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Abstract This paper presents a new analysis of how global warming may affect 
the size of forest fires through its effects on air temperature, relative humidity, and 
wind speed. The effects of attack time on the size of the final burned area were 
also determined simultaneously in the statistical analysis. Two nonlinear functions 
determining the size of fires in the Prague-East District of the Czech Republic were 
estimated, based on a set of explanatory variables including air temperature, relative 
humidity, wind speed, and attack time. The functions were determined by multiple 
regression analysis combined with logarithmic transformations. The effects of 
climate change scenarios on future forest fires were calculated using the estimated 
fire-size function. The results show that if global warming leads to increased air 
temperature, reduced humidity, and stronger winds, we can expect larger fires. 
According to climate change scenarios, an upturn in the size of fires is predicted over 
this century. While we can control the fire by reducing the attack time, the results 
also show that if firefighters can reach a fire more quickly, the size of the fire will be 
reduced. If forest management methods, infrastructure, and fire brigade capacity are 
not adapted to the new climate, larger areas can be expected to be destroyed by fire. 
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Introduction

Fires are an inseparable component of 
ecosystem dynamics in European landscapes. 
On average, about 60000 fires occurred 
annually in Europe from 2000 to 2009. The 
burned area was about half a million hectares 
of wildland and forest yearly. The rising trend 
has occurred in forest fire activity in Europe 
since 2000 (San-Miguel-Ayanz et al. 2012). The 
number and burned areas of fires in the Czech 
Republic have increased approximately 70% in 
the period 1991-2015 in comparison with 1971-
1990 (Mozny et al. 2021).
 Forest fires are the result of complex 
interactions between climatic and non-climatic 
factors. Fires are a worldwide phenomenon 
that have apparent impacts on ecosystems with 
their biogeochemical cycles and biogeophysical 
properties (Bowman et al. 2009). An increase in 
the number of fires is expected in the future due 
to climate change, which has been identified 
as the most significant feature for future fire 
regimes (Mouillot et al. 2002, Moriondo et al. 
2006, Amatulli et al. 2013). Climate change is 
likely to entail a considerable increase in the 
number of heatwaves, droughts, and dry spells 
across most of the Mediterranean area, which 
will probably extend the period when fires 
occur and the area at risk and lead to larger 
fires, possibly intensifying desertification (Wu 
et al. 2015). In other words, climate changes can 
lead to less precipitation, and lower humidity 
can make the vegetation and soil dryer and 
increase the frequency of fires in regions with 
fire-prone vegetation (Eskandari et al. 2020). 
Several studies have established a connection 
between burned areas and climate change 
(Flannigan et al. 2013, Abatzoglou & Williams 
2016, Halofsky et al. 2020). According to a 
report by the Czech Hydrometeorological 
Institute in 2009, a notable increase in the 
frequency and length of drought periods by 
the end of the century is identified in future 
climate projections for the European area. They 

