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COMPUTATIONAL EXPERIMENT FOR FORECASTING AND 

MONITORING THE ENVIRONMENTAL CONDITION OF INDUSTRIAL 

REGIONS 

 

Abstract: The paper presents a mathematical model and the results of numerical calculations for determining 

the basic physical parameters, which effect in the transfer process and the diffusion of aerosol emissions in the 

atmosphere for the purpose of monitoring and forecasting the ecological condition in industrial regions. In 

deriving the mathematical model of the object of study the main parameters: speed and direction of the wind, which 

are changed with time, absorption coefficient of aerosol particles in the atmosphere, power and coordinates of 

sources of emissions of harmful substances, also a significant parameter - the topography of the region are taken 

into account. Short overview of literatures is outlined, which is related to the problem of mathematical modeling 

and computational experiment that concerning to the distribution of hazardous substances. On the basis of 

developed model and algorithm, several numerical calculations in computer were conducted by the authors. The 

results of calculations are illustrated in graphical form and they are implemented with proper conclusions. 
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INTRODUCTION 

 Since the ecology of atmosphere - is one of the 

most important environmental indicators, there is a 

need for forecasts impurity concentration in the 

surface layer of the atmosphere for different time 

frames. In particular, the practical interest show 

short-term forecasts relating to the coverage of 

maximum permissible concentration norm of harmful 

substances in the projection of structures of new 

enterprises. 

Contamination of the surface layer of the 

atmosphere and land surface, including the transfer 

and diffusion of pollutants, and their deposition and 

concentration - this is a very complex process that 

subjected to the influence of many factors, including 

geographical and weather and climatic conditions, 

which are specific to one or another of the region. 

Moreover, it is important to take into account the fact 

that the meteorological conditions are changed 

during the day and the seasons. 

The complexity of the process leads to an 

integrated approach to the successful achievement of 

the objective of this research, which consists of 

developing models, efficient computational 

algorithms and software tools for the automation of 

solving the problems of forecasting the ecological 

state of industrial regions and the adoption of 

solutions for environmental protection from harmful 

effects with sufficiently high degree of reliability. 

The intense pace of economic development of 

any country requires the construction and disposition 

of powerful industrial objects and commercial 

complexes in different areas depending on the raw 

capacity and labor supply. Typically, such facilities 

are constructed in densely populated areas or near 

them. This imposes special restrictions on the 
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placement of objects, which releases harmful 

substances into the atmosphere by violating the 

existing environmental condition in this region. In 

this regard, it is clear that the monitoring and 

forecasting problem of the transmission process of 

the diffusion and transfer of harmful substances in 

the atmospheric boundary layer and the associated 

acceptance of administrative decisions on the 

protection of the environment, its protection from  

technogenic factors are highly relevant, requiring 

carefully considered decisions. 

In addition to industrial objects, the source of 

emission of harmful particles in the atmosphere is 

their removal from the soil surface as a result of the 

turbulent motion of air masses in the atmospheric 

boundary layer. Every year from the soil surface and 

the exposed seabed and water tanks and carried into 

the boundary layer of the atmosphere large amounts 

of salt dust. In its structure, suspended particles are 

dominated in the form of aerosols with a impurity of 

agricultural pesticides, fertilizers and other harmful 

components of industrial and domestic waste. 

It should also be noted that thrown into the 

atmosphere aerosol particles affect the processes of 

cloud and precipitation by changing the 

microstructure of cloud particles and solar radiation 

and heat transfer processes in the atmosphere, also 

the temperature conditions of Earth's climate system. 

According to climatologists, the impact of 

ejected particles to the Earth's atmosphere is that 

aerosols scatter and absorb solar and thermal 

radiation, altering the radioactive balance of the 

atmosphere and the underlying surface. Climatic 

influence of aerosols ejected into the atmosphere 

industrial facilities causes a change in the radioactive 

properties (absorption and reflectance) of clouds, and 

their life time in the atmosphere and change in the 

relative humidity, which leads to the destruction of 

the cloud. The presence in the atmosphere spreading 

aerosol particles leads to a negative effect of 

radiation, i.e., cooling the Earth's surface. 

The above mentioned problem poses the 

problem for humanity, which requires immediate and 

indisputable solutions. 

The appearance of supercomputers and 

software has enabled the development of software for 

the solution of this problem. One of the effective 

tools that support decision-making on this issue is the 

development of computer models and conduct 

computational experiments based on them.  

