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Abstract:  

Forest fires represent threat mostly in countries situated in temperate climate zone, however, 
because of the changing climate, longer periods of high temperatures and drought, we can expect 
that their number and extent will increase in Slovakia, too. There are several factors influencing 
the initiation and further propagation of forest fire. Among the most important factors belong the 
volume and type of fuel available, topography, meteorological conditions and the time of fire. 
Those influence mostly the fire propagation, i.e. fire behaviour. In the paper, we introduce the 
results of a study focusing the fire behaviour in changing wind speed conditions. To model the fire 
behaviour, the FARSITE software was applied. In the modelling, we applied the data on real forest 
fire that occurred in the Slovensky Raj National Park, Koc locality in 2007. We modelled the fire 
behaviour for 24 h, using the specific wind speeds (0 km/h, 34 km/h, 68 km/h). According to the 
modelling results, we analysed the trend of fire propagation for each wind speed and provided the 
correlation analysis between the fire site extent (fire area and fire perimeter) and wind speed in 
Statistica 12 software. The fire propagation in time trend analysis results showed, that during the 
night, the extent of fire site was not increasing, probably because of the lower night temperatures 
and increasing moisture of the vegetation, over the moisture of extinction critical point, but not 
because of wind. The process of fire propagation started in the morning, after sun rise, again. The 
correlation analysis results showed very strong dependency between the fire site extent and wind 
speed. The results of this study have its immediate utilisation in the fire-fighters practice as for 
intervention commanders’ decision support as for fire-fighters education and training. 
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Abstrakt: 
Lesné požiare predstavujú hrozbu najmä pre krajiny situované v teplej klimatickej oblasti, avšak, 
z dôvodu zmeny klímy sa dá očakávať nárast ich počtu a rozlohy aj na Slovensku. Vo všeobecnosti 
existuje niekoľko faktorov, ktoré majú vplyv na vznik a následné šírenie požiaru. Medzi 
najvýznamnejšie patria množstvo a typ dostupného paliva, topografia, meteorologická situácia 
a čas vzniku a trvania požiaru. Tieto ovplyvňujú najmä šírenie, t. j. samotné správanie sa požiaru. 
V článku predstavujeme výsledky štúdie zameranej na posúdenie správania sa požiaru 
v podmienkach meniacej sa rýchlosti vetra. Na účely modelovania bol použitý softvér FARSITE. 
V procese modelovania sme použili údaje z reálneho požiaru, ktorý sa vyskytol v roku 2007 na 
území Národného parku Slovenský raj, konkrétne v lokalite Koč. Požiar sme modelovali počas 24 
h, s využitím konkrétnych rýchlostí vetra (0 km/h, 34 km/h, 68 km/h). Vychádzajúc z výsledkov 
modelovania sme analyzovali trend šírenia požiaru pre každú z modelovaných rýchlostí vetra 
a programe Statistica 12 vykonali aj korelačnú analýzu medzi veľkosťou požiariska a rýchlosťou 
vetra. Výsledky analýzy trendu šírenia požiaru v čase poukázali na fakt, že počas večera a noci sa 
veľkosť požiariska nezväčšovala, a to pravdepodobne z dôvodu nižších nočných teplôt a stúpajúcej 
vlhkosti materiálu, pravdepodobne až nad hranicu vlhkosti vyhasnutia, avšak nebolo to kvôli vetru. 
Šírenie požiaru nastalo znova až v ranných hodinách, po východe Slnka. Výsledky korelačnej 
analýzy poukázali na veľmi tesnú závislosť medzi veľkosťou požiariska a rýchlosťou vetra. 
Výsledky štúdie majú svoje okamžité uplatnenie v hasičskej praxi, a to ako podpora rozhodovania 
veliteľov zásahu a tiež vo vzdelávaní a výcviku hasičov. 

Kľúčové slová: závislosť, FARSITE, správanie sa požiaru, rýchlosť vetra  

Introduction 
Forest fire is a well-known phenomenon also in Slovakia. There are known 

totally five types of forest fire in Slovakia, in contrast to three types distinguished in 
the world. Besides the underground, ground and crown fire, we distinguish also the 
hollow tree fire and wind disaster disturbed area fire. The most dangerous fire is the 
crown fire. This type of fire occurs rarely in Slovak conditions. The most often 
occurring is the ground fire and the underground fire occurring, mostly in chalky 
areas. 

Research on forest fire includes more issues in the world: forest fire risk 
assessment, building forest fire warning systems, fire behaviour modelling, research 
on impact of individual fuel [4,18], topography [9,21], meteorological and wind 
condition on fire behaviour [22, 23], implementation of UAV to fire monitoring [16], 
CCTV fire detection systems implementation in the fire prevention sphere [17, 15]. 