applied the Regional Climate Model (RCM) 
for producing weather series representing 
the changing climate in the Czech Republic. 
The greenhouse gas emission scenarios used 
to consist of Representative Concentration 
Pathways (RCP) 4.5 (milder scenario) and 
RCP8.5 (pessimistic scenario). Based on these 
scenarios, a rise in air temperature and minor 
changes in relative humidity are predicted by 
the end of the century, which can affect the size 
of the burned area.
 In addition to climatic factors, the non-climatic 
ones may also play a considerable part in the 
spread of fires. Some of these anthropogenic 
factors significantly affect fires, in particular. 
Human demographic patterns and activities, 
especially fire management and land use, are 
notable examples (Chuvieco et al. 2008, Marlon 
et al. 2008). Fires can be started directly by 
humans and can be prevented; road networks 
can be designed and constructed, for instance, 
to improve access for firefighters and facilitate 
firefighting operations (Zhang et al. 2020). 
If fires are not discovered and extinguished 
quickly, the result may be major economic 
losses and severe consequences for the local 
environment (Hayati et al. 2013). Since forest 
fires are usually unexpected, it is essential to 
facilitate a rapid reaction to extinguish them at an 
early stage (Santín et al. 2016, Bui et al. 2017). 
Lohmander (2020) demonstrated that all relevant 
information, such as fire condition, infrastructure, 
and available local firefighting resources, is 
important for optimal firefighting management 
and international cooperation globally.
 A well-developed forest road network can 
provide easier access to fire areas for forest 
fire fighting vehicles, and with a denser forest 
road network, it takes less time to reach these 
areas (Zhang et al. 2020). Lohmander (2021a) 
investigated the sensitivity of fire areas to 
different conditions in 29 countries. This 
international study showed that the burned 
area increases with average temperature and 
a proxy for attack time. The burned area 
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decreases with a proxy for firefighting capacity.
 Several recent studies have identified various 
climatic and non-climatic factors that affect 
fires. For instance, in China, Zhang et al. (2019) 
studied how forest fires are affected by average 
precipitation, average wind speed, maximum 
temperature, specific humidity, precipitation 
rate, average temperature, forest coverage 
ratio, a normalized difference vegetation index, 
distance to roads and distance to rivers. In 
Mozambique, Nhongo et al. (2019) estimated 
how fires are affected by elevation, aspect, 
slope, average monthly temperature, relative 
humidity, monthly precipitation, distance to 
roads, distance to settlements, and a normalized 
difference vegetation index. Monjarás-Vega 
et al. (2020) in Mexico estimated the effects 
that climate variables such as precipitation, 
and non-climate variables such as distance to 
urban areas, distance to roads, and distance to 
agriculture areas, have on fires.
 The Czech Republic is an example of a 
landscape with fragmented terrain and dense 
forest roads. As a result, forest fires can often be 
extinguished in their early stages, so catastrophic 
damage seldom occurs (Holuša et al. 2018). 
Forest fires are expected to increase in the future 
due to climate change (Schelhaas et al. 2010); 
for this reason, it is important to increase our 
understanding of forest fires and the potential 
consequences of climate-related changes. 
 For the present research, two nonlinear 
functions determining the size of fires in the 
Prague-East district of the Czech Republic 
were estimated, based on a set of explanatory 
variables including air temperature, relative 
humidity, wind speed and attack time in two 
versions with and without wind speed. Because 
wind speed data can be challenging to collect, 
especially when used in many regional or 
international comparisons, as it covers all 
regions. In addition, if wind speed information 
is expensive or takes more time, it may be more 
rational to use the function without wind speed, 
even if the complete function is marginally 
better concerning the expected error.

 The functions were determined by multiple 
regression analysis combined with logarithmic 
transformations. The influence of time on the 
size of the fire was considered nonlinear and 
strictly convex. Since a typical fire starts as a 
very small fire and, as time goes, it grows in 
all directions. Under very stable conditions, 
without wind, it grows like a bigger and 
bigger circle. In such cases, the size of a fire 
is approximately proportional to the time in 
the square. The fire grows like a growing 
ellipse if the wind is weak and stable. Again, 
the area is proportional to the square of time. 
Such functions are strictly convex. In several 
cases, the fire starts as ground fire, as a circle 
or ellipse, and later spreads to the tree crowns. 
Then, the speed of growth can rapidly increase. 
For all of these reasons, it is assumed that the 
size of a fire can be approximated as a strictly 
convex function of time. An exponential 
function is strictly convex and approximates 
all of these phenomena.
 Earlier models have not considered the 
simultaneous effect of climate variables and 
attack time on the size of forest fires. This 
study deals with the effects of climatic and non-
climatic changes on the size of burned area in 
the Prague-East district and estimates the effects 
of climate change scenarios on the size of forest 
fires. The main motivation is to mitigate in order 
to reduce socio-economic losses.
 We hypothesized the simultaneous influence 
of four fundamental factors on the areas burned 
by forest fires: 

(H1) Increased air temperature leads to an 
increase in the size of fires;
(H2) Reduced air humidity leading to dryer 
fuel; forest fires spreading more rapidly;
(H3) Increased wind speed leading to fires 
spreading and growing more rapidly;
(H4) Increased attack time, giving fires 
more time to grow larger. 

