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Abstract: We analyzed the spatial distribution and temporal dynamics of 1083 forest fires within the
Ilmensky Reserve (Southern Urals, Russia) over 1948-2014. We observed a significant increase in
the number of forest fires over the studied period, with the locations of the most frequently burned
sections of the reserve changing over time. The average number of fires over the whole period
increased by a factor of 1.9; there were 0.41 fires per compartment per 10 years in 1948-1970, there
were (.58 fires per compartment per 10 years in 1971-1990, and there were 0.77 fires per compartment
per 10 years in 1991-2014. In parallel, the spatial pattern of ignitions became more aggregated. The
fire frequency increased across the reserve, with the most pronounced change being observed along
the reserve borders. Human-related fires dominate the modern fire activity within the Ilmensky
Reserve, which is modulated by the local conditions.

Keywords: wildfires; temporal dynamics; forest fire risks; fire frequency; protected areas

1. Introduction

Forest fires are among the key factors in the distribution and dynamics of the veg-
etation cover of the boreal zone [1-3]. The number of forest fires and the burned forest
area show contrasting temporal trends over the boreal zone of Eurasia [4,5] and North
America [6-8]. Studies reporting an increasing trend in fire activity have associated these
dynamics to human ignitions [9-13] and climate changes [14-20]. The length of the avail-
able records appear to be of critical importance in quantifying the temporal dynamics of fire
activity and their underlying causes. Analyzing sufficiently long data series is necessary
to assess reliably the dynamics of forest fires and their causes. However longer records
such as paleochronological reconstructions [21] suffer from the decline in temporal and
spatial resolution, while those resolved at finer scales, such as remote sensing data [22-25],
are short.

Variability of the spatial pattern of forest fires at the mesoscale (10-100 km?) is poorly
studied in the Eurasian southern boreal forest. Most of the studies in this region have
used Earth remote sensing data to describe the spatial variability of fires at a scale of
thousands of kilometres [13,20,25]. Existing analyses of the fire numbers and areas in
different periods [26,27] lack a spatial component, although a number of studies have
provided detailed fire maps [28-30]. Recently, detailed assessments of the canopy fuel and
forest fire risk for different districts have been obtained using LiDAR techniques [31-33].

Ilmensky State Reserve (ISR) in the Southern Urals features one of the longest records
of the number of fires in Russia. This observational record covers an area of 30 000 hectares
and stretches over 1948 to 2014. Since 1948, the annual number of fires recorded on
its territory has been consistently increasing, with the dynamics being ascribed to the

Forests 2022, 13, 528. https:/ /doi.org/10.3390/£13040528

https://www.mdpi.com/journal/forests


https://doi.org/10.3390/f13040528
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/forests
https://www.mdpi.com
https://doi.org/10.3390/f13040528
https://www.mdpi.com/journal/forests
https://www.mdpi.com/article/10.3390/f13040528?type=check_update&version=1

Forests 2022, 13, 528

20f13

lengthening of the fire season [34]. The weather conditions in the months and seasons
of the year explain only a small fraction (18-23%) in the interannual variability in the
fire number [34]. This result called for a more in-depth analysis of fire activity and a
particular focus on humans as the source of fire ignitions. In this study, we hypothesized
that increasing anthropogenic pressure drove the observed dynamics. We studied the
distribution of fire within the territory of the reserve and tested for the differences in fire
frequencies between the border and the core areas of the reserve. We assumed that the core
areas, being better protected and less visited by the local population, have a lower increase
in the fire occurrence when compared to the areas at the borders of the reserve.

2. Materials and Methods
2.1. The Study Region

The ISR, established in 1920, is among the oldest reserves of the Russian Federation.
The area of the ISR is 30,380 hectares. The reserve is located on the Southern Urals in
the Chelyabinsk Region (Figure 1). The climate is moderately continental, with a mean
temperature of +1.9 °C. The mean temperature in January is —14.5 °C and the mean
temperature in July is +17.9°. The annual precipitation amount is 454 mm.

Moscow
ISR |

Figure 1. Location of the study area: (a) in Russia and (b) in the world.

The ISR is located on the eastern slopes of the Southern Urals. The Ilmensky ridge
stretches along the western part of the reserve. Its maximal elevation is 747 m above sea
level. The mountains have smooth peaks and gentle slopes. The eastern part of the reserve
is occupied by a piedmont depression zone with numerous lake basins.

The prevailing zonal types of soils are gray forest soil and dark gray forest soil (Luvic
Phaeozems and Chernic Phaeozems according WRB-2014).

