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Abstract: With climate change, significant fluctuations in wildfires have been observed on the Mongolian
Plateau. The ability to predict the distribution of wildfires in the context of climate change plays a
critical role in wildfire management and ecosystem maintenance. In this paper, Ripley’s K function
and a Random Forest (RF) model were applied to analyse the spatial patterns and main influencing
factors affecting the occurrence of wildfire on the Mongolian Plateau. The results showed that the
wildfires were mainly clustered in space due to the combination of influencing factors. The distance
scale is less than 1/2 of the length of the Mongolian Plateau; that is, it does not experience boundary
effects in the study area and it meets the requirements of Ripley’s K function. Among the driving
factors, the fraction of vegetation coverage (FVC), land use degree (La), elevation, precipitation (pre),
wet day frequency (wet), and maximum temperature (tmx) had the greatest influences, while the
aspect had the lowest influence. The likelihood of fire was mainly concentrated in the northern,
eastern, and southern parts of the Mongolian Plateau and in the border area between the Inner
Mongolia Autonomous Region (Inner Mongolia) and Mongolian People’s Republic (Mongolia),
and wildfires did not occur or occurred less frequently in the hinterland area. The fitting results of the
RF model showed a prediction accuracy exceeding 90%, which indicates that the model has a high
ability to predict wildfire occurrences on the Mongolian Plateau. This study can provide a reference
for predictions and decision-making related to wildfires on the Mongolian Plateau.

Keywords: driving factors; wildfire; Random Forest; Mongolian Plateau

1. Introduction

Wildfires are a type of natural hazard that is affected by many environmental factors and the
interactions between those factors [1]. Wildfires play a macro-control role in the self-renewal and
succession of ecosystems over large scale spatial and temporal ranges. The fire occurrence cycle affects
changes in the geochemical cycle and the speed and stage of community succession [2]. Under global
warming, the global climate has become abnormal in recent decades, and aridification has increased in
the middle and high latitudes [3]. Specifically, high-temperatures, low-temperature freezing damage,
uneven precipitation, continuous droughts in the spring and summer and other abnormal climatic
phenomena are increasing [4]. As a result, the fire frequency and the duration of disturbances are
increasing [5]. These changes affect the material cycles, energy flows, and information transmission of
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ecosystems. The spatial distribution pattern of fire occurrences has an important effect on the spatial
distribution and balance of the fuel productivity, landscape characteristics, and land use patterns [6].
Moreover, fires can burn large areas within a short time, destroying the ecosystem structure and
function, reducing the grade of vegetation products, dramatically changing the environment, and even
threatening people’s lives and property and national ecological resources [7]. Therefore, the study of
the spatial distribution patterns and influencing factors of wildfires is helpful for revealing the natural
causes of fire occurrences and their impacts on various ecological processes.

A common approach when analysing the influencing factors of wildfires is the use of a traditional
method that can be used to predict wildfire occurrences with respect to different variables. The traditional
method is powerful in terms of its prediction power, but it is limited by the assumptions of normality
and linear relationships [8]. In recent years, the Random Forest (RF) model has been widely applied
in the field of ecology and exhibits a high prediction accuracy [9]. A few scholars have applied RF
models to forest fire prediction, and those models have shown good predictive power [10]. Compared
with traditional methods, machine learning algorithms can overcome subjective factors and are
widely used in various research fields [11]. The commonly used machine learning algorithms include
artificial neural networks, support vector machines and classification and regression trees. However,
the above machine learning methods also have some shortcomings. Artificial neural networks have
the disadvantages of difficulty in determining the initial weights and a slow convergence speed.
Classification and regression trees are sensitive to data noise and training sample errors. How the
selection of the kernel functions of support vector machines affects the classification accuracy remains
uncertain [12]. These shortcomings affect the accuracies of the researches results. By contrast, RF is
a non-parametric machine learning ensemble algorithm that has a strong anti-noise ability and low
sensitivity to outliers and can effectively overcome the over fitting phenomenon [13]. Based on these
advantages, RF has achieved high classification accuracy in research, and it is gradually becoming
widely used in the remote sensing image classification field [14].