 In addition, based on the climate change scenarios:
(H5) The average fire size increases in 
the Czech Republic by the end of the 21st 
century. 
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 The data and results presented in this study 
are intended as a basis for further optimization 
of forest management.

Materials and Methods

Study area

The study focuses on the Prague-East forests 
located in a district within the central Bohemian 
region of the Czech Republic (50°5′16″ N, 
14°25′14″ E). The forest and agricultural 
land area are 16985.3 ha and 47709.68 ha, 
respectively. The average altitude is 431 m. 
(Figure 1) (Czech Statistical Office 2019). The 
average annual air temperature is 10°C (17°C 
in summer), the average annual precipitation 
is 500 mm (200 mm in summer), the average 
annual relative humidity is 77%, the average 
annual wind speed is 22 km h-1 (Czech Republic 
Hydrometeorological Institute 2021).

Data collection

Dependent variable
Forest fire data were collected for the Prague-

East district for the period 2006–2015 from 
the database of the Fire Rescue Service of the 
Czech Republic (Holuša et al. 2018).  These 
records contained detailed information for 
each forest fire, including geographic location 
and fire size. There were 115 fires, of which 
27 were not included in the study owing to 
duplication or missing or incorrectly recorded 
geographical coordinates (Figure 2a). The 
average, maximum, and minimum burned area 
was recorded 0.138 ha, 6 ha, and 0.0001 ha, 
respectively. 
Independent variables
In this paper, independent variables are divided 
into two different classes: climatic and non-
climatic. Climatic data for each fire, including 
temperature at noon (°C), average relative 
humidity (%), and average wind speed (km 
h-1), were acquired from the meteorological 
station closest to the fire location (Czech 
Republic Hydrometeorological Institute 
2021). Non-climatic data were the calculated 
attack time (h), i.e., it takes firefighters to 
reach the fire from the nearest fire station.

Figure 1 The study area in the Prague-East district within the central Bohemian region of the Czech Republic.
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Attack time calculation by the length of 
road and maximum travel speed

The attack time was calculated from the length 
of different roads and the maximum speed of 
firefighting vehicles on different types of the 
road; see Equation (1). This is the time required 
for firefighters to travel from the nearest fire 
station to a specific location in the forest where 
a fire has started. The maximum speed that 
equipped firefighting vehicles are allowed to 
travel on different types of roads in the Czech 
Republic depends on the road properties. L1 
grade forest roads suitable for firefighting 
vehicles and equipment are known as forest 
transport roads. The special characteristics 
of these roads include their width, technical 
facilities, and a maximum gradient of 10-12% 
(Majlingová 2012). Based on the methodological 
guide for drafting firefighting documentation in the 
Czech Republic, the theoretical maximum speed 
limits are 20-40 km h-1 on L1 roads and 60-100 

km h-1 on national roads. In this study, the speeds 
of 40 km h-1 and 100 km h-1 were applied as the 
maximum speed for forest and national roads, 
respectively.
        T = (LF  / MF ) + (LP  / MP)                    (1)
where T is attack time (h), LF and LP are forest 
road length and national road length respectively 
(km), MF and MP are maximum speed limits on 
forest roads and national roads, respectively (km 
h-1).
 The national and forest road network was 
mapped using a geographic information system. 
The road network map was downloaded from the 
'OpenStreetMap' dataset and the Czech Institute 
of Forest Management geoportal (ÚHÚL 2021). 
Data from 'OpenStreetMap' were extracted using 
the OpenStreetMap toolbox in ArcGIS, and the 
web map server (WMS) layer was converted 
(OpenStreetMap Statistics 2021). Both sets of 
data were derived to obtain the shapefile line. 
The ArcGIS network analyst tool was used to 

Figure 2 Forest fire spots in the period 2006–2015 in the Prague-East district of the Czech Republic and number of fire 
stations in the study area (a), the most appropriate road between fire stations nearest to forest fire spots in terms 
of maximum travel speed and length road (b).

