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Abstract – Human activity causes a large quantity of wildfires in areas close to the location of 

different industrial or transport infrastructure. All the infrastructure facilities of JSC Russian 

Railways may be classified into linear, point and area sources of human activity. This work 

purpose is to suggest an approach for predicting, assessing, and monitoring the human activity on 

forested areas based on a deterministic mathematical model. Partial differential equations have 

been solved using the finite difference method. The program realization is executed in the RAD 

Studio software. Expressions like the heat conduction equation are used to describe the 

propagation of human activity around railway facilities. Different railway objects have produced 

different distribution of the virtual (possible) number of forest fires (VNF) caused by the different 

level of human activity. Different sizes of the railway facilities have also showed that a highest 

VNF is predicted for large one. The proposed mathematical model is applicable to predict 

wildfires due to human activity. This paper discusses the possibility of predicting forest fire 

dangers near point infrastructure facilities of JSC Russian Railways. The results obtained are part 

of a large project aimed to develop methods for predicting, assessing, and monitoring forest fire 

danger near infrastructure facilities of Russian Railways. Copyright © 2022 The Authors. 
Published by Praise Worthy Prize S.r.l.. This article is open access published under the CC BY-NC-ND license 

(http://creativecommons.org/licenses/by-nc-nd/3.0/). 
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Nomenclature 

A Coefficient that characterizes the 

propagation speed of ignition 

sources [m2/s] 

α1 First left running coefficient 

β1 Second left running coefficient 

CWFIS Canadian Wildland Fire Information 

System 

EFFIS European Forest Fire Information 

System 

φ Angular coordinate, [angular degree] 

FWI Fire Weather Index 

h Spatial step [m] 

ISDM-Rosleskhoz  Information System for Distant 

Monitoring of forest fires 

N* Virtual number of forest fires  

N Number of nodes in x-direction 

M Number of nodes in φ-direction 

OJSC  Open Joint Stock Company 

RAD Studio  Rapid Application Development 

Studio 

r Radial coordinate [m] 

t Time [s]  

Ti Temperature of the forest fuel in the 

point of the i-th layer [K] 

WFAS  Wildland Fire Assessment System 

I. Introduction 

Human activity leads to the initiation of a large 

quantity of wildfires in areas close to the location of 

different industrial or transport infrastructure [1], [2]. For 

example, the anthropogenic impact of the railway 

infrastructure leads to the initiation of wildfires within 

adjacent forested areas [3], [4]. All the infrastructure 

facilities of JSC Russian Railways can be classified into 

linear, point and area sources of human activity [5]. As a 

point source, there can be railway stations, substations, 

and wayside stops located in forested areas. Usually 

human activity is considered as a stochastic process [6].  

However, this work proposes an approach for 

assessing the human activity on forested areas based on a 

deterministic mathematical model. By considering all the 

variety of mathematical models, it is proposed to 

formulate a deterministic mathematical model of the 

human activity, taking into account the similarity of the 

spread of human activity and the heat transfer process 

[7]-[9]. Such a mathematical model is applicable to 

estimate the VNF within forested areas, caused by human 

activity from the railway facilities. The VNF 
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characterizes the predicted or the expected number of 

wildfires in the nodes of the computational grid covering 

controlled forested area [10]. It should be noted that this 

number would correspond only at certain points 

according to the actually recorded number of wildfires 

[11]. Therefore, the VNF does not show the real quantity 

of wildfires, but this number shows the human activity 

grade. The greater the VNF is, the higher the level of 

human activity is. Human activity describes the influence 

of the population movement across the forested area in 

the context of forest fire initiation. The presence of 

humans in forested area corresponds to the presence of 

fire sources in this forested area. Actually, human 

activity refers to human-caused wildfires. VNF is the 

virtual number of fires. Mathematically, VNF is an 

analogue of temperature in heat transfer problems. The 

averaged value of VNF within forest site or/and quarter 

will correspond to the real predicted number of fires for 

this forest site or/and quarter.  

The rest of the article is organized as follows: II. 

Background, III. Materials and Methods, IV. Results and 

Discussion, V. Conclusion. The current published results 

on forest fires and anthropogenic load are described in 

the Background section. The study area and the 

mathematical method and procedure are described in the 

Materials and Methods section. The key findings and the 

obtained dependences are described in the Results and 

Discussion section accompanied with some 

considerations and discussions. The summary of the 

research and further developments are described in the 

Conclusion section. 

II. Background 

Because of wildfires, environmental, societal, and 

economic damages occur [12]. Preventing wildfires is 

impossible without predicting their occurrence [13]-[15].  