The Mongolian Plateau is the main region of temperate grassland in Eurasia and is an area
where fires are extremely active [15]. Some research results in this area show that the fire occurrence
in parts of the Mongolian Plateau is dominated by climatic factors such as precipitation, humidity,
temperature and wind speed [16]. In the context of global warming, wildfire prevention is facing
a severe challenge [17,18]. The occurrence of a single wildfire may be regarded as a random event,
but the occurrence and distribution of wildfires on the landscape and even at the regional scale are not
completely random; rather, they present certain spatial and temporal distribution characteristics [19].
Traditional wildfire occurrence information is mainly derived from statistical data; it is difficult to
cover large areas because data collection is difficult, and quantifying the data space is challenging.
Around the year 2000, the rapid development of remote sensing technology began to greatly improve
the accuracy of large-scale and sudden wildfire monitoring. Burned area data are widely available
in near-real time by remote sensing. We select the Moderate Resolution Imaging Spectroradiometer
(MODIS) burned area product MCD64A1 data to study wildfires on the Mongolian Plateau and
accomplish the following objectives: (1) identify the spatial distribution of wildfires on the Mongolian
Plateau, (2) understand the comprehensive influencing factors affecting fire occurrence, and (3) produce
spatially explicit statistical models and a map predicting patterns of wildfires on the Mongolian Plateau
based on various driving factors.

2. Materials and Methods

2.1. Study Area

The Mongolian Plateau is located in the central part of Eurasia, and it includes all of Mongolia,
southern Siberia in Russia and northern China [15]. This paper selects the main part of the Central
Mongolian Plateau (the scope is 87°-126°04’E, 37°22’-53°20’N), i.e., the Inner Mongolia Autonomous
Region (Inner Mongolia) and Mongolian People’s Republic (Mongolia) as the research area (Figure 1);
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The total area of the whole region is 2.74 X 10° km? [20]. The study area has a temperate continental
climate, experiencing low and uneven precipitation. The winter is long and cold, with an average
monthly winter temperature of —10 °C in the south to —38 °C in the north. The summer is warm
and short, and the average monthly summer temperature ranges from 16 to 27 °C. Influenced by the
topography and oceanic weather system, the precipitation ranges from 50 mm in the west to 700 mm
in the east.
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Figure 1. The location of the Mongolian Plateau and land cover.

2.2. Data and Variables Selected

2.2.1. Wildfire Data

The burned area product MCD64A1 used in this study is derived from MODIS. The MCD64A1
is a monthly Level 3 gridded 500 m product. The original data from MCD64A1 includes 5 types of
information comprising the burn date, burn date uncertainty, quality assessment, first day, and last
day [21-23]. We used the burn date layer data; the detailed classification information is shown in
Table 1. Data on wildfires on the Mongolian Plateau from 2001 to 2018 were included. When the RF
was established, 75% of the data were used as training data, and 25% were used as test data.

Table 1. MCD64A1 fire mask pixel classes.

Class Meaning
-2 Water
-1 Unmapped due to insufficient data
0 Unburned land

1-366 Ordinal day of burn

2.2.2. Land Cover Data

The MODIS land cover product (MCD12Q1) defines 17 types of land cover based on the
International Geosphere-Biosphere Program (IGBP) global vegetation classification. This article uses
the dataset to complete the following two tasks. First, we used MCD12Q1 to calculate the land use
degree (LA), indicating the impact of human activities on wildfire [24]. The LA mainly reflects the
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land use condition. In addition, the LA reflects the degree of human utilization of land to a certain
extent. In this paper, a quantitative comprehensive weight index was selected to explain the land use
degree in various ecosystem. Second, the data were used to remove urban land, rural residential land,
snow, and water bodies from the wildfire analysis. The meaning of each class is shown in Table 2.

Table 2. Land cover types of the Mongolian Plateau extracted from MCD12Q1.