With the usage of computer modeling of 

transfer process and diffusion of pollutants in the 

atmospheric boundary layer many studies both 

applied and fundamental character are carried out. 

The problem of mathematical modeling of transport 

and diffusion of pollutants in the process of the 

atmospheric boundary layer actively solved many 

scientists.  

In particular, the paper [1] is devoted to the 

creation of an information system for the modeling 

the process of the spread of hazardous substances in 

the atmosphere, emitted from industrial objects, 

using application software «ArcGIS», reflecting on 

the real state of the air in regions. It should be noted 

that within the system results can be obtained only at 

certain points, and they cannot give an adequate 

picture of the state of the air in the rest area.  

In the article [2] a mathematical model of the 

dynamics and kinetics of aerosol particles in the 

spread of the atmospheric boundary layer as a multi-

component environment is developed, taking into 

account the photochemical transformation and 

formation of aerosols in the troposphere of the 

northern hemisphere, as well as kinetic processes 

enucleation, condensation and coagulation.  

By the author of article [3] software for the 

study of the ecological state of the region is 

developed, placing inflammable objects and their 

optimization taking into account the terrain and 

spatial form. 

Article [4] is devoted to the development of 

computer models for monitoring and forecasting the 

transmission process and the diffusion of aerosol 

particles into the environment of vehicles. The 

authors present the results of the numerical 

implementation of the model on a computer using the 

finite volume method based on the calculation 

algorithm developed distributed.  

In [5] a mathematical model of the spread of 

harmful substances in the atmosphere is developed, 

taking into account the field of wind currents on the 

basis of the Navier-Stokes equations, taking into 

account the compressibility and turbulence of the air 

environment, terrain. SIMPLE-algorithm is used as a 

numerical method.  

A study [6] was based on models developed by 

the regional agents of the diffusion process, 

described hydro thermodynamic equation, namely 

the equation of molecular heat conduction in the 

active layer of soil, taking into account the heat 

balance of the underlying surface (water, earth). The 

comprehensive mathematical model of researchers 

consists of separate units, which each one is a 

mathematical model that describes the processes 

hydro thermodynamic in separate environmental 

objects. This paper considers the environmental 

problems associated with the distribution of 

pollutants from known sources and determined the 

probable location of the source in an water medium.  

The process of transfer and diffusion of aerosol 

particles in the atmosphere, taking into account 

different climatic factors and external disturbances is 

considered in [7]. The article discussed the transport 

of air pollutants from the source based on the 

advection of pollutants from the average air flow, 

mixing polluting atmospheric turbulence and mass 

diffusion. Also in the paper the study the process of 
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distribution of aerosol particles in a variety of 

physical and mathematical aspects related to the 

transport and diffusion of pollutants in the 

atmospheric boundary layer at the weak and strong 

winds is conducted. 

It should be noted that the question of 

mathematical modeling of pollutant transported by 

water shows considerable interest. Thus, in [8] the 

studied the process was modeled as a set of four 

simple models: the land of water flow, leakage, 

transfer of pollutants runoff and pollutant deposition 

(accumulation) on the ground. The developed model 

is based on the diffusion equation with an additional 

term on the right side. This model takes into account 

the influence of topography, lithology territory and 

the intensity of the contamination rate of absorption 

of earth surface. The shape, the boundaries and the 

topology of addressing the problem vary over time 

and depend on the appearance of dry "islands" 

surrounded by water. 

[9] is devoted to the study of processes of 

dispersion and diffusion of reactive primary 

pollutants emitted from elevated line sources in a 

stable boundary layer of the atmosphere with the 

wind speed and the generalized quadratic function of 

the vertical height. For this setting, an exact solution 

using Laplace transform for linear sources in the 

atmospheric boundary layer. It takes into account the 

chemical reaction that occurs as a result of 

interaction with the air mass, as well as the 

conversion of gaseous pollutants in the solid particles 

and their deposition on the surface of the area under 

consideration. 

The authors of [10-13] developed software 

solutions for the multi-component ambient air 

movement task considering the transfer and diffusion 

of pollutants in the atmosphere, changes in the 

thermal regime of the atmosphere, the phase 

transition, as well as the influence of vegetation. 