In Canada, forest fire predicting is carried out through 

the Canadian Forest Fire Information System (CWFIS) 

[16]-[20]. This system is also used in some regions of the 

United States. The American system (WFAS) [21], [22] 

makes it possible to predict forest fire danger due to 

lightning and human activity [23]. The forest fire danger 

characteristics are expressed in dimensionless quantities. 

Dimensionless indicators use scales of various 

fractionalities (hundredths, twelve-, five-point). Some 

subsystems use partial scale range, less than 80%. The 

European Forest Fire Information System (EFFIS) has 

been originally built on a complex of South European 

Indices [24], [25]. Later, the Canadian Wildfire Weather 

Index System has been incorporated to predict the 

occurrence of wildfires in Europe. The information 

system for remote monitoring of forest fires (ISDM-

Rosleskhoz) [26] was developed in 2003 (Podolskaya et 

al., 2011) [27]. Earlier, probabilistic criteria have been 

developed for predicting the probability of wildfires 

caused by lightning and human activity [28]-[30].  

Urbanization and recreational pressure are the main 

causes that lead to forest change [31], [32]. The authors 

of [32] have analyzed the socio-psychological reasons for 

visiting forests and the occurrence of fires. It has been 

found out that with an increase in the distance from the 

settlement, the population impact decreases [33], [34] 

corresponding to Rayleigh and Poisson dependences 

[35]. Among the factors under consideration for the 

occurrence of wildfires there are, e.g., the density of 

roads and railways, the distance to an urbanized area, the 

distance to the city, population density, etc. [36].  

Accordingly, in forests with a higher population 

density, roads, and railways, the fire danger is also 

higher. The influx of vacationers and hunters increases 

the summer maximum of fires associated with the 

distance from settlements and transport infrastructure 

[33], [37], [38]. It has been found out that the distribution 

of wildfires, depending on the distance from the transport 

infrastructure, is often described by an exponential 

function [35]. The frequency of wildfires in Catalonia 

(Spain) was estimated from 1975 to 1998 [39]. Remote 

sensing data have identified forest fires with an area of 

more than 30 hectares, ensuring the determination of the 

parameters of the wildfires distribution over forested 

areas in Catalonia. In order to analyze data for the 

interval under consideration, various models of the 

frequency of wildfires have been used: the period of 

natural fire succession (NFR), the Poisson Process Model 

(PPM), and the average interval of fires (MFI). The 

simplest of them, NFR, allows determining how many 

years it will take to cover by fire the forested area 

comparable to the investigated one. In some areas of the 

forest, repeated fires have been recorded. In [40], a 

model for estimating fire danger has been considered 

within the country of Daiu, China. A genetic algorithm 

has been used to assess forest fire danger [41]. The work 

has been carried out through the following steps: a) 

determination of the location of forest fires; b) selection 

and classification of parameters using the natural 

partitioning method [42], multicollinearity analysis [43], 

weighted estimation of individual classes of parameters 

using the confidence factor method, creation of data for 

training and normalization of parameters; c) the use of a 

genetic algorithm; d) Application of Random Forests 

[44] and Support Vector Machine [45] methods, 

visualization of forest fire danger data, and verification 

of the proposed methodology. Such parameters, such as 

the use of the territory, the distance to the road network, 

the distance to the river network are taken into account. 

Remote sensing data from Aster and Landsat satellites 

have been used as one of the data sources. In [46], an 

analysis of the influence of human activity on the 

initiation of wildfires in the Mississippi region (USA) 

has been presented. The dataset on temporal, spatial, 

social, and economic characteristics in the initiation of 

52,532 wildfires as a result of human activity have been 

analyzed. The period of occurrence of forest fires from 

1991 to 2005 was analyzed. Ignitions from equipment, 

children, and burning particles are more frequently than 

fires near roads and railways as reported in statistics.  

Eleven parameters are selected to calculate the 
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probability of seven types of wildfires caused by human 