(a)                                                                                                                      

 

(b)
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find the closest routes from fire station areas 
across forest fire occurrence zones (Figure 2b). 
The ArcGIS Network Analyst extension uses 
the popular Dijkstra's algorithm for finding the 
shortest routes (Eklund et al. 1996). The optimal 
route from the fire station to the fire incident 
was based on travel distance and travel time, 
and the best route between the incident and 
the chosen stations was calculated. Modeling 
of the spatially-distributed rapid road demands 
incorporated fire stations and fire occurrence 
location shapefile points; the forest road map 
then generated the most appropriate road 
alternatives in terms of maximum travel speed.

Burned area size

The modeling commenced by considering the 
theory of the size of the burned area studied by 
Lohmander (2021b) - Eq. (2).
        S = S(A, W, HR, T, φ)             (2)
 S (ha) denotes the size of the burned area 
after a fire. The burned area is considered a 
function of A air temperature (℃), W wind 
speed (km h-1), HR relative humidity (%), T 
attack time (h), and φ representing other non-
considered factors. 
 For this study, we focused on the first 
four factors, which were discovered to be 
appropriate for explaining the size of fires (Reid 
et al. 2010, Pinto et al. 2020, Mohammadi et 
al. 2021a); the other factors were assumed to 
be more or less constant.

Estimation of burned area functions

In the first version of the analysis, wind speed 
W was not considered as an explanatory 
variable. The burned area was estimated as 
a function of three explanatory variables: air 
temperature, relative humidity, attack time. 
 Hence Eq. (3) was used in the first analysis:
           S = S(A, HR, T)                       (3)
 It was, therefore, possible to estimate the 
function of the burned area. Eq. (4) and Eq. (5) 
assumed the following functional form: 
       LN(S) = KTLN(T) + KAA + KHHR                  (4)

                    S = TK
T  eKA A + KH HR                     (5)

LN(S) is the term, where S (ha) or the size 
of the burned area is the dependent variable. 
KTLN(T), KAA, KHHR are the terms including 
the independent variables of A air temperature 
(℃), HR relative humidity (%), T attack time 
(h), and the parameters of KT, KA, KH that 
would be estimated by multiple regression 
analysis. 
 In the second version, W was added to the 
list of explanatory variables. Hence Eq. (6) 
was used in the second analysis:
                    S = S(A, HR, T, W)                              (6)
 The burned area was also estimated as a 
function of four explanatory variables: attack 
time, air temperature, relative humidity, and 
wind speed - Eq. (7) and Eq. (8). 

       S = TK
T  eKA A + KH HR + KW W                         (7)

LN(S) = KTLN(T) + KAA + KHHR  + KWW     (8)

where S is the size of the burned area (ha), T 
is attack time (h), A is air temperature (°C), 
HR is relative humidity (%), W is wind speed 
(km h-1), and KT, KA, KH, KW are parameter 
values that would be estimated using multiple 
regression analysis. 

 If the initial hypotheses (H1, H2, H3, and 
H4) are correct, the signs of the parameters 
should be:

KT > 0 ˄ KA > 0 ˄KW > 0 ˄ KH < 0

Estimation of the effects of climate 
change scenarios on the size of forest 
fires using the fire model

Climate change scenarios were used to 
evaluate the size of burned areas in the future, 
although this does not imply the probability of 
these scenarios occurring. The scenarios were 
evaluated for four future periods: 2021–2040, 
2041-2060, 2061-2080, and 2081–2100 and 
compared to the current period. For instance, 
at the end of the 21st century (2081–2100), 
the annual average air temperature will 
have increased by 2°C (RCP4.5 scenario) 
and 4.1°C (RCP8.5 scenario). The annual 
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average relative humidity will have risen 
by 0.5% (RCP4.5 scenario) and, the annual 
average relative humidity will not increase 
in the RCP8.5 scenario (see Table 1; Czech 
Hydrometeorological Institute 2009).
 The effects of these possible scenarios (Table 
1) on future forest fires can be calculated using 
the estimated fire size function (Eq. 4). 

Attack time sensitivity analysis

An analysis was carried out to investigate how 
fire size varies with changes in attack time. First, 
the effects of the possible scenarios (Table 1) on 
future forest fires are calculated using Eq. (4) in 
conditions where the air temperature and relative 
humidity change and the attack time is constant. At 
this stage, changes in attack time were examined 
simultaneously with the increased climate change. 
For this process, the attack time was reduced 
by 0%, 20%, and 40% for each climate change 
scenario. The empirically estimated function was 
used for this purpose (Eq. 4). 