Class Meaning Class Meaning
1 Evergreen Needleleaf Forest 10 Grassland
3 Deciduous Needleleaf Forest 11 Permanent Wetlands
4 Deciduous Broadleaf Forest 12 Croplands
5 Mixed Forest 13 Urban Land, Rural Residential Land
7 Open Shrublands 14 Cropland/Natural Vegetation Mosaic
8 Woody Savannas 15 Snow, Water
9 Savannas 16 Barren

2.2.3. Climate Data

Climatic Research Unit (CRU) grid data based on monthly observations at meteorological stations
across the world’s land areas were used in combination with existing climatology to obtain absolute
monthly values [25]. The dataset includes climate variables such as the diurnal temperature range (dtr),
frost day frequency (frs), potential evapotranspiration (pet), precipitation (pre), daily mean temperature
(tmp), monthly average daily minimum/maximum temperature (tmn/tmx), relative humidity (rhm),
sunshine duration (ssh), vapor pressure (vap), wet day frequency (wet) and wind speed (wnd). In this
paper, the CRU4.01 dataset variables are selected, the time coverage is the years 2000-2016, and the
spatial resolution is 0.5° x 0.5°.

2.2.4. Vegetation Cover

The fraction of vegetation coverage (FVC) is usually defined as the percentage of the vertical
projected area of vegetation (including leaves, stems, and branches) on the ground as a percentage of
the total area [26]. The FVC is an important parameter not only for describing vegetation cover but
also for reflecting vegetation growth on the ground [27]. It is also the most important and sensitive
index for monitoring grassland degradation. In this paper, we use the pixel binary model to invert the
vegetation coverage. The calculation formula is as follows:

FVC = (NDVI - NDVIy;)/(NDVI, . ~NDVI ) 1)

where NDVI, is the pixel value of bare soil or vegetation free areas and NDVIyeg is the pixel value of
pure vegetation. For most types of bare soil surfaces, the theoretical NDVI,,; value should be close to
0. Because of differences in the atmospheric influence and surface temperature, humidity, roughness
and soil type, its value will change over time and space. In this paper, we chose empirical values of
NDVlyeg = 0.70 and NDVIg;; = 0.05, that is, when the NDVI pixel value was greater than 0.70, the FVC
value was 1; and when the NDVI value was less than 0.05, the FVC value was 0 [26].

2.2.5. Topography

The elevation spatial resolution is 90 m. The influence of the terrain on the occurrence of wildfire
is expressed by calculating the elevation, slope and aspect information of the study area. Details of the
driving factors are presented in Table 3.
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Table 3. Predictor variables included in wildfire model development for the study area.

Variable Type Variable Name Code Source
Wildfire wildfire wildfire https://ladsweb.eosdis.nasa.gov/
Land cover land use degree LA https://earthdata.nasa.gov
diurnal temperature range dtr https://crudata.uea.ac.uk/cru/
frost day frequency frs
potential evapotranspiration pet
precipitation pre
Climatic daily mean temperature tmp
monthly average minimum temperature tmn
monthly average maximum temperature tmx
vapor pressure vap
wet day frequency wet
Vegetation fraction of vegetation coverage FvC https://earthdata.nasa.gov
elevation elevation http://www.gscloud.cn
Topographic slope slope
aspect aspect
2.3. Methods

2.3.1. Spatial Distribution Analysis

Ripley’s K function has become one of the most effective methods for studying the spatial
distribution pattern of point features. In this study, Ripley’s K function was used to analyse the spatial
aggregation characteristics of wildfires on the Mongolian Plateau using ArcGIS. When applying Ripley’s
K function, it is assumed that the fire points in the study area have an even spatial distribution [28].
In addition, the application variable k(d) expresses the ratio between the average number of sample
fire points in the range of distance d and the sample fire point density in the study area:

k(d) = AZ?:l Zjn:l ‘%] @)

where n is the total number of fire points; w is defined as the distance, which is the distance between
all fire points i and fire point j in the range of d distance; and A is the area of the study area.