activity. The time of the year and the weekends have 

been considered as temporary variables. Spatial variables 

have been analyzed using a geographic information 

system in order to estimate distances to roads, railways, 

and settlements. Population density has been also 

considered as a parameter. Socio-economic 

characteristics like income, poverty, and unemployment 

have been also considered. The transport network has 

been linked to forest fires driven by human activity. For 

example, it has been found out that increasing the 

distance from the road network by 1 km reduces the 

probability of wildfires. In [47], the initiation of wildfires 

in Spain has been analyzed from the point of view of the 

relationship between climatic and anthropogenic 

variables. The following climatic parameters have been 

considered: mean monthly temperature and precipitation 

[48], [49]. These characteristics have been presented with 

a spatial resolution of 10  10 km. This data has been 

obtained using the Spanish Meteorological Network from 

1951 to 2010. The following data have been used as 

parameters of human activity: land use, population, and 

human factor index. The principal component analysis 

has been used to process these data [50] in combination 

with the Varimax procedure [51]. In addition, regression 

analysis methods have been used. Data processing has 

showed that most of the fires occur in summer, 

regardless of the study region. It has been found out that 

the human pressure index is an important indicator of the 

wildfires initiation. In [52], the leading factors of the 

wildfire initiation due to lightning and human activity 

within the region of the Great Xin'an Mountains (China) 

have been considered. The data for the period from 1967 

to 2006 have been analyzed. Statistical data have 

included information on the reason of wildfires, the 

place, and the date of wildfires, the area of the fire and 

the date of its suppression, and the type of vegetation. 

Two groups of forest fires have been considered. In one 

group, forest fires have been considered as a result of 

lightning activity, and in the other one, as a result of the 

human factor. The meteorological data have been also 

analyzed. According to [53], [54], the population of this 

region increased from 30,000 to 116,000 between 1964 

and 1968. From 1969 to 1986, 787,000 people arrived 

and 599,000 left the region. In the period from 1987 to 

1997, the number of inhabitants remained relatively 

stable with an annual growth rate of 2%. From 1998 to 

2011, the annual population growth was 0.04%, resulting 

in a population of 516,000 by the beginning of 2011. The 

regression analysis has showed that the maximum 

temperature in the fire season has a significant effect. In 

[38], the spatial aspects of fires caused by human activity 

in the Yunnan province (China) have been analyzed. The 

following parameters have been analyzed: distance from 

roads and railways, population density, tourist sites and 

farms [55]-[57]. The road network of the region has been 

divided into two groups: a) main roads; b) minor roads.  

The main roads have been national roads, highways, 

provincial roads, and railways. The second group has 

consisted of village roads and paths. These have been 

linear objects. Point sources of human activity have been 

also presented: urban-type settlements (city, village, 

township) and villages. In addition, the consideration has 

included water bodies, including hydroelectric power 

plants and tourist centers. For data analysis, the basic 

principles of the theory of probability have been used 

[58]. Wildfire mapping has been done in ArcGIS 

software. The final risk has been assessed in four 

categories: low, medium, high, very high predictable 

risk. It has been revealed that the maximum human 

activity is observed within 5 km from roads and 

settlements. The greatest risks are associated with roads, 

water bodies, and farms. As a result, a probabilistic 

model has been developed to predict the occurrence of 

forest fires. The purpose of the article is mathematical 

modeling of the human activity from a railway station 

applicable to forest fire danger predicting. 

III. Materials and Methods 

For the Republic of Buryatia, the problem of forest 

fires becomes urgent every year. Many researchers pay 

attention to the study of the features of the occurrence 

and spread of fires in Buryatia, and also study the sources 

of their occurrence [59]-[68]. The fire dangerous season 

in Buryatia begins from the moment the snow cover in 

the forest melts and it goes on until the onset of stable 

rainy autumn weather. The most fire dangerous months 

in the Republic are the second part of May, June and the 

first part of August, and during the autumn period [69].  

The Republic of Buryatia occupies a large part of the 

Baikal region. Forests in Buryatia occupy an area of 29.6 

million hectares or 84.4% of the region's area. Most of 

the forests (about 75%) belong to the most fire dangerous 

forests (I – III classes), and to the I class - almost one 

third. The class of a forest is defined in the Russian 

Frderation according to Melekhov scale and Nesterov 

Index. The plots of the forests of classes IV and V can be 

exposed to fires during periods of prolonged droughts 

[70]. Among natural emergencies, forest fires in the 

Republic account for more than 90% of the damage in 

the form of a reduction in forestry resources [60]. In 

2015, 16% of fire cases in the Republic of Buryatia were 

caused by dry thunderstorms (in July - 36%, in August - 

62% of the whole number of wildfires). In 2016, the 

release of the southern cyclone was observed on July 9-

10 with heavy rains in places, thunderstorms, and a 

decline in heat. The first thunderstorm of 2019 was noted 

on April 26 in Tsakir, Zakamensky district, in May - 5 

cases. On average, in the Republic of Buryatia, 118.3 

thousand hectares of forests are destroyed every year, 

which is 0.6% [60]. The length of communication lines 

in the Republic of Buryatia (at the end of the year; 

kilometers) is 1227 km. The ratio of public railways, (km 

of tracks per 10,000 sq. km of territory) is 35 km [71].  