Results

Results from the estimation of burned 
area functions

First, according to Eq. (3) in subsection 2.5. the 
multiple regression results were estimated with 
the function of the burned area determined by 
three explanatory variables. The regression 
analysis of Eq. (4) gave a highly significant 
function  (Table 2). For multiple R = 0.9349, 
the F-value of the regression was 197, and the 
p-value of the regression was 7.31×10-38. The 

regression analysis results have shown that the 
fire size is negatively correlated with relative 
humidity and positively correlated with attack 
time and air temperature (Table 2).
Table 2 Estimated parameters of the regression analysis 

based on Eq. (4).

Variable Coefficients Standard 
error t-value P-value

Ln(T) 1.12 0.2514 4.70 0.000024
A 0.0589 0.0218 2.70 0.0085
HR -0.05 0.0126 -3.94 0.00017

 The burned area was estimated as a function 
of attack time, air temperature, and relative 
humidity on the day of the fire, Eq. (9).

          S = T1.12 e0.0589A-0.0500HR                (9)

 The estimated equation in logarithm form is 
found in Eq. (10).  

LN(S) = 1.12LN(T) + 0.0589A - 0.05HR    (10)

 Second, following Eq. (6) in subsection 2.5. an 
alternative model was estimated where the wind 
speed was included in the set of explanatory 
variables (Eq. 8). As expected, the model revealed 
that if wind speed increases, the size of the fire 
also increases. However, the p-value of the wind 
speed parameter exceeded 5% (Table 3). 

 This alternative model is found in equations 
(11) and (12). If wind speed is included in the 
function, the multiple R = 0.9369. All parameters 
change marginally. 
 The estimated burned area as a function of 
attack time, air temperature, relative humidity 
on the day of the fire, and wind speed is found 
in Eq. (11).
    S = T1.16 e0.0505A-0.0574HR + 0.0640W                            (11) 
 The function in logarithm form is found in 
Eq. (12). 
     LN(S) = 1.16LN(T)  + 0.0505A  - 0.0574HR    
   + 0.0640W                               (12)

Table 3 Estimated parameters of the regression analysis 
based on Eq. (8).

Variable Coefficients Standard 
error t-value P-value

Ln(T)  1.16 0.2499  4.621 0.000013
A  0.0505 0.0222  2.267 0.02
HR -0.0574 0.0402 -4.281 0.000049
W  0.0640 0.0134  1.591 0.10

Table 1 Predicted annual rise in air temperature (°C) 
and annual relative humidity (%) in the Czech 
Republic by the end of the 21st century based on 
RCP4.5 and RCP8.5 scenarios.

Emission 
scenario Period

Annual air 
temperature rise 

(°C)

Annual relative 
humidity rise 

(%)
RCP.4.5 2021–2040 0.9 0.4

2041–2060 1.3 0.4
2061–2080 1.8 0.5
2081–2100 2.0 0.5

RCP.8.5 2021–2040 1.0 0.6
2041–2060 1.8 0.5
2061–2080 2.8 0.5
2081–2100 4.1 0
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 After determining the regression parameters, 
the residuals were analyzed for all variable 
dimensions. Since the points in the residual 
plots were randomly dispersed around the 
horizontal axis, the models were found to 
describe the relationships correctly (Figures 3 
& 5). The predicted and observed values of the 
size of the burned area are compared in Figures 
4 & 6. The models between LN(S) indices and 
independent variables performed well, so the 

predicted LN(S) closely resembles the observed 
LN(S) (Figures 4 & 6).