Ripley’s K function determines whether the spatial pattern of the actual observed fire points is
agglomerated, divergent, or evenly distributed depending on the index L(d) and A(d):

L(d) = = ©)

when L(d) < A(d), the spatial distribution pattern of the fire points appears as a diffuse distribution;
when it is larger than A(d), it appears as an aggregated distribution.

2.3.2. Land Use Degree

The LA reflects the degree of land development. The driving factors behind land use and land
cover change mainly derive from human activities. Therefore, the quantitative LA can more clearly
indicate the impact of human activities [29]. When calculating the LA, croplands are classified as
cultivated land; barren is classified as unused land; and urban land and rural residential land are
classified as artificial surfaces. The detailed classification information is shown in Table 4. To explore
the influence of land use on wildfires, this paper introduces the land use degree index LA. The specific

formula is as follows: N
LA = 100x )" (A;xCj) LA € (100, 400) )

where Aj is the i type land use level index, C; is the percentage of land use at the i level in the study area,
and n is the number of land use classifications. According to the above criteria of land use indicators,
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the allocation table of land use classification indicators in the study area was obtained. Table 4 shows
the classification index for land use.

Table 4. Classification index of land use.

Classifications of LA Land Use/Land Cover Classification
Unused land Barren 1
Grassland forest and water Forest/grassland/water 2
Cultivated land Croplands 3
Artificial surface Urban land, rural residential land 4

2.3.3. RF Model

The RF model improves the prediction accuracy of the model by aggregating a large number of
classification regression trees, which can be used to solve classification and regression problems [30].
The sample dataset of each tree is generated by bootstrap resampling technology. The out-of-bag (OOB)
method is used to test the goodness of fit of the model [31]. The bootstrap resampling technique is
used to extract k sample datasets from the original dataset. The sample size of each sample dataset is
the same as that of the original dataset. Then, k classification trees are established for the k sample
datasets, and k classification results are obtained; finally, the final RF classification results are obtained
by voting on the k classification results separately.

Assuming that the original data contain m variables, a number of random variables are randomly
selected at each node of each classification tree. When applying the RF to data fitting and prediction,
it is necessary to parameterize the number of trees (ntree), the mtry (mtry < m) of each partitioning node
and the minimum number of observations (nodesize) on the final node, in which mtry and ntree are the
two most important custom parameters. When mtry = m is a better choice [32]. As long as the value of
ntree is large enough, the total error rate of the model tends toward a stable upper bound to ensure the
convergence of the RE. Therefore, this paper sets the value of mtry to m and that of ntree to 3000.

This paper uses RStudio to run the RF model. RF takes the minimum out-of-bag error (errOOB)
as the principle by which to select the feature variables of the model and ranks the feature variables
with the importance score. The specific methods are as follows. For the variable X;, the errOOB; of
each tree t is calculated, and then, when the sequences of all other variables remains unchanged, the
sequence order of the X; values of the variables in the errOOB data is changed, and the errOOB; of
errOOB is recalculated. Finally, the increase in errOOB is calculated when the errOOB data sequence
changes. The formula for calculating the importance score of variable X; is:

VI(X;) Y’ (errO0B; - errOOBt) 5)

ntree

2.3.4. Test RF Model

The receiver operating characteristic (ROC) curve can be used to verify the accuracy of the RF
results [2]. The ROC curve calculates a series of sensitivity and specificity values by setting several
different critical values for continuous variables. The sensitivity is then used as an ordinate and the
specificity as an abscissa to draw curves. The area under the curve (AUC) is an evaluation index used
to evaluate the accuracy of the model prediction. As the AUC becomes larger, the model has a better
fitting effect. An AUC of 0.5-0.7 indicates a poor fit, 0.7-0.9 indicates a moderate fit, and above 0.9
indicates a very good fit of the model [33].