The railways of the Republic of Buryatia are 

represented by a network of public railways (East 

Siberian Railway - a branch of the Russian Railways 
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OJSC) and industrial railway transport. The Trans-

Siberian Railway runs from west to east; its length within 

the Republic of Buryatia is 1293 km. From it, in the 

southern direction, there is a branch to the border with 

Mongolia in the area of Naushki station. The section of 

the Ulan-Ude - Naushki railway has a length of 256 km, 

departing from the Trans-Siberian Railway after the 

station. Zaudinskaya, within the city of Ulan-Ude, was 

built in 1939 and it has not been electrified yet. The 

station is one of the leading railway crossings for the 

transport of goods to the People's Republic of China and 

Mongolia. The territories of the northern regions are 

crossed by the Baikal-Amur Mainline, whose Buryat 

section is currently part of the East Siberian Railway, a 

branch of the JSC Russian Railways. The length of the 

section is 1856 km. The construction of the railway was 

completed in December 2003 with the opening of the 

Severomuisky tunnel, which made it possible to organize 

through traffic along the Baikal-Amur Mainline. There 

are 49 railway stations and stations in the Republic of 

Buryatia. The level of wear on public railway tracks is 

60% [72]. Dynamics of fires on locomotives are 

presented in Figure 1. Such fires can produce some 

quantity of wildfires [73]. The program realization is 

implemented in the RAD Studio software (computational 

procedure is presented in Fig. 2). Expressions like heat 

conduction equation are used to describe spread of 

human activity over controlled forested area around 

railway station. Partial differential equations have been 

solved using the finite difference method. The main idea 

of this method is that instead of partial derivatives in the 

equation, their finite-difference approximations should 

be used. Therefore, the study region is represented as a 

set of nodes (finite-difference mesh). A finite difference 

representation of the boundary conditions also is used.  

As a result, the closed system of the linear algebraic 

equations is solved by numerical methods using a 

computer. When realizing this method, implicit four-

point difference pattern has been used. According to this 

pattern, it is necessary to take into account three points 

on the new temporal layer of scheme and one point from 

the previous temporal layer.  
 

 
 

Fig. 1. Dynamics of fires on locomotives 

within Republic of Buryatia (Russian Federation) [73] 

 
 

Fig. 2. Computational procedure [77] 

 

In this scheme, the temperature field is presented in 

implicit form. This scheme is used quite frequently, 

because of its stability [74]-[76]. A short description of 

the procedure for computing is done as follows.  

Computational procedure is implemented using RAD 

Studio high-level programming language Delphi. The 

first step is a setting-up of parameters and initial 

conditions. For these purposes, computing software uses 

constants and variables with fixed values. During this 

step, spatial and temporal mesh is also constructed using 

uniform discretization for spatial and temporal 

coordinates. 100 nodes have been used for each 

direction. In order to determine this parameter, 

computation on condensing mesh sequence has been 

conducted. The next step is used to organize 

computational circle within definite period consisting of 

two sub-circles in order to calculate VNF in r and φ 

directions at the condition when another spatial 

coordinate is fixed. Computational circle with pre-

condition is used. The following condition has been used: 

current time variable value is equal or greater than the 

ending time of calculations. In fact, the first and the 

second sub-circles are calculated VNF using a group of 

one-dimensional tasks of mathematical physics in r and φ 

directions. Each sub-circle is a circle with 

parameterization (Delphi uses Object Pascal language 
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constructions). By following the algorithm, each one-

dimensional task should be presented as a systematic 

procedure consisting of forward and backward run using 

marching method. Forward run is started using 

initialization of first running coefficients according to 

corresponding boundary conditions. During the next step, 

other running coefficients are computed using variables 

of finite-difference analogue of partial differential 

equation. At the end, corresponding boundary condition 

should be used to set up last value of VNF in forward 

run. Backward run is presented by circle with downward 

parameterization. In order to take into account possible 

non-linearity of partial differential equations, simple 

iteration method is used at the each temporal step. In 

order to organize the iteration circle, computational circle 

with parameterization is used. After computing the 

parameters of the task, the obtained array of VNF is 

written in the data file (for example, text formatted data 

file), that can be analyzed and visualized in Origin Pro 

software. A model forest-covered, typical for the forests 

of the Republic of Buryatia (Russian Federation) area, is 

considered. A part of the Trans-Siberian railway runs 

through the Republic of Buryatia, which is operated by 

JSC Russian Railways [78]. As mentioned earlier, the 

infrastructure facilities of JSC Russian Railways are 

sources of human activity on controlled areas. For 

example, linear and point sources of human activity can 

be identified. An example of a linear source of human 

activity is a railway track running in a forest. An example 

of a point source of human activity is a railway station, a 

substation, or a wayside stop. As a rule, woodlands are 

located around such a station, through which forest roads 

and trails pass. These transport and pedestrian canals are 

the main route of the anthropogenic pressure spreading 

around the railway station. In addition, a person can 

move directly through the forest. This is especially true 

for mushroom pickers, berry pickers, and hunters.  