Results from the estimation of the effects 
of climate change scenarios on the size 
of forest fires

The average percentage increase to the current 
value that was estimated using possible climate 
change scenarios, including the predicted annual 
rise in air temperature (℃) and annual relative 

humidity (%) (Table 
1) and the estimated 
burned area function 
(Eq.10). According 
to the climate change 
scenarios, the size of 
the fire increases with 
the air temperature rise 
and relative humidity 
reduction. Based on the 
RCP.4.5 scenarios, the 
annual air temperature 
and relative humidity 
will increase by 0.9 0C 
and 0.4%, respectively, 
by the next 20 years. 
While according to the 
RCP. 8.5 scenarios, the 
annual air temperature, 
and annual relative 

humidity will increase by 1 0C 
and 0.6%, respectively, by the 
next 20 years. As a result, the 
predicted average fire size will 
increase by 3.36 % (RCP.4.5) 
and 2.93% (RCP.8.5) by the 
next 20 years. The results 
have shown that an upturn in 
forest fire size due to climate 
change is predicted over the 
21st century; according to 
climate scenarios, fire size, 
for instance, will increase 
by 9.72% (RCP.4.5) and 
27.31% (RCP.8.5) by the end 
of the 21st century (Figure 7).

Figure 3 Model of residuals of burned area size (Eq. [10]) with respect to T attack time (h) 
(a), air temperature (℃) (b), HR denoting relative humidity (%) (c) and predicted 
LN(S) (ha) values (d).

Figure 4 Observed and predicted size of burned area based on Eq. (10).
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Results of attack 
time sensitivity 
analysis

Improvements in the 
road network may 
reduce future fire 
problems since attack 
times greatly influence 
fire size. The effects 
of attack time were 
estimated based on 
the climate scenarios, 
the empirical model of 
forest fire size (Eq.10), 
and alternative levels of 
attack time reduction. 
Assuming that the road 
network and attack 
times remain constant, 
the prediction is that 
fire size will increase 
considerably due to 
climate change. While 
the fire size can be 
decreased by reducing 
the attack time, the 
results also show that 
if firefighters can reach 
a fire more quickly, the 
size of the fire will be 
reduced. In summary, 
if attack times are 
reduced, the size of fires 
can be reduced in the 
future, even taking into 
account climate change. 
The results have shown 
that a 20% reduction in 
attack time will reduce 
the fire size by 12.07% 
(RCP 4.5) and 2.01% 
(RCP 8.5) by the end of 
the 21st century. While 
with a 40% reduction in 
attack time, the fire size 

Figure 5 Model of residuals of burned area size (Eq. [12]) with respect to T attack time (h) 
(a), air temperature (℃) (b), HR denoting relative humidity (%) (c) and wind 
speed W (km h-1) (d), predicted LN(S) (ha) values (e).

Figure 6 Observed and predicted size of burned area based on Eq. (12).
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will be reduced by 34.05% (RCP 4.5) and 23.48% 
(RCP 8.5) compared to the current condition. These 
results are reported with more details in Table 4.

Discussion

The purpose of this study is to identify the 
simultaneous effects of air temperature, attack 
time, relative humidity, and wind speed on the 
size of forest fires in the Prague-East district of 
the Czech Republic and to estimate the effects 
of climate change scenarios on the size of forest 
fires, leading to the development and estimation 
of the burned area size function. function is less 
reliable. However, the four variable functions 
probably explain the development of fires better 
than the version with three variables. 
  The results showed that two of the climatic (air 

temperature and relative 
humidity) and non-climatic 
(attack time) explanatory 
variables investigated 
significantly influenced 
the spread of forest fires.
Based on the output of the 
first model, increased attack 
time and air temperature 
will increase the size of 
fires. If humidity increases, 
however, fires will be 
smaller. The explanatory 
variables all have p-values 
under 1%; the estimated fire 
size function based on these 
three explanatory variables 

can therefore be considered extremely reliable.
 A second, more detailed version of the fire size 
function was also developed, with wind speed 

included as an explanatory 
variable. As expected, 
the estimated effect was 
that fire size is another 
function of increased wind 
speed. The p-value of 
wind speed, however, was 
only 12%. For this reason, 
the second function is less 
reliable. However, the 
four variable functions 
probably explain the 
development of fires 

better than the version with three variables.
 As the results of this study show, climatic variables 
play a key role in fire dynamics in the Prague-East 
district Forest. Numerous studies support our result 
that air temperature affects fires (Koutsias et al. 2012, 
Živanović et al. 2015). As temperature increases, fire 
size increases, consistent with our hypothesis (H1). 
For instance, In China, Tian et al. (2019) likened 
climate change, weather, and burn probability 
during the fire season. Their results show that the 
daily average maximum temperature during the fire 
season increases. Živanović et al. (2020) analyzed the 
effects of air temperature and precipitation on the risk 
of forest fires in Serbia. Their results revealed that air 

Figure 7 Predicted average fire size increase (%) in the Czech Republic by the 
end of the 21st century based on RCP4.5 and RCP8.5 scenarios and the 
empirical model of forest fire size Eq. (10).

