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Abstract: Preservation and increase of forest area are necessary conditions for the biosphere functioning. Forest
ecosystems in most parts of the world are affected by fires. According to the latest data, the forest fire situation
has become complicated in Ukraine, and this issue requires ongoing investigation.The aim of the study was to
analyse the dynamics of wildfires in Ukrainian forests over recent decades and to assess the complex indicator
of wildfire occurrence in various forest management zones and administrative regions.The average annual
complex indicator of fire occurrence, in terms of wildfire number and burned area, was studied in detail in the
forests of various administrative regions and forestr management zones in Ukraine from 1998 to 2017. The
results shows that fire occurrence in both the number and area of fires can vary significantly in various forest
management zones. There is a very noticeable difference in these indicators in some administrative regions
within a particular forest management zone. The data show that the number of forest fires depends not only on
the natural and climatic conditions of such regions but also on anthropogenic factors.

Keywords: fire tendencies; natural fire danger; administrative region; forest management zone; relative fire
occurrence

1. Introduction

Most regions of the world are constantly affected by forest fires. A significant part of them is large fires,
which lead to devastating consequences [1]. Forest fire issues remain quite acute for many countries, especially
in the context of global warming [2]. For example, up to 130 thousand forest fires were registered in the United
States annually in the 2000s, and total burned area was up to 3 million hectares [3]. From 10 to 40 thousand
wildfires occurred on average each year in the Russian Federation, with a total burned area of 120 million hectares
[4]. Berween 2000 and 2007, 156 and 210 thousand fires were recorded in Portugal and Spain respectively [5].
During the same period, more than 30,000 forest fires were recorded in Ukraine, and 34 thousand hectares of
forests were damaged by the fire [6, 7].

According to many researchers [8, 9, 10, 11], the main cause of forest fires is a human impact.

2. Materials and Methods

To achieve the goal of the study, data were collected from various sources on forest fires in Ukraine from
1998 to 2017 [12, 13, 14, 15]. This takes into account the fact that forest fire databases cover the forests of the entire
forest fund of Ukraine with the area of 10.4 million hectares as well as a part of the territory making 7.6 million
hectares of forests or 73% that are forests being in constant use of state forestry enterprises subordinated to the
State Forest Resources Agency of Ukraine (SFRAU) [12, 13, 14].

Changes in the average annual fire number and burned area were analysed between 1998 and 2017. We
applied the method of mathematical and statistical analysis using computer application programs. According to
the methodology of Soyuzdiprolishosp [16], the actual average annual forest fire occurrence by the number and
area of fires per 1 thousand hectares of the total area was determined for different forest management zones and
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administrative regions in Ukraine during 2007-2017. The boundaries of forest management zones are confined to
the borders of administrative regions [17].

3. Results and Discussion.

Comparison of the numbers and areas of fires in Ukrainian forests showed significant fluctuations for these
indicators for the 20 years from1998 to 2017. The number of fires in Ukraine in some years ranged from 1,113 to
7,036, while it was from 806 to 5,264 incidents in the forests managed by the State Forest Resources Agency of
Ukraine. The difference was even greater for the area damaged by the fires. The wildfire area was in the range of
0.4-16.6 thousand ha for all forests of Ukraine and in the range of 0.2-13.8 thousand ha in the forests of the State
Forest Resources Agency of Ukraine. Therefore, the maximum annual number of fires exceeds the minimum one
by seven times, and the maximum burned area is almost 70 times the minimum one.

The fires in the forests managed by the State Forest Resources Agency of Ukraine made from 58% to 90% by
number and from 18% to 94% by area from the total wildfires in Ukraine over the years (Figure 1).
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Figure 1. Fire dynamics in all Ukrainian forests and those managed by the State Forest Resources Agency of Ukraine
(SFRAU) during 1998-2017.

Very high wildfire numbers in 2002, 2007, and 2009 significantly exceeded the average annual value of the
entire period. The largest exceedances of the average annual area were recorded in 2007, 2014, and 2015. Thus,
the maxima in the fire number and burned area in some years may not coincide. Such a negative fire situation,
especially regarding the burned area, has been significantly deteriorated due to the increase fires in Donetsk and
Luhansk Regions since 2014. Comparison of average annual data for 10-year periods showed that in recent years
the average annual burned area has increased from 4.4 thousand hectares (1998-2007) to 5.9 thousand hectares
(2008-2017) in all Ukrainian forests and from 3.6 thousand hectares to 3.7 thousand hectares in the forests
managed by the State Forest Resources Agency of Ukraine. However, the average annual number of fires
decreased from 4,379 to 3,032 in all Ukrainian forests and from 3,621 to 2,190 in the forests managed by the State
Forest Resources Agency of Ukraine.

An essential part of the analysis of the fire situation in all Ukrainian forests is to determine the spatial trends
of fires in different forest management zones and administrative regions during 2007-2017 (Table 1, Figure 2).
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Table 1. Average annual wildfire occurrence in forest management zones in Ukrainian forest fund from 2007 to
2017.