The Yueden index was used to estimate the cut-off point, which is the threshold for the
determination of the prediction accuracy of the RF [34]. It is calculated based on the sensitivity
and specificity of the ROC. If the predicted likelihood of the model is larger than the cut-off point,
a wildfire has occurred. Otherwise, the case is registered as having no wildfire.
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2.3.5. Mapping the Probability of Wildfire Occurrences

Finally, a map of the wildfire occurrence probability was obtained using RStudio based on the RF
model using the full dataset.

3. Results

3.1. Spatial Pattern of Wildfires on the Mongolian Plateau

Figure 2 shows the spatial distribution of wildfires in the fire risk period (April, May, June,
September, October, and the full fire risk period). The theoretical value is lower than the observed
value within 1150 km. The result indicates that the wildfires are aggregated within 1150 km. Otherwise,
the wildfires are not clustered. The statistical result shows that the observed value is greater than
the upper limit of the 99% confidence level, and thus the aggregation distribution is significant.
The distribution of wildfires in the fire risk period is an aggregated distribution within 1150 km.
From the distance of aggregation, the aggregation intensity in May is the largest, followed by those in
June, September and October, and the smallest is in April.
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Figure 2. Spatial distribution of wildfire on the Mongolian Plateau.
3.2. Selection and Ranking of Characteristic Variables

RF is an ensemble learning technique consisting of a combination of many classification trees,
where each tree is generated by bootstrap samples in this study. The original wildfire data (2001-2018)
were randomly divided into training (75%) and validation (25%) samples. Different sets of samples
from the dataset are obtained by repeated partitioning five times. In this paper, after using the RF
model to select the model variables from the three training sample datasets and the full sample dataset,
the importance of the fire impact factors is ranked according to the mean decrease accuracy value.
The variable ranking results (Figure 3) for the whole fire risk period indicated that the fraction of
vegetation coverage (FVC), land use degree (LA), elevation, precipitation (pre), wet day frequency
(wet), and maximum temperature (tmx) accounted for the greatest contributions among the factors
affecting the wildfire occurrence on the Mongolian Plateau, while the aspect accounted for the lowest
contribution. The contribution rates of the diurnal temperature range (dtr), slope, vapour pressure
(vap), minimum temperature (tmn), potential evapotranspiration (pet), and frost day frequency (frs)
were similar and presented small differences.
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Figure 3. Variable importance measures from RF sub-samples (a—c) and complete dataset (d) based on
mean decrease accuracy (%IncMSE), which quantifies the importance of a variable by measuring the
change in the prediction accuracy when the values of the variable are randomly permuted compared
with the original observations. The abbreviated variable names are the same as in Table 3.

3.3. Test RF Model

The ROC curve analysis method was used to test the fitting superiority of the RF model. Table 5
shows the ROC curves of the complete dataset and the three samples. It can be seen from the table that
the AUC values of the whole dataset and the three sample wildfires are all between (0.9, 1]. The RF
model thus fits all samples very well, and the significance level of all samples is less than 0.001. Thus,
it has statistical significance. The result shows that the RF model can be applied for the prediction of
wildfires on the Mongolian Plateau.

Table 5. AUC and significance level of the RF model.

Complete Dataset ~ Sample 1 Sample 2 Sample 3

AUC 0.951 0.948 0.950 0.949
p-value <0.001 <0.001 <0.001 <0.001

3.4. Spatial Distribution of Wildfire Probability

In this paper, 75% of the wildfire data (2001-2018) were used as training data for the RF model to
obtain the fire likelihood distribution. The distribution of the wildfire likelihood on the Mongolian
Plateau (Figure 4) shows that wildfires in the study area are not randomly distributed and follow
certain spatial distribution rules. There are more wildfires in the northern, eastern and southern parts of
the Mongolian Plateau and in the border area between Inner Mongolia and Mongolia, and wildfires do
not occur or occur with less frequency in the hinterland area. The wildfire risk zones on the Mongolian
mostly occur in the east and north but seldom occur in the south and west. There are four main areas
in multiple zones: the meadow grassland at the junction of the eastern part and Inner Mongolia,
a forest-grassland transition zone in the northern part, a grassland in the southern part, and a typical
grassland in the central part of Suhbaatar province. Wildfires occur less frequently in the transition
zone between the typical grassland and the desert grassland in the western part. In Inner Mongolia,
the wildfire risk zone shows a striped pattern from the northeast to southwest. The fire occurrence
zone mainly includes the following areas: Hulun Buir, Tongliao, Hing gan League, the junction of
Chifeng city and the Xilin Gol League, and the Ordos Grassland.
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Figure 4. Probability of fire occurrence and fire risk zone on the Mongolian Plateau.
3.5. Spatial Distribution of Residual in RF Model