Table 4 Effect of attack time on fire size under alternative climate change scenarios. The 
climate scenarios are RCP4.5 and RCP8.5, and the empirical model of forest 
fire size is Eq. (10).

Emission 
scenario Period

Annual air 
temperature 

rise (°C)

Annual 
relative 

humidity  
rise (%)

Predicted average fire size changes (%)
Attack time 
reduction 

(0%)

Attack time 
reduction 

(20%)

Attack time 
reduction 

(40%)
RCP.4.5 2021–2040 0.9 0.4 +3.36 -17.17 -37.88

2041–2060 1.3 0.4 +5.82 -15.20 -36.40
2061–2080 1.8 0.5 +8.44 -13.10 -34.82
2081–2100 2.0 0.5 +9.72 -12.07 -34.05

RCP.8.5 2021–2040 1.0 0.6 +2.93 -17.51 -38.13
2041–2060 1.8 0.5 +8.44 -13.10 -34.82
2061–2080 2.8 0.5 +15.02 -7.83 -30.87
2081–2100 4.1 0 +27.31 -2.01 -23.48
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temperature and precipitation significantly impact 
fire occurrence.
  There are three elements that explain the positive 
relationship between temperature and fire. First, 
there is more evapotranspiration with higher 
temperatures since there is a steep increase in the 
atmosphere's ability to hold moisture with higher 
temperatures (Roulet et al. 1992). Second, increases 
in air temperatures lead to more thunderstorms and 
lightning, causing an increase in ignitions (Price & 
Rind 1994). Third, warmer temperatures can lead to 
longer fire seasons (Westerling et al. 2006).
 The relative humidity is another variable that 
plays a significant role in growing a forest fire size. A 
reduction in relative humidity leads to increasing fire 
sizes. See hypothesis (H2). This has also been noted 
by other authors (Jolly et al. 2015, Konca-Kędzierska 
& Pianko-Kluczyńska 2018, Wu et al. 2018) and 
can be explained by changes in fuel moisture. There 
is a constant interchange of moisture between dead 
forest fuels and the air. Low humidity takes moisture 
from fuels, and the fuels absorb moisture from the 
air in high humidity conditions. Decreases in relative 
humidity make refined fuels dryer, so fires grow 
rapidly (Kane et al. 2018).
 In addition to relative humidity, wind speed is 
another important factor that affects fuel moisture 
conditions. These, subsequently, influence fire 
regimes (e.g., burn severity) (Wastl et al. 2013, Viedma 
et al. 2015). The estimated wind speed parameter did 
not give a p-value of below 5%, which may be due to 
the fact that there have not been many strong winds 
and fires in the region under investigation. In any 
case, since the model supports the hypothesis (H3) 
that fire size increases with increased wind speed, this 
model should also be described in the article.
 Our results concur with results obtained by other 
authors. For instance, Wu et al. (2018) investigated 
the relationship between weather parameters and 
spatial burn severity patterns in Chinese boreal 
forests. The results showed that fire size increases 
in the dryer and less humid conditions with higher 
wind speeds. Cruz et al. (2020) analyzed many fires 
spread rates recorded in conifer forests, eucalypt 
forests, and temperate shrublands to investigate the 
eligibility of a simple rule of thumb, providing an 
initial approximation of the rate of fire spread from 