2.2. The ISR Vegetation Cover

The ISR belongs to the natural ecotone between southern taiga and forest steppes [35].
Forest communities are predominant. Pinetum myrtillosum forests dominate at the slopes
of the Ilmensky ridge and at the piedmonts. On the peaks and southern slopes of the ridge,
Siberian larch (Larix sibirica Lebed.) forests are combined with thickets of the steppe shrubs,
steppe meadows, and steppes. Xeric forests, with Scots pine (Pinus sylvestris L.) and lichen
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(Cladonia spp.) on the forest floor, can be found predominantly on the rock outcrops. In
the foothills there are Scots pine forests with herbaceous cover: Rubus saxatilis L., Fragaria
vesca L., Calamagrostis arundinacea (L.) Roth. Secondary birch forests (Betula pendula Roth.)
are widespread.

The forested area is 25,200 hectares or 83% of the ISR territory. From 1985 to 1999, the
forest area increased by 400 hectares (1.6%) due to the natural afforestation of mountainous
steppe communities and forest areas on the tops of the hills. The forest distribution by
vegetation types is as follows: coniferous (Pinus sylvestris, Larix sibirica)—13,700 hectares;
deciduous (Betula spp., Populus tremula L., Alnus incana (L.) Moench, Al. glutinosa (L.)
Gaertn., Tilia cordata Mill.)—11,300 hectares. The Bonitet distribution is as follows: high-
performance forests—12,500 hectares; moderately productive forests—12,100 hectares. The
distribution of forest stands by age classes is uneven; 85% of the ISR forests comprise
middle-aged and mature trees. The average tree age of the main generation in coniferous
(Pinus sylvestris) forests is 80-180 years; in deciduous (Betula spp., Populus tremula) forests,
it is 50-90 years.

The reserve is located in the industrialized and densely populated area of the Southern
Urals. Along its south-western boundary, stretching over 24 km, the ISR neighbours
the city of Miass, with a population of 181,000 people (1959—99,000; 1973—139,000;
1992—170,000 people). The Trans-Siberian Railway and the Miass-Chelyabinsk public
road pass through the ISR territory in W-E direction. On its south-eastern side, the ISR
borders with the Kisegach Resort, which hosts 52 cottages. Maloe Miassovo Lake makes
the eastern boundary of the ISR. The Chebarkul Fish Factory (Chebarkul, Russia) operating
at this lake regulates the lake water level to support fishery. No large-scale agricultural
production occurs around the ISR.

2.3. Nature Protection Inside the ISR

According to the International Union for the Conservation of Nature (IUCN) classifi-
cation, the ISR protection category is IA, Strict Nature Reserve. All activities disrupting the
natural development of natural processes, threatening the state of natural complexes and
objects, and unrelated to the fulfilment of tasks assigned to the reserve, such as environ-
mental protection and research, are directly prohibited on the ISR territory. Particularly,
wood logging, hunting, staying within the reserve territory with fishing and hunting gear,
and excursions and tourism are prohibited. The buffer zone of the reserve is a 250 m wide
forest area of the Miass forestry along its western boundary. There are 23 ranger districts
organized for the reserve protection with the average district area being 1300 hectares.

The ISR fire protection system includes, among others, educational activities such as
lectures, meetings with the local population, and posting warning boards, as well as fire
preventive activities such as organizing fire breaks, clearing debris, forest litter removal,
and soil ploughing. The fire preventive activities are carried out on the borders of the ISR
and along the coastline of border lakes.

2.4. Fire Data

The fires are an important factor of the ISR forest dynamics. On average, 15-17 forest
fires occur annually within the reserve territory [34]. The fire activity data from the ISR
forests for 10-year periods are available from 1890 and monthly summaries are available
since 1948. They are systematized for the ISR based on the “Fire Records’ Book”. Entries
in the book are made based on direct field observations of researchers and employees
of the reserve. The book contains data on fire size, type of fire, and its duration. The
data used in this study were the number of fires per compartment per year, available
in the monthly-resolved dataset. The dataset includes the observation results for each
of the 273 compartments over 67 years, from 1948 to 2014. We divided the observation
period into three periods, with their length being approximately 20 years: 1948-1970,
1971-1990, and 1991-2014. The first period was based on the fact that in 1966, the schedule
of work of the population changed: the working week had become 5 days with two days
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off. The second period ends in 1990, because in 1991, the USSR collapsed. This was
accompanied by economic changes, new laws, and regulations, including those regarding
the activities of protected areas. For each period, we calculated the average number of fires
per compartment over a 10 year period.

