
86

Журнал Белорусского государственного университета. Математика. Информатика. 2022;2:82–93
Journal of the Belarusian State University. Mathematics and Informatics. 2022;2:82–93 

Software for calculating the forest fire dynamics
Approximate solutions of the reduced system of differential equations are calculated using explicit finite- 

difference schemes. The spatial grid is locally uniform and adapted in real-time by taking into account the 
resulting distributions. The time step is determined by the stability conditions [28; 29], taking into account 
the peculia rities and intensity of physicochemical processes at each time layer [30]. The current calculation 
results at the specified time points of the process are recorded in the database and separately visualised 
during processing and analysis. The creation of such a database of numerical experiments allows for the 
intelligent processing of the results. Computer algebra system Wolfram Mathematica is used as the basis of 
a software platform [31; 32].

The results presented below were preceded by methodological calculations, in which the steps of the spatial 
grid were selected based on the Runge rule. Special attention was paid to the issues of adequate correct visua-
lisation, in particular, when constructing density maps and vector fields.

Below, we present and discuss the results of calculations of how the distributions of the main characteristics 
of fire are changed over time in a quadratic forest area with a side of 20 m. The process of fire development 
is studied in a forest when a fire occurs in the centre of the region (taken as the origin of coordinates) and the 
combustion begins to spread. It is considered that the wind in the forest canopy is directed along the Оx axis 
(from left to right). At the same time, on one of the flanks, there are areas with the absence of combustible 
vegetation (glades) [33]. 

The fig. 1–11 below show the volume density of the forest fuel; the green colour shows areas where the 
forest is in its initial state, the brown colour shows areas with no combustible material (fuelbreaks), the already 
burned forest areas are shown in dark blue. Also, the position and shape of the temperature of the current com-
bustion front are synthesised in the same figures using gradient colours (from blue through white and yellow 
to red) as a distribution density map. The «drops» markers show the directions of the gradients of the oxygen 
mass concentration; the size of the «drops» is scaled by intensity.

Fire front propagation through fuelbreaks of various sizes
The examples below consider the options for the development of fires on areas of a forest with the uniform 

density of the forest fuel with inclusions in which there is no forest combustible material – round glades of 
various sizes (schematically shown in fig. 1). Small glades have an area of 2.25 m2, the medium size is 4.5 m2 
(twice as large), and the large is 18 m2, i. e., four times the area of the middle glade. 

Figures 2– 4 show the results of calculations at an equilibrium wind speed at the middle of the flame height 
V = 1.5 m/s for three different sizes of fuelbreaks. The geometry differs only in the area of the clearings. 
The contour of the boundaries of the fuelbreaks and the positions of their centres relative to the combustion 
centre are the same for all three options. The distributions are rendered at the same points in time.

The illustrations can be interpreted as follows. During the first stage, the line of the fire contour breaks after 
meeting the glades. In the second stage, the fire «goes around» the glades. The fire propagation stops in the 
direction opposite to the direction of the wind. In the direction of the wind and across (perpendicular) to the 
direction of the wind, independent flanks meet together and the fire continues to spread as a united front. There 
is an evident difference in the front configurations after overcoming fields of different sizes [27].

In fig. 2– 4 «drops» illustrate the directions and magnitude of the oxygen concentration gradient. The markers 
are shown only in the fire zone; in the areas not affected by the fire, the values of the simulated gas concentra-
tions and temperatures are constant, the gradient is zero.

Fig. 1. Circular fuelbreaks of various sizes: 2.25 m2 (a), 4.5 m2 (b)  
and 18 m2 (c) respectively (time point is 30)