We also conducted residual analysis (wildfire (0/1)-wildfire probability) based on the full dataset.
Figure 5 indicates that the RF model had the best fit (i.e., smaller residuals across the Mongolian
Plateau). The positive (under prediction) and negative (over prediction) residuals of the RF model
were smaller residuals across the Mongolian Plateau. The under predictions were mainly located in
the middle and southern part of the study area, while the over predictions were located in the northern
and northeastern part of the Mongolian Plateau.

L 1027-036
[10.18-0.27
[70.09-0.18
B 0-0.09
[1-0.09-0
[7-0.18 - -0.09 Y
B -027--0.18 ) —
7-036--0.27

Figure 5. Spatial distribution of residual in RF models.
4. Discussion

When Ripley’s K function is used to calculate the fire risk period distribution pattern on the
Mongolian Plateau and the scale is less than 1150 km, the wildfires are clustered. This distance scale is
less than 1/2 the length of the Mongolian Plateau; that is, it does not exceed the boundary effects in the
study area and meets the requirements of Ripley’s K function. Therefore, the result of the wildfire
aggregation distribution pattern in the study area is credible. In northeast Inner Mongolia, the fire
risk periods of wildfires are distributed in a cluster pattern; among them, the aggregated distribution
patterns in January, December, and July are not significant, and those for the rest of the months are
significant [35]. The spatial distribution is similar to the results of our study.

The RF model was used to analyse the driving factors of fire occurrence, and the results showed
that the contribution rates of the FVC, LA, elevation, pre, wet, and tmx were the largest, while the
influence of the aspect was the smallest. The results of this study showed that the FVC is the material
basis for the occurrence of wildfires. The occurrence and development of wildfires is closely related
to the characteristics, quantity, and spatiotemporal distribution of the FVC. The FVC changes with
different seasons and within different time periods of the same season [26]. Meteorological factors
mainly affect the occurrence of wildfire on a large scale [5,31], e.g., high temperatures and sunshine
duration are variables that either alone or together can contribute to increased potential evaporation
from fuels and decreased moisture of wildfire fuel, leading to an increased possibility of wildfire
occurrence [34]. High precipitation and relative humidity contribute to fuel moisture, which in
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turn decreases the probability of wildfires [36]. Topographic factors have an indirect impact on the
occurrence and spread of wildfires by affecting microclimates in local areas. Studies have shown that
the topography has a certain impact on the occurrence of wildfires, and wildfires occur more frequently
especially in arid sunny slopes, on ridges and in low altitude areas [37]. In this paper, the elevation has
a greater impact than do the slope or aspect.

In addition to the above natural factors, human factors and differences between the two
administrative regions also play important roles. In recent decades, the lifestyle of the herdsmen in
Inner Mongolia has gradually changed from nomadism to settlement. The number of live stock has
been recklessly increased to pursue economic benefits, which has caused the vegetation to exceed its
threshold carrying capacity. Thus, the land degradation is very serious [38]. In Mongolia, herdsman
still maintain a nomadic life. Continuous migration and recycling of the ecosystem allow for a sufficient
recovery period, which mitigates degradation, and the inhibitory effect on fire is weaker [39]. Moreover,
human activity and landscape destruction in areas with higher populations also reduce the area
subjected to fire. In Inner Mongolia, strict control measures and efforts to fight fires in the region have
been strongly suppressed. In addition, human and financial constraints have a negative effect on fire
mitigation and fire-fighting, and management measures in Mongolia are relatively underdeveloped [40].
Herdsmen take a natural approach towards wildfire. Therefore, the occurrence of wildfire is close to
the natural level observed in the ecosystem. The differences in wildfire characteristics between Inner
Mongolia and Mongolia indicate that in Inner Mongolia human activities have become an important
factor affecting wildfire behaviours.