2.5. Spatial and Statistical Analysis

For the purpose of spatial analysis, all compartments (n = 273) were combined into
three spatial zones: (1) the compartments near the reserve boundaries were designated
as “boundary”, n = 99; (2) the compartments of the second layer, bordering with the
compartments adjacent to the boundaries, and the compartments near the lake shores were
designated as “buffer”, n = 99; (3) the internal compartments were designated as “core”,
n =75 (Figure 2).
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Figure 2. The spatial distribution of the zones of the Ilmensky Reserve.



Forests 2022, 13, 528

50f13

Analysis of the spatial patterns of forest fires and data visualization were performed
using the ArcMap (ESRI Inc., Redlands, CA, USA) and QGIS (https://qgis.org/en/site/,
accessed on 31 November 2021) geographic information systems. Information from open
sources was also used. OpenStreetMap geoinformation layers in the form of shape files
containing data on the location of hydrological network objects and settlements were
obtained from the gis-lab.info website.

We used non-parametric x? tests to compare the frequency distributions of the number
of forest fires in the compartments and spatial zones. We used the Kruskal-Wallis H test
for comparing non-normal distribution quantitative data. The x? and H calculations were
performed using the STATISTICA 8.0 software (StatSoft Inc., Tulsa, OK, USA, 1984-2007).
When calculating the x? values, marginal frequencies below five were completed to five.
The Poisson distribution used to test the assumptions whether the distribution of fires
were random or not. The negative binomial distribution was used to test the assumptions
whether the distribution of fires are contagious or not. The frequencies of the inverse
binomial distribution were calculated in accordance with the manual [36]. We compared
the spatial distribution of fires over periods via correlations between the number of fires
at each compartment in the first (1948-1970), second (1971-1990), and third (1991-2014)
periods. In this case, the average number of fires per 10 years, per compartment in each of
the three time periods, was used as the initial data. We calculated the spatial correlation
using ArcMap Spatial Analyst extension (ESRI Inc., Redlands, CA, USA).

3. Results
3.1. Spatial Pattern of Fires during 1948-2014

Over 67 years, 1083 forest fires were registered in 221 out of 273 ISR compartments. The
minimum number of fires in one compartment was zero, the maximum was fifty-eight, and
the median was two. The average number of fires per compartment for whole observation
period was 3.97, with a variance of 38.19.

The distribution of fires within the ISR territory was aggregated. The compartments
that burned the most often were in the ISR southern part and at the reserve boundaries
(Figure 3).

A non-random occurrence of fires was confirmed by analyzing the frequency distribu-
tion of the number of fires within forest compartments (Figures 3 and 4). The empirical
distribution of the number of fires in the compartments differed significantly from the
Poisson distribution: Xz =43.80, dF =2, p < 0.0001. However, the empirical distribution did
not differ significantly from the inverse binomial distribution used to describe contagiously
distributed objects: x? = 5.58, dF = 4, p = 0.2324. We suggest the presence of compartments
and groups of closely located compartments that burned significantly more frequently than
the whole reserve territory on average.

3.2. Spatial Fire Distribution in 1948-1970, 1971-1990, and 1991-2014

Fire occurrence in IST increased over time (Table 1). The total and average numbers
of fires per compartment in 1991-2014 were almost twice the values for 1948-1970. In all
periods, the fire distribution within the territory was uneven (Figure 5). The distribution of
the numbers of fires in compartments was consistently significantly different from the Pois-
son distribution and insignificantly from the inverse binomial distribution. Consequently,
ISR compartments with high fire occurrence were clustered for all periods. The frequently
burned compartments were confined to the ISR southern part, as well as to the lake shores
and reserve boundaries.
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Figure 3. The spatial distribution of the total number of fires recorded in the compartments of the
IImensky Reserve in 1948-2014.