Because of the movement of people from the railway 

station deep into the forest, the human activity is 

distributed over the adjacent territory and forest fires are 

possible for various anthropogenic reasons. As already 

noted, the bulk of the works is devoted to the assessment 

of anthropogenic fires as a stochastic process [6].  

However, in [32], it has been found out that when 

visiting a forest area, people are characterized by the 

same patterns in decision-making. This fact makes it 

possible to question the stochastic nature of the human 

activity on forested areas. This paper proposes a 

deterministic mathematical model of the human activity 

spread based on the similarity of the spread of human 

activity and heat transfer processes. Such a similarity is 

considered an axiom within the framework of a new 

approach being developed to predict the spread of human 

activity. Mathematically, the process of propagation of 

human activity can be described by a partial differential 

equation of mathematical physics with the corresponding 

initial and boundary conditions. Moreover, a non-

stationary equation is considered, which makes it 

possible to take into account the change in human 

activity in time and space. As a quantitative characteristic 

of human activity, the concept of the VNF is introduced.  

This parameter shows the predicted, expected number 

of wildfires. The level of human activity is increased 

with the growth of the VNF. Mathematically, the 

suggested similarity of heat transfer and human activity 

spread is used. VNF is mathematical analogue of 

temperature in heat conduction problems. The definitions 

of the derivatives are the same as in heat conduction 

problems. The decision area is shown in Figure 3. The 

equation of human activity spread is: 
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The boundary conditions are: 
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The periodic boundary conditions along the φ 

coordinate can be used, or in a symmetrical setting: 
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The initial conditions are: 
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In this study, a GIS-system based on proprietary 

programming code and the Origin Pro software has been 

used to visualize computed VNF [79]. Delphi high level 

programming language is applicable to create specific 

program unit for computing anthropogenic pressure level 

using RAD Studio by Embarcadero [80].  
 

 
 

Fig. 3. Decision area [10] 
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This unit is the console application working in dialog 

mode. Origin Pro software can provide more cheaper 

decision in order to visualize and analyze the predicted 

data on VNF in comparison with other systems to 

construct GIS. This software package also provides 

advanced possibilities to analyze and process predicted 

data using suggested GIS-system. The use of Origin Pro 

is a good idea because local forestry maps are not geo-

referenced and Origin Pro is compatible with MS Excel.  

Moreover, Origin Pro software is applicable for 

statistical data analysis and approximation accompanied 

with data visualization of wildfires and forest fire danger 

and human activity parameters. This system uses 

deterministic mathematical simulation instead of ones 

based on rules or knowledge with artificial intelligence 

[81], [82]. Moreover, high performance computing is 

applicable to faster processes of predicting, monitoring, 

and assessing forest fire danger using deterministic 

approach rather then stochastic methods. GIS systems 

underlie geoinformatics, which studies natural and socio-

economic geosystems taking into account various 

hierarchical levels through computer processing of the 

created databases and knowledge bases [83]. GIS-

systems simulate the processes occurring in the studied 

geosystem [84],[85]. It should be noted that information 

processing could be carried out using existing software 

products, or using original techniques and computer 

programs. The general definition of GIS is as follows: a 

geographic information system is an interactive 

information system that provides collection, storage, 

access, display of spatially organized data and that is 

focused on the possibility of making scientifically 

grounded management decisions [83]. According to the 

territorial level, GIS refers to local ones with the 

following coverage of the territory - 102 - 103 km2 [83].  

GIS includes generation of new information based on 

the synthesis of existing data, display of spatiotemporal 

connections of objects, support for decision making, 

ability to promptly update databases due to newly 

received information. 

IV. Results and Discussion 

In order to analyze the processes of the human activity 

from a point source, it is proposed to use scenario 

modeling [86]. First, it is necessary to highlight the 

various sources of human activity based on the analysis 

of data on the railway infrastructure in the Russian 

Federation.  

The following point sources of human activity can be 

identified: railway stations, substations, and wayside 

stops. The level of human activity should be maximum 

for a railway station and minimum for a wayside stop.  