Research on forest fires in Slovakia focuses mostly the fire risk assessment 
[19,20], fire behaviour modelling [6,7] and testing the fire properties of woody fuel 
[5,12,13,14]. There are only few works dealing with assessment of forest fuel volume 
[10,11] or research on factors influencing the forest fire ignition and propagation 
[1,2,8]. 

This work is one of the first studies in Slovakia which deals with investigation of 
the wind speed change on fire behaviour, expressed by the fire site area and perimeter 
in this case. 

Information and knowledge obtaining by tackling this issue is creates a very good 
base to build the knowledge base on forest fire behaviour in Slovak conditions. This 
information is necessary not only for fire behaviour modelling itself, but also for 
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explanation of modelling results, for enhancement of decision support of fire incident 
commanders as well as for education and training of fire-fighters. 

 

1. Forest fires in Slovakia 
Forest fire in Slovakia occur mostly during the spring and summer season. They 

often occur as a consequence of human activity in forest, either intended or careless. 

In Fig. 1 we introduce the trend in forest fire occurrence in forests of the Slovak 
Republic in period 2008-2017. 

Fig. 1 Forest fire occurrence in the Slovak Republic in period 2008-2017 

 The data on forest fire number were provided by the Fire Research Institute of 
the Ministry of Interior of the Slovak Republic.  

 

2. Forest fire behaviour principles 
Forest fire behaviour is in many aspects much more complicated as the other 

types of fire. The parameters which influence the process of burning are constantly 
changing because of the change of the conditions in the fire site itself. The change is 
either advantage or disadvantage for controlling the fire and fire-fighting [3]. 

The success or failure of fire-fighting activities in connection with the occurrence 
of a forest fire depends on the ability of the commander to interpret the situation or, in 
many cases, to predict what will happen when different influences, whether internal or 
external, interact. 

The fire-fighting process consists of the same elements as other types of fire: 
initiator (heat), fuel, oxygen access and time. As with other types of fire, its 
extinguishing is directly dependent on the quickest and most effective interruption of 
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the burning process. However, in case of forest fires, or wildland fire, apart from the 
traditional triangle of burning, the so-called "tetrahedron of burning" is used, due to 
the greater complexity of the burning process [3]. 

Among the tetrahedron features belong: fuel parameters, meteorological 
situation, topography and fire time (from its ignition up to the completing the fire-
fighting activities). When the fire is propagating, those factors, which are mutually 
interconnected are constantly changing.   

As mentioned above, during a fire, from its ignition up to removing, fire 
behaviour, within the fire site changes a hundred, perhaps a thousand times. This is 
especially important from the incident commander point of view, who should 
understand these changes and their significance for the further propagation of the fire, 
the further performance of localization and fire-fighting activities in the fire-affected 
area. 

The most important weather parameter in terms of fire is the wind. Wind is a 
direct result of the cooling and heating of the Earth's surface, which creates a varied 
air pressure. 

From the point of view of fire-fighting activities during a fire, the wind has either 
positive or negative effects, either because it slows the fire action or stimulates it. 

As mentioned above, the basic effects of the wind on a fire include changing the 
rate of fire propagation and changing the direction of its spread. However, it is also 
worth mentioning the fact that a double increase in wind speed does not automatically 
mean a double acceleration of fire propagation. In this case, the fire rate increases in 
the geometric sequence. In other words, when the fire area is growing rapidly, the 
impact of the wind on the continuous propagation is multiplied by the power. 

The prevailing weather conditions are in fact a representation of the set of wind 
directions and their speeds occurring normally in the given area, even in the time with 
absence of a fire. What creates them is the uneven heating of the geographical area in 
combination with the topography of this territory. 

The results of the long-term observation of fire-fighters during the fighting of 
wildland fires show that the wind's speed is increasing with the sun rise speeds, while 
with the sunset its speed gradually decreases. Considering the fact that the surface of 
the landscape is warming the fastest between six and ninth o`clock in the morning and 
is cooling at the time of the fifth and seven o`clock in the afternoon, the wind speed is 
highest right in this time, too. Coleman 

 

3. Experiment 
The subject of the study was the influence of the wind conditions, especially 

wind speed, on forest fire initiation and propagation.  

The object of the study was the territory of Slovensky raj National Park, 
especially Koc locality, which was affected by forest fire in 2007. The data necessary 
to describe the position of the fire site and meteorological and wind conditions during 
the fire were obtained from the District Directorate of Fire and Rescue Service in 
Presov. 
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The forest fire in Koc locality was observed on 22. 7. 2007 at 2.45 pm. 

The influence of wind conditions on forest fire behaviour was studied based on 
the fire site extent (perimeter in km and area in hectares) obtained from modelling, in 
dependency on changed wind speed. 