From 1948-1970 to 1991-2014, the heterogeneity of the forest fire distribution within
the ISR territory increased. This was evidenced by (1) a more than three-fold increase in
the dispersion/mean ratio for the number of fires per compartment; (2) a larger departure
of the observed distribution from the one expected under the Poisson process (Figure 5).
The fire occurrence within the ISR territory changed over time. Formally, this can be
illustrated by analyzing the similarity of spatial distributions. The spatial correlation
coefficient between the fire distributions in the first (1948-1970) and second (1971-1990)
periods was rgpatial = 0.42, while between the fire distributions in the second (1971-1990)
and third (1991-2014) periods, rspatial = 0.40. However, between the fire distributions in
the first (1948-1970) and third (1991-2014) periods, the similarity was noticeably lower:
Tspatial = 0.25. We observed the same pattern in the rank correlation between the number
of fires in 273 compartments among three periods. Between the first and second periods,
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’Spearman = 0-43; p < 0.0001; between the second and the third, 7spearman = 0.62; p < 0.0001;
between the first and the third, rspearman = 0.24; p < 0.0001.
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Figure 4. The approximations of the distribution of the number of fires in the compartments of the
Ilmensky Reserve (gray bars) by the Poisson distribution (dashed line) and the Inverse Binomial
distribution (solid line).

Table 1. The distribution parameters for the number of fires in the compartments of the Ilmensky
Reserve in 1948-1970, 1971-1990, and 1991-2014.

Years
Parameter
1948-1970 1971-1990 1991-2014

Number of years 23 20 24
The sum of fires for the period 261 316 506
The number of fires per
compartment per 10 years:
Minimal 0.00 0.00 0.00
Maximal 4.80 7.00 17.50
Median 0.00 0.00 0.40
Mean 0.41 0.58 0.77
Dispersion 0.47 0.86 2.98
The correspondence of the
distribution of the fire frequencies
per compartment to the distributions
of (in all cases dF = 5):
Poisson 347.39 337.24 449.64

<0.0001 <0.0001 <0.0001
Inverse Binomial 3.94 7.64 4.59

0.5586 0.1774 0.4674




Forests 2022, 13, 528 80of 13

Legend:

=== railway
number of fires per 10 years
[ o0.00

[J 0.01-1.00
[ 1.01-3.00
Il 3.01-7.00
Il >7.00

[ lakes

Figure 5. The spatial distribution of the number of fires per compartment per 10 years in (a) 1948-1970,
(b) 1971-1990, and (c) 1991-2014.

From 1948-1970 to 1991-2014, the number of fires in a stretch of reserve territory
encompassing three to four compartments along the ISR southern boundary greatly de-
creased. The number of fires in most western compartments of the southern part of the
ISR increased near the city of Miass. These compartments were burning noticeably in
all periods, including in 1948-1990. However, in 1991-2014, five-seven compartments
bordering with Miass merged into a single compact cluster with a particularly large fire
frequency (up to 28—42 fires per compartment for 24 years). In addition to the border zone,
the number of fires increased along the shores of the Bolshoye Miassovo (the middle part
of the ISR) and Bolshoy Ishkul (the northern part of the ISR) lakes.

3.3. Distribution of Fires within the Reserve

The distribution of forest fires on the territory of ISR over the different periods is
shown in Figure 5. Fires were recorded more frequently on the peripheral parts of the ISR
and less often in its interior parts (Table 2). During the first two periods, the number of
forest fires in the different zones did not differ (Table 2; in 1948-1970, H(y n = 273) = 1.60;
p = 0.4492; in 1971-1990, H (o N = 273) = 0.08; p = 0.9593). The lack of differences is explained
by the high variability in the number of fires in each zone.

Table 2. The number of fires per compartment and decade in different zones of the Ilmensky Reserve
in 1948-1970, 1971-1990, and 1991-2014 *.

Years
Spatial Zones
1948-1970 1971-1990 1991-2014
Boundary 0.46 (0.00-0.40) 0.74 (0.00-1.00) 1.33 (0.00-1.70)
Buffer 0.37 (0.00-0.40) 0.49 (0.00-0.50) 0.56 (0.00-0.80)
Core 0.38 (0.00-0.40) 0.48 (0.00-1.00) 0.31 (0.00-0.40)

* arithmetic mean with interquartile range given in parentheses.
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However, in 1991-2014, the fires were significantly more frequent near the reserve
borders when compared to the buffer and the core compartments (H - 273) = 26.68;
p <0.0001). Over time, the difference between the number of fires in the reserve core and
boundary compartments increased. From 1948 to 1990, the average number of fires per
border compartment was 1.2-1.5 times higher than in the core, and in 1991-2014, this
contrast increased by the factor of four.

The overall increase in the number of fires in the ISR in 1999-2014 when compared to
the previous periods was primarily due to an increase in the number of fires in the border
compartments. Near the ISR borders, we observed a consistent increase in the number of
fires from 1948-1970 to 1991-2014 (H o N = 297) = 10.69; p = 0.0048). The number of fires in
the buffer compartments did not differ among the periods (H,x = 297) = 3.13; p = 0.2090).
In the core compartments, the largest number of fires was in 1971-1990 when compared to
the first and the third periods (H(2,y = 225) = 10.51; p = 0.0052). The pairwise comparison of
the number of fires in the internal compartments in 1948-1970 and 1991-2014 revelated no
differences in the number of fires (Hy n - 150) = 1.49; p = 0.2228).