Secondly, two options for the impact of a point source 

on the forested area should be considered, namely, the 

impact in a circle of 360° and a semicircle of 180°. The 

first option is typical for a railway facility located in a 

forested area. In such a situation, people can move in all 

the directions relative to a point object. The second 

option is characterized by the location on one side of a 

point source of a natural barrier for the spread of human 

activity or the absence of forests. For example, on one 

side of a point source there is a large body of water or a 

mountain range. The third group of scenarios is due to 

the different periods of the spread of human activity. It is 

believed that the highest anthropogenic pressure is 

observed at noon and later. Therefore, the period of local 

time from 6 am to 4 pm is considered. Thus, the 

estimated exposure time of a point source will vary from 

0 to 10 hours. Tables A1-A3 provide descriptions of 

model scenarios for a railway station, a substation, and a 

wayside stop, respectively. Parameter A, represented in 

Tables A1-A3, indicates the propagation of human 

activity through the controlled area. This parameter 

applicable for characterizing the properties of forest 

within decision area like thermal diffusivity is 

responsible to the characteristics of material during heat 

conduction [87], [88]. Different types of point sources, 

namely, railway station, substation and wayside stop 

have been marked out taking into account characteristic 

object sizes (small, medium and large) using definite 

VNF in the boundary conditions in the centre of circle 

represented decision area. The VNF for different sizes of 

railway station produced human activity during 10 hours 

around 360° is shown in Figures 4. The VNF for 

different sizes of railway substation produced human 

activity during 10 hours around 360° is shown in Figures 

5. The VNF for different sizes of railway wayside stop 

produced human activity during 10 hours around 360° is 

shown in Figures 6. The VNF for different sizes of 

railway station (a), substation (b) and wayside stop (c) 

produced human activity during 10 hours around 180° is 

shown in Figures 7. As a result of the analysis, different 

railway objects have produced different distribution of 

the VNF caused by the different level of human activity. 

Namely, railway station situated in the forest leads to 

highest level of anthropogenic pressure. Substation has 

produced a moderate level of anthropogenic pressure 

while wayside stop leads to low level of human activity 

according to the predicted VNF. Different sizes of the 

railway object have also showed that a highest VNF is 

predicted for large one.  

Medium and small sized railway objects cause 

moderate and lower grade of anthropogenic pressure. 

Parameter A has been fixed during computational 

experiments.  

This means that the forested territory with the same 

characteristics has been considered for more corrective 

scenario simulation. It should be postulated that further 

computational scenarios should be devoted to study of 

decision areas with different characteristics.  

Predicting the VNF around railway object is highly 

significant task for firefighter services. Wildfires near the 

railway objects can be detected within short time interval 

while wildfires detection in the remote areas is a more 

difficult task. This reason may lead to hard suppression 

of wildfires in this case [89]. 2nd type boundary 

conditions have been used in this study.  
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Figs. 4. The VNF for a railway station: (a) large; (b) medium; (c) small 
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Figs. 5. The VNF for a railway substation: (a) large; (b) medium; (c) small  
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Figs. 6. The VNF for a railway wayside stop: (a) large; (b) medium; (c) small 
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Figs. 7. The VNF for a large railway station, substation and wayside stop 
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Further developments of the mathematical model 

should be aimed to analysis of influence of different 

boundary conditions on the predicted VNF in context of 

recorded number of wildfires within considered forested 

territory. Moreover, non-uniform two-dimensional 

dependences of the VNF should be subjected to analysis 

in further research. In addition, changeable parameter A 

can lead to different results obtained. At present time, 

boundary conditions of first type in the inner boundary of 

study area have been used. Therefore, VNF is equal to 

the constant value at this boundary. This means 

unchangeable boundary value of VNF at this boundary 

r=0. Further developments also will consider boundary 

conditions of second and third types and its physical 

interpretations. At present time, this new approach is in 

the initial stage. At the outer boundary r=R boundary 

condition of second type with zero flux has been used to 

simulate impermeability at this boundary for human 

activity. This means analogues with thermal insulation 

conditions. The periodic boundary on angular coordinate 

has been used for circle of 360 degrees within study area. 

In order to resolve these boundary conditions, the cyclic 

marching method suggested by Samarskiy A.A. has been 

used. Equations (4) and (5) have been used to simulate 

180 degrees study area. There are many examples of 

using correctly these boundary conditions in the heat and 

mass transfer problems, e.g. devoted to tree ignition by 

the cloud-to-ground lightning discharge published, for 

example, in the book [10]. Thus, this paper presents a 

theoretical study of a mathematical approach to predict 

human activity in forested areas in the context of forest 

fires initiation. A two-dimensional deterministic 

mathematical model is proposed to determine the VNF as 

a result of human activity. Mathematically, the spread of 

human activity is described by a non-stationary partial 

differential equation of parabolic type with appropriate 

initial and boundary conditions. The work has been 

carried out on the example of a point source of human 

activity, which can be represented by railway objects.  