Actual fire occurrence
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Frest management zone o (go) res rea(h:)me by fire number per 1,000 by burned area (ha) per 1,000
ha ha
Forest 764 1952 179 4.7
Forest-Steppe Right- 207 17 154 10
Bank
Forest-Steppe Left-Bank 459 439 438 4.6
North-Steppe 929 2211 1009 27.2
South-Steppe 300 1385 718 36.9
Carpathian 8 16 6 0.1
2000 140
1800
120
1600
1400 100
1200 go £
£ 1000 g
S 800 60 =
z =
600 40

g
£
\

200
0 0
- s - > w >|le = = > & = 5 = x s - X 2 o c m
£ 2z 325 £ 52 838 £ FEEf 58 EEE F L2 £ £ Regions
S 7 # E > £ € £ & £ & 8 £ 2 = £ B 5 B § ® =
= = [ = ] c @ H =] £ g =] = =] 5 2 o 2 s =
H £ £ - 5§ § £ & ¥ 4 & g8 3 =2 = ¥ 8 I
5 - g S ) ® = = 5 5
2 £ H N = g 2
ES 5 I
Forest Forest-Steppe Right-Bank = Forest-Steppe North-Steppe South-Steppe Carpathian pgrest
Left-Bank management
== Number of fires (No/ 1000 ha) ——Area burned (ha/1000 ha) zones

Figure 2. Average annual wildfire occurrence by fire number and burned area in all forests of Ukrainian regions
from 2007 to 2017.

The largest average number of fires — 929 incidents per year — was recorded in the North-Steppe forest
management zone, while in the Forest zone, the number was 764. The average number of fires per year was 460
in the Forest-Steppe Left-Bank forest management zone, 300 in the South-Steppe zone, 207.4 in the Forest-Steppe
Right-Bank zone, and 7.7 in the Carpathian forest management zone. The order relative to the average annual
area of forests damaged by fire was somewhat different. The highest value was recorded in the North-Steppe
forest management zone — 2.2 thousand hectares per year, and further in descending order: Forest zone — 1.9
thousand hectares per year, South-Steppe zone — 1.4 thousand hectares per year, Forest-Steppe Left-Bank forest
management zone — 0.4 thousand hectares per year, Forest-Steppe Right-Bank forest management zone — 0.1
thousand hectares per year, and Carpathian forest management zone — only 0.02 thousand hectares per year.

The actual fire occurrence, i. e. the relative number and burned area of wildfires per 1,000 ha of forest area,
was also analysed. The actual fire occurrence in terms of fire number varied considerably from six incidents per
1000 ha (Carpathian forest management zone) to 1,009 incidents per 1000 ha (North-Steppe forest management
zone). The indicator was very high in the South-Steppe forest management zone: 718 fires per 1000 hectares. For
other zones, the average values ranged from 154 to 438 fires per 1000 hectares.

For the Carpathians, the minimum actual occurrence was recorded also in terms of area (0.1 ha per 1000 ha).
However, the maximum value (36.9 ha per 1000 ha) was registered in the South-Steppe forest management zone.
Very high value, 27.2 hectares per 1000 hectares, was recorded in the North-Steppe zone. In all other forest
management zones, the indicator was several times lower, ranging between 1 and 5 hectares per 1000 hectares.
Therefore, the differences in wildfire number and burned area per 1000 hectares can reach dozens of times for the
Steppe zone, which has the driest natural conditions, and some other natural zones.

The distribution of precipitation within Ukraine shows a change from excessive moisture in the north and
northwest to a moisture deficit in the south and southeast [18]. The average temperature, for example, in July in
Polissya (forest zone in Ukraine) is from + 15 to + 19°C, while in Forest-Steppe it ranges from +18 to + 22°C. In



Environ. Sci. Proc. 2020, 1, FOR PEER REVIEW 4

Steppe, the average temperature of the month varies from +20 to + 24°C from west to east. The number of days
with temperatures above 15°C is also increasing from the Forest to the Steppe zone. If in the Forest zone (Polissya)
the number of those days per year is 95-110, then in the Forest-Steppe Left-Bank zone it is 110-130, and in the
South-Steppe zone, 125-145 [19].

Zonal features of forest fire occurrence depend not only on the climatic conditions of natural zones but also
on anthropogenic factors [8, 9, 10, 11]. We analysed fire occurrence in specific administrative regions with similar
climatic conditions within various Ukrainian forest management zones. The results showed that fire hazard could
be several tens of times higher in densely populated regions than in other neighboring areas. For example, the
fire occurrence in the Forest zone (Figure 2) was the highest in the Kyiv Region, both by number and burned area.
There is such a big metropolis as the capital with a population of 2.9 million in the region. In the Forest-Steppe
Left-Bank zone, the highest rates were recorded in the Kharkiv Region with Kharkiv, the large metropolis of 1.4
million inhabitants. In the Steppe zone, where most regions are also densely populated, fire occurrence indicators
in terms of both number and area are the most critical due to particularly arid climatic conditions.

4. Conclusions

The number and area of wildfires in the Ukrainian forests can vary considerably from year to year and far
exceed the average annual values of the entire long-term period.

The actual fire occurrence varies significantly in the fire number and burned area per 1,000 hectares across
forest management zones of Ukraine. This difference is especially noticeable between the forest management
zones of the Steppe, which is the driest zone of Ukraine, and all other natural zones. Forest management zones
can be arranged from the maximum to the minimum value of the actual wildfire occurrence by the number in the
following order: North-Steppe, Forest, Forest-Steppe Left-Bank, South-Steppe, Forest-Steppe Right-Bank, and
Carpathian. There is a slightly different order for wildfire occurrence by burned area: North-Steppe, South-
Steppe, Forest-Steppe Left-Bank, Forest-Steppe Right-Bank, and Carpathian.

There is a great difference in actual fire occurrence between some administrative regions within the same
forest management zone.

The fire occurrence may vary significantly in the administrative regions of some forest management zones
due to both natural conditions and anthropogenic specificities. For example, in the Forest and Forest-Steppe forest
management zones, the highest rates are characteristic of the most densely populated areas in Kyiv and Kharkiv
Regions.
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