3.4. The Distribution of Fire-Affected Compartments

We analyzed the changes in the number of compartments featuring different “burning
modes” between 1948-1970 and 1990-2014. For this, for each of the 273 compartments, one
of four burning modes was determined: (1) compartments in which no fires occurred for
the whole time; (2) compartments in which the number of fires increased from 1948-1970
to 1971-1990 and from 1971-1990 to 1991-2014; (3) compartments in which the num-
ber of fires decreased from 1948-1970 to 1971-1990 and from 1971-1990 to 1991-2014;
(4) compartments in which the number of fires from showed the opposite trends over the
three studied periods.

In most compartments, the number of fires did not show a consistent trend (Table 3).
The number of ISR compartments with an increasing number of fires was 2.6 times higher
than the number of compartments exhibiting a decreasing trend. Many compartments
with an increasing number of fires (18) were on the ISR boundaries, while the seven
compartments with a declining number of fires were confined to the reserve core. The
proportions of compartments with different burning modes at the ISR boundary and in the
core were significantly different: x> = 8.43; dF = 3; p = 0.0379.

Table 3. Compartment shares (percentages) with different burning modes in different spatial zones
of the IImensky Reserve *.

Compartment Burning Mode

Total
Spatial Zones Compartment No Fires The Number of Fires The Number of Fires T;;:eflll)l?;go(:f
Number Has Increased has Decreased . .
Vary Directionally
Boundar 99 18.2 18.2 2.0 61.6
y (11.7-27.0) (11.7-27.0) (0.1-7.5) (51.8-70.6)
17.2 12.1 4.0 66.7
Buffer 9 (10.9-25.9) (6.9-20.2) (1.3-10.3) (56.9-75.2)
Core 75 22.7 53 9.3 62.7
(14.6-33.4) (1.7-13.3) (4.3-18.3) (51.3-72.8)
All 273 19.1 12.5 4.7 63.7
compartments (14.8-24.1) (9.0-16.9) (2.7-8.1) (57.9-69.2)

* adjusted Wald confidence intervals are given in parentheses.
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4. Discussion

Our results are founded on the uniquely long series of direct fire records in Russia.
The ISR is one of the oldest nature reserves in Russia. This made it possible to reconstruct in
detail the distribution of fires over 67 years on a spatial scale of approximately 1 x 1 km. Fire
datasets similar in spatial resolution and duration were analyzed for Spain—1890-2013 [37]
and 1974-2015 [38]; Italy—1961-2017 [39]; Canada—1916-1998 [40]; China—1966-2005 [14].

The general increase in the number of fires in the ISR over the last 60-70 years was
accompanied by a change in the localization of fires (Figure 5). The temporal changes
in the spatial distribution of fires resulted in (1) an increase in the heterogeneity of the
fire distribution and (2) an increase in the fire occurrence at the peripheral sections of the
reserve. Our results are consistent with the conception that the spatial distribution of fires
usually changes with time [9,37-40]. However, an increase in the number of fires by present
times in other regions is not always observed. The number of fires has been decreasing
from the past to the present [38,39]. In some works [9,37], changes across historical periods
are not unidirectional.

The temporal dynamics of the number of fires is known for some of the Ural reserves:
Pechoro-Ilychsky [28,29,41]; Visimsky [42]; Denezhkin Kamen [30]. The impact of avail-
ability territory and terrain characteristics on the location of burnt areas was investigated
for the Pechora-Ilych Reserve [29,41]. Studies in the reserves dominated by coniferous
vegetation in the north of the Urals show that they rarely burn. When fires do occur, these
are often crown fires that develop under extreme drought, covering the areas hundreds
and thousands of hectares. The ISR pine forests burn more often, although the fires usually
spread over a small area. Earlier, we studied some features of post-fire successions in the
ISR [43]. The ground fires predominate. They usually spread over a small area and do
not become catastrophically stand-replacing. At the burnt areas, a thin layer of shrubs
consists of Chamaecytisus ruthenicus (Fisch. ex Woloszcz.) Klaskova, Rubus idaeus L., and
Sorbus aucuparia L. The herbaceous layer is fragmented, and its cover is 15-30%. The dif-
ferences in fire type are also determined by the fact that the ISR is located in a densely
populated area, while the reserves in the north of the Urals are difficult to access.