For modelling the forest fire behaviour, we used the FARSITE software. The fire 
behaviour was modelled from its ignition for a period of 24 h. 

Modelling results focusing the fire site perimeter and area in studied wind speeds 
(0, 3, 9, 16, 24, 34, 44, 56, 68 km h-1) were further applied in trend analysis focusing 
the development of fire site extent and in correlation analysis serving for studying the 
tightness of dependence between the fire site extent and wind speed changed. 

Correlation analyses were performed in Statistica 12 software. 

 

4. Results and discussion  
In the analysis of the impact of wind speed on forest fire propagation, we 

proceeded to focus on analysis of the correlation between the influence of wind speed 
on the perimeter (km) and the area (ha) of a fire modelled during the first 24 hours of 
burning. In statistical analyses, however, correlations were calculated only for wind 
velocities 0, 34, 68 km h-1 and for time steps 1, 3, 5, 10, 15, 20, 24 h from the 
beginning of the fire. Trend analysis is performed for all twenty-four-time steps, both 
for the fire site perimeter (Fig. 2) and the fire site area (Fig. 3). 

Fig. 1 Fire site perimeter development trend in dependency on wind speed 

From the graph shown in Fig. 2, the gradual increase of the fire site perimeter up 
to 5 hours from the fire ignition (from 2.45 pm to 7.45 pm) is evident. Subsequently, 
in the next 12 hours (7.45 pm – 6.45 am), the size of the fire site did not change, 
probably due to lower air temperatures (night) and rising moisture content of forest 
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fuel, probably above the moisture of extinction value. The wind speed did not have a 
major impact on night-time behaviour, due to the already mentioned rising moisture 
content of the fuel during the night, which starts to lose moisture after sunrise. There 
was a gradual increase in the propagation rate of the fire in the morning from 7.45 am, 
i. e. after 13 hours of fire burning, and it was gradually increasing until 2.45 pm, i.e. 
24 hours after fire. This may have been caused by the rising air temperature and the 
decreasing moisture of the fuel during the day. Based on this, it can be stated that wind 
has a significant impact on the behaviour of the fire, its propagation, especially during 
the day. 

Fig. 3 Fire site area development trend in dependency on wind speed 

The development of the fire site area depending on the wind speed and the 
duration of the fire, apparent from the graph in Fig. 3, copies the course of the curves 
representing the development of the fire site perimeter values over time, see Fig. 2. 

From the statistical evaluation of the influence of wind speed on the development 
of the extent of the fire site point of view, basic statistical data and correlation of data 
defining the extent of the fire site at the specified times and depending on the set wind 
speeds were also surveyed.  

Here we present the results (Tab. 1) of the correlation between the wind speed 
and the fire site perimeter for wind speeds of 0, 34, 68 km h-1 and fire duration time 
steps of 1, 3, 5, 10, 15, 20, 24 h. 
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Tab. 1 Results of correlation analysis between the wind speed and fire site perimeter 

Wind 
speed 

(km.h-1) 
0 34 68 Mean Standard 

Deviation 

0 1.000000 0.995526 0.951077 2.93 1.60 
34 0.995526 1.000000 0.969772 2.59 1.67 
68 0.951077 0.969772 1.000000 3.08 3.08 

 

In Tab. 2, there are introduced the results of correlation analysis between the 
wind speed and the fire site area. 

 

Tab. 2 Correlation analysis between the wind speed and fire site area 

Wind 
speed 

(km.h-1) 
0 34 68 Mean Standard 

Deviation 

0 1.000000 0.999015 0.986866 52.33 58.11 
34 0.999015 1.000000 0.991786 46.67 60.76 
68 0.986866 0.991786 1.000000 80.24 132.56 

 

In the tables introduced the correlation coefficients, defining the tightness of the 
correlation between wind speed and fire site extent, were calculated at a 95% level of 
significance. From the results, is evident, this is a very tight dependence. 

Conclusions 
The results of analyses focusing the effect of the change in wind speed on fire 

behaviour have not demonstrated the very clear significance of the impact of 
individual factors on the behaviour of a forest fire that occurred in Slovensky raj, Koc 
locality, in 2007. 

The results of the analysis of the trend of fire site extent development revealed 
interesting facts in the propagation of fire during the night and during the day. They 
confirm the facts about the behaviour of the forest fires during the day and night that 
also Coleman [3] described in his book. 

The results of the correlation analyses showed a very tight dependence of the 
investigated factors. However, FARSITE modelling results focusing the fire site extent 
(perimeter and area) did not show the expected logical correctness. In this case, it will 
be necessary to deals with it more in the future, especially to study the logical links 
between input fuel parameters and in particular its physical parameters as well as 
meteorological parameters, not only as defined in FARSITE but in the Rothermel`s 
model itself, which is a integral part of FARSITE. 
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