that
60.63% of the studied area was considered to be among
the low-risk areas for fire occurrence, while the areas
with high risk of fire occurrence were more than 90,000
ha (20%) of studied area. According to the support
vector machine model, only about half of the area was
in the low fire risk class, while less than one percent
(258.59 ha) of the area was high fire risk. Examining the
AUC index showed that both models had good
accuracy, although the random forest model (AUC =
0.97) had higher accuracy than the support vector
machine model (AUC = 0.86).

The evaluation of the accuracy of the two investigated
models using cross-validation statistics also showed that
the random forest model has a higher correlation
coefficient (r = 0.875) and determination coefficient (R?
= (.765) than the support vector machine model (r =
0.623 and R? = 0.388) had more accuracy. Also, the
examination of RMS and MAE showed that the random
forest model (RMSE = 0.243 and MAE = 0.125) has
more valid results than the random forest model (RMSE
=0.392 and MAE = 0.309).

Discussion and conclusion: The findings of this
research incicated that in the last two decades, the trend
of fire occurrence in Dere-Shahr city has increased from
a few cases per year to more than 500 cases per year,
which is in line with the increasing trend in occurrence
of drought and decrease of rainfall.

The results obtained from this research showed that
human factors were the most important factors
influencing the occurrence of fire in the study area,
therefore, for proper fire management and fire
prevention, special attention should be paid to human
factors. Also, due to the second rank of climatic factors
among the factors influencing the occurrence of fire,
more attention and protection is necessary during peak
heat and in more sensitive areas.

Therefore, increasing public culture and reducing
dangerous behaviors in nature can reduce the
occurrence of fire in this area and contribute greatly to
the protection of the environment and preservation of
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natural resources. The findings of this research revealed
the high efficiency of machine learning methods in
modeling natural hazards, including fire. Therefore, it is
recommended to use them by researchers and use their

results by managers and local and regional decision
makers.

Keywords: ecosystem management, fire modeling,
random forest, support vector machine, Ilam province.
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