Subsequent studies will consider the impact of the 

heterogeneity of the forested area on the spread of human 

activity from a point source. Varying the coefficient A 

will provide an opportunity to model inhomogeneous 

areas around a point source by applying a geometric 

decomposition of the solution domain and boundary 

conditions of the fourth kind at the boundaries of the 

territory with different coefficients A. As a result of such 

modeling, two-dimensional non-uniform distributions of 

the VNF in the controlled forest-covered area can be 

obtained. Another problem that should be solved in 

subsequent studies is the development of a physical 

justification for boundary conditions of the second and 

third kind in relation to the problem of modeling the 

spread of human activity. In addition, a theoretical study 

of the influence of the boundary conditions of the second 

and third kind on the obtained distributions of the VNF is 

necessary. It should be separately specified that it is also 

necessary to develop mathematical models of the spread 

of human activity for a linear and area source of human 

activity. It is proposed to simulate a linear source by 

setting the parameters of its influence on the boundary of 

the computational domain, represented in Cartesian 

coordinates, by means of boundary conditions of various 

types. Initially, it is planned to consider a symmetrical 

setting, when human activity is to the left and to the right 

of the linear source of human activity. The study area can 

also be represented taking into account structural 

heterogeneities caused by different values of the 

coefficient A. An area source can be represented by a 

sufficiently large object of human activity, which can no 

longer be displayed on an electronic map as a point and it 

is necessary to take into account the actual size of this 

source of human activity. Geometrically, an area source 

can be represented by a sub-domain of finite dimensions 

in the solution area with a given value of the VNF within 

this area. In the software implementation of the 

mathematical model for the area source, it will use the 

assignment of the values of the VNF within the area of 

the area source, ensuring that its effect on the adjacent 

territory is taken into account by means of boundary 

conditions of the fourth kind. It is important to note that 

this paper deals with a single source of human activity. In 

a real situation, the geometry of the solution area can be 

represented by a set of inclusions, which also represent 

various combinations of sources of human activity. For 

example, all the three sources of human activity, point, 

linear and area, can be simultaneously present in the 

study area. A typical example of such an area would be a 

large settlement, from which a railway with periodically 

located railway stations leaves. In this case, a large 

settlement will represent an area source of human 

activity, while a railway station and a railway will 

represent point and linear sources, respectively.  

Geometrically, the area of investigation can be split 

into different subareas to use polar or Cartesian 

coordinates. In this case, it is necessary to ensure the 

stitching of solutions for sub-domains with different 

coordinate systems. Ultimately, the distribution of the 

VNF over the research area will be determined by the 

superposition of various sources of human activity. 

V. Conclusion 

Thus, as a result of this study, a new deterministic 

mathematical model to simulate human activity spread 

on forested areas has been developed using similarity of 

heat transfer and human activity. A mathematical 

formulation is formulated using a non-stationary partial 

differential equation of mathematical physics with 

corresponding initial-boundary conditions. Fully ready 

mathematical model for spatial and temporal modeling of 

human activity is suggested. Non-uniform 2-dimensional 

field of VNF will be used in further scenarios and real 

statistical data (another paper will be devoted to analysis 

of wildfires in real study area and some proofing of 

suggested model). In addition, different boundary 

conditions should be investigated theoretically before 

proofing the model with real data on wildfires. Scenario 
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modeling has been carried out for various point sources 

of human activity, namely, a railway station, a 

substation, and wayside stop. Moreover, modeling has 

been carried out for scenarios of large, medium and small 

sizes of a specific point source. As a result of modeling, 

it has been found out that the highest VNF is typical for a 

railway station. The lowest VNF is typical for the 

wayside stop. In turn, the substation is characterized by 

moderate VNF. The impact of a natural barrier in 

modeling the human activity on forested areas was also 

demonstrated. The proposed mathematical model is 

applicable to predict wildfires due to anthropogenic 

pressure. This paper discusses the possibility of 

predicting forest fire dangers near point infrastructure 

facilities of JSC Russian Railways. The results obtained 

are part of a large project to develop methods for 

predicting forest fire dangers near infrastructure facilities 

of Russian Railways. 