In [14] the process of dissemination of harmful 

substances, taking into account changes in the 

concentration of aerosol particles in the atmosphere 

and seasonal changes in seasons, and in [15] 

developed a mathematical model, numerical 

algorithms and software for computational 

experiment on the computer. 

Article [16] is devoted to modeling of diffusion 

and transfer process of the particles in the 

atmosphere, taking into account changes in hydro-

metrological parameters of the atmosphere. 

The process of optimal placement of industrial 

objects in the regions to support the sanitary norms 

was considered in [17]. 

 

PROBLEM FORMULATION 

Consider the one-dimensional equation of 

transfer and diffusion of hazardous substances in the 

atmosphere, taking into account orography of the 

ground as the first boundary value problem [18-21] 

2

2

( , ) ( , ) ( )

( , ) ( , ) ( )

( , ) ( )
( , ), ( , ) ,

x t x t h x
u

t x

x t x t h x

x t h x
f x t x t D

x

 

 




 
 

 

 


  



 (1) 

 

with the following conditions 

0

( ,0) ,  when =0;

0 ,x

x t

x L

 

 
  (2) 

1

2

(0, ) , when 0;

( , ) , when .

t x

t x L

 

 

  


  
             (3) 

 

Here  - the aerosol; u - wind speed;  - 

absorption coefficient; ( , )f x t - the power of the 

source;  - the diffusion coefficient; h - option to 

define the terrain; 
1 ,

2  - function depending on x. 

For each layer of the model the factor 

 (0 1)h h   is introduced, determining the degree 

of blocking air flow (Fig. 1). 

 

 
 

Figure 1 - The relief of terrain along the area of aerosol transfer emissions 
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METHOD OF SOLUTION 

From the statement of the problem (1) - (3) it 

implied that it is difficult to obtain an analytical 

solution. Thus, for the numerical integration of tasks 

we developed a numerical algorithm based on 

differential operators replaced by a finite-difference 

[22-23].  

 

THE DISCUSSION OF THE RESULTS 

 For research, forecasting and monitoring the 

environmental condition of industrial regions and 

making administrative decisions, a series of 

numerical calculations on a computer were 

conducted by setting different values for the 

parameters of transfer process of harmful substances 

in the atmospheric boundary layer. The results of 

numerical calculations are presented in Fig. 2-10. 

The numerical calculations showed that (curves 

in Fig. 2), the main parameter that affects the process 

of transport and diffusion of pollutants in the 

atmosphere, is the absorption coefficient of harmful 

substances in the atmosphere, which depends on the 

moisture content in the atmosphere and varies by 

time of day and season.  

 

 
Figure 2 - Changes in the concentration of substances in the air at different values of the absorption 

coefficient of harmful particles ( 0,1   and 0,4  ). 

 

Another significant physical component, which 

plays an important role in the spread of aerosol 

particles in the atmosphere, is the wind speed in three 

areas in the atmospheric boundary layer (Fig. 3). As 

follows from the curves in Fig. 3, with the growth 

rates of the air mass in the horizontal process 

intensifies the spread of harmful substances, while 

the unstable wind stratification for a small period of 

time there is a sharp change in the concentration of 

harmful substances in the atmosphere. From the 

curves in Fig. 3, it is clear that the change in the 

concentration of pollutants in the atmosphere occurs 

mainly due to convective particle transfer. 

 

 
Figure 3 - Changes in the concentration of substances in the atmosphere at various values of the wind 

velocity in the boundary layer of the atmosphere (V = 0.5 m/s,V = 1.5 m/s,V = 2.5 m/s). 

 

Fig. 4 shows the results of numerical 

calculation on the computer, changes of the 

concentration of harmful substances in the 

atmosphere at the south-west and south-west 

direction of the wind. The numerical calculation 

carried out at the positive and negative horizontal 

wind speed (V = 2,5 m / s, V = -2,5 m / s). From the 

curves in Fig. 4 it is clear that the transfer of 

pollutants from the source to occur symmetrically in 

the left and right (in the direction of the wind).  
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Figure 4 - Changes in the concentration of substances in the atmosphere in the southwest and south-

western direction of the wind 

 

The numerical calculations in computer have 

shown that the growth of the concentration of aerosol 

particles in the atmosphere is the power and the 

coordinates of the emission source (Fig. 5). This is 

especially noticeable when the air mass is with 

moderate speed. 