wind speed alone. This study confirms the effect of 
wind speed on the spread of forest fire.
 A unique aspect of the proposed approach in the 
present study is the estimate of attack time as a non-
climatic variable in the forest fire model. An increase 
in attack time leads to larger forest fires since the fires 
have more time to spread before the firefighters reach 
the fire, as predicted by our hypothesis (H4). This 
is also consistent with Hansen (2003), who stressed 
that fire suppression improves and attack times 
are reduced with higher road density due to greater 
accessibility to the fire. In other words, increasing 
road density leads to reduced fire size (Mohammadi 
et al. 2021b). In this study, theoretical speed was 
used. The actual speed may be less than the estimate. 
Accordingly, the actual attack time could be less 
depending on the vehicle's type, and age and the fire's 
size could be shorter.
 Based on the RCP4.5 and RCP8.5 climate change 
scenarios and the empirical model, the size of forest 
fires is predicted to rise in the Czech Republic by the 
end of the 21st century (H5). Accordingly, the results 
of this study indicate that climate change plays a key 
role in the increasing severity of forest fires. Various 
studies claim that climate change will directly affect 
the increase of fires in the future, which supports our 
results. For instance, Déqué et al. (1998) predicted 
a significant increase in fire potential for Europe, 
enlarged the fire-prone areas, and lengthened the fire 
season, based on climate projections for 2070–2100. 
Flannigan et al. (2005) used historical relationships 
between weather/fire danger and burned areas in 
tandem with two GCMs to estimate future fire size 
in Canada. The results indicate a 74–118% rise in 
burned areas by the end of this century. Westerling 
et al. (2011) modeled fire size using hydroclimate 
and land surface characteristics in a range of future 
climate change and development scenarios in 
California. Their results demonstrate that a rise in fire 
burned zones is likely for most scenarios by the end 
of the 21st century. Karali et al. (2014) used a regional 
climate model based on the Canadian Fire Weather 
Index system in Greece. They also investigated 
the effects of climate change on fire risk for 
2021–2050 and 2071–2100 under the emissions 
scenario. Their results showed that critical fire risk 
is expected by the end of the century. 
 We studied the attack-time change on forest 
fire size under climate change in the future. The 
results showed that if attack time decreases by 
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40%, the size of the fire is significantly reduced. 
Although these climate scenarios are possible, if 
attack times are reduced by improving the road 
network, or other factors such as investment in 
and innovation of aerial and field fire brigade 
equipment, tactics, time, etc., then future fire size 
can be reduced in spite of the effects of climate 
change.

Conclusions

The methodology presented proved appropriate 
for studying how the size of forest fires is affected 
by climatic and non-climatic variables. It was 
demonstrated that the size of the burned area 
depends on various factors, some of which are 
under human control. In addition, the effects of 
climate change scenarios were calculated on 
future forest fires.
 Increases in temperature and wind speed 
and a reduction in humidity can be regarded 
as consequences of global warming. All of 
these changes result in larger forest fires. In this 
sense, this study focused on the effects of global 
warming on forest fires. Based on the climate 
change scenarios, more fires are expected by the 
end of the century. 
 In addition, humans can significantly affect fires 
in many ways. This study shows the importance 
of attack time and its direct effect on the size of 
the burned area. If forest management methods, 
infrastructure, and fire brigades' capacity are 
not adapted to the new climate, larger areas will 
probably be destroyed by fire. 
Forest managers can significantly reduce the 
severity of forest fires by increasing road density 
and reducing attack times. 
 Currently, forest fires in the Czech Republic are 
small compared to those in many other countries. 
However, using the estimate function will be a 
key element for optimizing future forestry and 
fire management studies in the Czech Republic. 
Using local data, the fire size model developed in 
this paper can also be estimated for other countries 
and regions where the fire problems are even 
more severe. The model can therefore be used 
all over the world. A new study focusing on the 
analytical and numerical optimization of forestry, 
infrastructure, and fire management, based on 
general fire size functions of the type estimated in 

this paper, is found in Lohmander (2021b). This 
methodology can determine optimal combinations 
of decisions concerning firefighting capacity, road 
density, and forest management.
 We anticipate that this study, pioneering work 
and the first of its kind to be carried out in the Czech 
Republic, will encourage research on this topic. 
Despite the positive results already obtained, the 
prediction model could be improved by including 
more accurate and updated information, with the 
possible addition of other explanatory variables.
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