Appendix 

TABLE A1 

MODEL CHARACTERISTICS FOR THE RAILWAY STATION 

N scenario Source VNFL A tend Type 

1 Station 40 10 000 2 360 

2 Station 40 10 000 4 360 

3 Station 40 10 000 6 360 

4 Station 40 10 000 8 360 

5 Station 40 10 000 10 360 

6 Station 30 10 000 2 360 

7 Station 30 10 000 4 360 

8 Station 30 10 000 6 360 

9 Station 30 10 000 8 360 

10 Station 30 10 000 10 360 

11 Station 25 10 000 2 360 

12 Station 25 10 000 4 360 

13 Station 25 10 000 6 360 

14 Station 25 10 000 8 360 

15 Station 25 10 000 10 360 

N scenario Source VNFL A tend Type 

1 Station 40 10 000 2 180 

2 Station 40 10 000 4 180 

3 Station 40 10 000 6 180 

4 Station 40 10 000 8 180 

5 Station 40 10 000 10 180 

6 Station 30 10 000 2 180 

7 Station 30 10 000 4 180 

8 Station 30 10 000 6 180 

9 Station 30 10 000 8 180 

10 Station 30 10 000 10 180 

11 Station 25 10 000 2 180 

12 Station 25 10 000 4 180 

13 Station 25 10 000 6 180 

14 Station 25 10 000 8 180 

15 Station 25 10 000 10 180 

 

TABLE A2 

MODEL CHARACTERISTICS FOR THE SUBSTATION 

N scenario Source VNFL A tend Type 

1 Substation 25 10 000 2 360 

2 Substation 25 10 000 4 360 

3 Substation 25 10 000 6 360 

4 Substation 25 10 000 8 360 

5 Substation 25 10 000 10 360 

6 Substation 20 10 000 2 360 

7 Substation 20 10 000 4 360 

8 Substation 20 10 000 6 360 

9 Substation 20 10 000 8 360 

10 Substation 20 10 000 10 360 

11 Substation 17.5 10 000 2 360 

12 Substation 17.5 10 000 4 360 

13 Substation 17.5 10 000 6 360 

14 Substation 17.5 10 000 8 360 

15 Substation 17.5 10 000 10 360 

N scenario Source VNFL A tend Type 

1 Substation 25 10 000 2 180 

2 Substation 25 10 000 4 180 

3 Substation 25 10 000 6 180 

4 Substation 25 10 000 8 180 
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N scenario Source VNFL A tend Type 

5 Substation 25 10 000 10 180 

6 Substation 20 10 000 2 180 

7 Substation 20 10 000 4 180 

8 Substation 20 10 000 6 180 

9 Substation 20 10 000 8 180 

10 Substation 20 10 000 10 180 

11 Substation 17.5 10 000 2 180 

12 Substation 17.5 10 000 4 180 

13 Substation 17.5 10 000 6 180 

14 Substation 17.5 10 000 8 180 

15 Substation 17.5 10 000 10 180 

 

TABLE A3 

MODEL CHARACTERISTICS FOR THE WAYSIDE STOP 

N scenario Source VNFL A tend Type 

1 Wayside stop 15 10 000 2 360 

2 Wayside stop 15 10 000 4 360 

3 Wayside stop 15 10 000 6 360 

4 Wayside stop 15 10 000 8 360 

5 Wayside stop 15 10 000 10 360 

6 Wayside stop 10 10 000 2 360 

7 Wayside stop 10 10 000 4 360 

8 Wayside stop 10 10 000 6 360 

9 Wayside stop 10 10 000 8 360 

10 Wayside stop 10 10 000 10 360 

11 Wayside stop 7 10 000 2 360 

12 Wayside stop 7 10 000 4 360 

13 Wayside stop 7 10 000 6 360 

14 Wayside stop 7 10 000 8 360 

15 Wayside stop 7 10 000 10 360 

N scenario Source VNFL A tend Type 

1 Wayside stop 15 10 000 2 180 

2 Wayside stop 15 10 000 4 180 

3 Wayside stop 15 10 000 6 180 

4 Wayside stop 15 10 000 8 180 

5 Wayside stop 15 10 000 10 180 

6 Wayside stop 10 10 000 2 180 

7 Wayside stop 10 10 000 4 180 

8 Wayside stop 10 10 000 6 180 

9 Wayside stop 10 10 000 8 180 

10 Wayside stop 10 10 000 10 180 

11 Wayside stop 7 10 000 2 180 

12 Wayside stop 7 10 000 4 180 

13 Wayside stop 7 10 000 6 180 

14 Wayside stop 7 10 000 8 180 

15 Wayside stop 7 10 000 10 180 
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