 

 

 
Fig. 5. Distribution of concentration of harmful substances in the atmosphere at different values of the 

source’s power 

 

 
Figure 6 - The concentration of aerosol in the atmosphere at t = 10 hours. (with the wind speed V = 1,7 

m/s during 6 hours. The blowing in the south-west direction and at a speed V = 1,5 m/s during 4 hours in the 

south-west direction). 

 

Fig. 6 shows the change of concentration of 

aerosol particles in the atmosphere at t = 10 hours.  

When the wind speed is V = 1,7 m / s for 6 hours. 

The blowing in a southwest direction, and a speed V 

= 1,5 m / s for 4 hours in the south-west direction. 

Based on the results it is clear that a change in the 

concentration of harmful substances play an 

important role wind speed and direction, as well as 

their duration.  

In the absence of wind (air mass resting 

condition) (Fig. 7), the concentration of harmful 

substances is distributed symmetrically in four 

directions with respect to the emission source. The 

numerical calculations have shown that the 
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concentration of particulate matter will accumulate 

around the source, depending on the power source 

and the release duration. 

 

 

 
Figure 7 - Changing the concentration of harmful substances in the atmosphere in the absence of wind 

in the atmosphere. 

 

 
Figure 8 - Changes in the concentration of harmful substances in the atmosphere, depending on the 

location of emission sources. 

 

Fig. 8 shows changes in the concentration of 

harmful substances in length when the springs are 

located at the beginning and end (for Lx = 22 km, Lx 

= 88 km) addressing tasks. As seen from the curves 

in Fig. 8, the concentration of hazardous substances 

decreases exponentially along the length of the 

region considered solutions at moderate atmospheric 

air mass flow rate. Maximum accumulation of 

harmful substances is expected around the source of 

emission of the aerosol particles. 

Numerical calculations were performed for the 

case where there are three sources of emission of 

harmful substances with the same capacity (Fig. 9). 

Analysis of the results of numerical experiments 

showed that the essential physical parameters acting 

on the change in the concentration of harmful 

substances in the atmosphere, are the ratio of the 

particles of the absorption and flow rate of the air 

mass of the atmosphere. 

 

 
Figure 9 - Change of the concentration of hazardous substances in the atmosphere depending on the 

location of particulate emission sources (three sources with power equals to 50). 
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Figure 10 - Change of the concentration of hazardous substances in the atmosphere depending on the 

locations of the ejection of the aerosol particles (three source with power equals to 50 at a wind velocity of V 

= 2,5 m/s). 

 

Numerical calculation on the process of transfer 

and diffusion of pollutants in the atmosphere during 

operation of the three sources to be equivalent 

pollutant emissions capacities showed that the total 

accumulation of aerosol particles occurs in an area 

where the third source is located, when the wind is 

blowing at a speed of V = 2,5 to 3 7 m / s in the 

direction of the source (Fig.10). 

 

CONCLUSION 

 The analysis of numerical experiments on the 

computer showed that: 

- significant parameters which influence the 

process of transfer and diffusion of harmful particles 

in the atmosphere are, firstly, the absorption 

coefficient of harmful substances into the 

atmosphere, which is dependent on the moisture 

content in the atmosphere and varies by time of day 

and time of year; secondly, wind speed and direction, 

as well as their duration; thirdly, the power sources 

of emission of harmful particulate matter; 

- the maximum accumulation of harmful 

substances in the aerosol particle emission area 

occurs where there are moderate winds or its 

absence; 

- when there is no wind (air mass resting 

condition) the concentration of harmful substances is 

distributed symmetrically in four directions with 

respect to the emission source; 

- results of modeling revealed that a significant 

role in changing the speed and direction of winds 

play uplands - hill or mountain ranges located in 

open landscape, recorded in the model parameter 

h(x). Above the uplands, the wind speed is higher 

than the surrounding plain area. Since the high 

pressure area actually extends some distance up the 

hill, the wind changes its direction before reaching it. 

If the air mass meets a steep hill with a rough 

surface, the wind speed increases dramatically, this 

leads to an increase in the coefficient of turbulence. 

Wind speed increases with the difference of 

atmospheric pressure and air velocity falls in the 

ground due to the friction of the underlying surface 

roughness; 

- it is found that an increase in capacity of 

aerosol generators area of the region grows where the 

concentration exceeds the permissible sanitary 

norms, and when the wind is in unstable 

stratification, the area of distribution of harmful 

substances, has a spiked character – maximized in a 

short period of time. 
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