The likelihood distribution of wildfires on the Mongolian Plateau shows that wildfires are mainly
concentrated in the border areas of Inner Mongolia and Mongolia, the northern part of Mongolia,
and the northeastern and central parts of Inner Mongpolia. In the northern and eastern areas of the
Mongolian Plateau, due to the good meteorological and vegetation conditions, the species regeneration
and biomass increase rapidly after burning [41]. The fuels reaccumulate in a short time and cause
wildfire. Therefore, the northern and eastern areas have the highest probability of wildfires. Because
of the serious desertification and less litter fuel, it is difficult for wildfires to occur and spread in desert
areas, and the probability of fire occurrence is the lowest in these areas [42—44]. On the other hand,
the contribution rate of human factors in some areas with a high probability of wildfire occurrence is
also higher. For example, in the eastern part of Inner Mongolia, there is more cultivated land; in the
spring and autumn, farmers burn straw infrequently to increase the probability of wildfires [29].

This study continuation the theory and techniques of wildfire event research and advance the
research of risk and risk chains by enabling decision-makers to determine the probability of wildfire
in the next year according to the driving factors or fire risk zone and to plan for disaster prevention.
However, the Mongolian Plateau is composed a variety of land use types, which are influenced by
various factors (in addition to the driving factors considered in this paper), and lead to uncertain
wildfire driving factors. Moreover, because part of the data in the study area cannot be obtained,
the driving factors cannot be comprehensively analysed and the satellite data cannot be verified.
Therefore, to further explore the spatial distribution mechanism of wildfire occurrence, we need to
further consider the impacts of specific factors on wildfire occurrence. For example, the moisture
content of combustibles is an important factor to determine whether combustibles can ignite and burn.
The flammability of combustibles increases with the decrease in the moisture content. The moisture
content of grassland combustibles is constantly changing under the influence of rainfall, snow and air
humidity. Among the human activity factors, the population size, age structure, industrial structure,
and farming methods all influence fire occurrence. There is a certain relationship between these driving
factors and fire occurrence, which makes fire occurrence more complex. Selecting appropriate research
scales in later studies and studying the specific driving factors affecting fire occurrence is one of the
most important methods by which to reveal the law of fire occurrence. The relationship between the
parameters of wildfires and their influencing factors varies with the regional scale chosen. Therefore,
future research should focus on how to establish a clear relationship between wildfires and their
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influencing factors. This approach would lay the foundation for further predicting the occurrence of
wildfires under future climate change.

5. Conclusions

The distribution of wildfires in the fire risk period is an aggregated distribution within 1150 km.
The aggregation intensity in May is the largest, followed by those in June, September and October,
and the smallest is in April. The contribution rates of various influencing factors and the probability of
fire occurrence on the Mongolian Plateau were analysed using an RF model, and the results indicated
that the FVC, LA, elevation, pre, wet and tmx had the largest contribution rates, while aspect had the
lowest contribution rate. The areas with the highest wildfire probabilities were mainly concentrated in
the northern, eastern and southern parts of the Mongolian Plateau and in the border area between
Inner Mongolia and Mongolia, but wildfires do not occur or occur less frequently in the hinterland area.
The wildfire risk zones on the Mongolian mostly occur in the east and north and seldom occur in the
south and west. In Inner Mongolia, the wildfire risk zone shows a striped pattern from the northeast
to southwest. The RF model fits all the samples very well. The positive and negative residuals of
the RF model were smaller across the Mongolian Plateau. Maps depicting the probability of wildfire
occurrence identify fire prone zones on the Mongolian Plateau, where more fire prevention resources
such as fire towers and inspection stations should be allocated.
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