We showed a strong non-stationarity in the spatial pattern of fire occurrence during
the 67 years of observations. At least one cluster of steadily burning compartments near the
Trans-Siberian Railway has disappeared over the study period. Until 1961, the locomotives
were steam engines, while after 1961, they started to use electric engines. This satisfactorily
explains the reduction in the number of fires that often arose from sparks flying out of steam
locomotive furnaces. After 1970, three previously non-existent clusters of regularly burning
compartments have appeared. These dynamics might be related to land use changes in the
region. The time periods in our work are chosen taking into account the changes in public
life in our country. So, in 1966, the schedule of work and rest of the population changed.
Until 1966, the working week in the country was 6 days with one day off. Since 1967, the
working week has become 5 days with two days off. At the end of the first period, there
was a change in the habits of people associated with recreation. The second period ended
in 1990, because in 1991, the country underwent political changes. The USSR collapsed.
This was accompanied by economic changes, new laws and regulations, and changes in
people’s lifestyles. Our data show that the changes in the 1990s were accompanied by a
noticeable impact on the number and spatial distribution of forest fires in the ISR. This is in
good agreement with the fact that, in order to understand changes in the forests state, it is
important to take into account the history of land use [38,40,44,45].

It is important to note that the territory of the ISR has always been and remains
completely closed to visitors for recreation, excursions, fishing, hunting, etc. Only its
forest-guards and scientists have the right to be present on the territory of the reserve. The
current ISR protection regime allows the penetration of violators of the reserve regime that
results in a high number of the ignitions. Poachers, prospectors, and tourists violating the
borders and illegally entering the reserve contribute to fire ignitions. Our results support
other studies, where dynamics of human-related ignitions have been suggested as the
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main factor behind the increasing number of fires in other forest regions [10,11,46-49]. Our
results support this view, as most of the ISR fires were confined to the areas the most easily
accessible to people in the reserve, such as the reserve boundaries and lake shores. The
forest guards of ISR are well-informed about the frequent occurrence of fires in proximity
of reserve borders.

The increase in the recorded number of fires over time may be partly a consequence of
improving the system for detecting and registering fires in the ISR. The trend of changes in
the spatial pattern of the fire distribution is more difficult to associate with the change in
the efficiency of the fire detection system.

Previously, we [50] presented an analysis of the distribution of forest fires in one of
the parts of the ISR, depending on some natural and anthropogenic factors. It has been
established that, along with the forest type and its burning index class, the accessibility
of the territory, expressed by proximity to the boundaries of the reserve, is a significant
cause of forest fires. Considering the factors that likely affected the fire dynamics in the
ISR between 1948 and 2014, we note the following. It is more difficult to imagine how
relief, which remains unchanged, can determine the change in the forest fire susceptibility
over time. The species composition, as well as the age and structure of forest stands, could
change dramatically during 60-70 years. This could be the reason for the change in the
forest fire susceptibility. Verifying the explanatory power of these hypotheses should be
the subject of future studies.

5. Conclusions

The forest areas of ISR with regularly occurring fires show an aggregated distribution.
The spatial pattern of the ISR forest fire frequency has changed dramatically from 1948
to 2014. Particularly, over the past 60-70 years, especially from the late 1980s to now,
the heterogeneity of the fire distribution has increased. The increase in the total number
of forest fires in the ISR is primarily due to the increase in the forest fire occurrences at
the reserve boundary. The heterogeneity of changes in the fire frequency of the different
parts of the reserve confirms the absence of an unambiguous climatic or weather effect on
dynamics of forest fires [34].

A search for answers to new questions is required to reasonably discuss the reasons
for the established temporal dynamics of the ISR forest fire frequency. The results obtained
led to several verifiable hypotheses about the causes of increased forest fire frequency.
These hypotheses are associated with the need to compare the relative importance of
natural (topography, properties of forest stands, plant communities, and ecosystems) and
anthropogenic causes of forest fires. Understanding the causes of pyrogenic dynamics is
necessary for sustainable forest management and forest resource conservation.

The strong association of forest fires to the border compartments suggested that
forests frequency to fire increases with human-driven fragmentation of the forest cover.
Our results show the value of considering the spatial patterns of fire occurrence to fire
management. In particular, identification of the most fire-prone sectors of the reserve
should allow better allocation of available responses to support both preventive and active
fire suppression activities.
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