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Received: 16.12.2019 Abstract. The consequences of peat fires are complete or partial loss of soil fertility over a
Received in revised form: 09.01.2020 considerable area of land, decrease in biodiversity, razing of unique landscapes, deteriora-
Accepted: 10.03.2020 tion of the conditions for life and health of the population, disturbed carbon cycle, increase

in the greenhouse gas emissions, intensification of climate change, etc. Climatic tendencies
of recent years will further contribute to increase in peat fires and their negative aftermaths. Therefore, prevention of peat fires and
recultivation of burned-out peatlands are extremely important nature-protective measures. The objectives of the article was evalua-
tion of current condition of burned peatlands of Volyn Oblast, their territorial distribution, dynamics according to years, analysis of
potential threats for ecological safety and development of recommendations for prevention of peat fires and overcoming the negative
consequences. During the study we used: methods of collecting material, methods of statistical analysis of results, cartographic meth-
ods, methods of expert assessment. We determined that the problem of peat fires and burned peatlands is extremely relevant for Volyn
Oblast, requiring development of a complex of measures to solve it. As of 2002, the area of burned peatlands in the Oblast accounted
for 440 ha. For the period of 2002-14, a total of 803 ha of burned peatlands was recorded across Volyn Oblast. In 2015-19, their area
increased by another 280 ha. The largest areas of burned peatlands were found in Kamin-Kashyrskyi (137.9 ha), Liubeshiv (26.72 ha),
Manevychi (20.35 ha) districts. We determined the tendency towards increase in the number of fires and areas of burned peatlands start-
ing from 2018. To prevent peat fires, two-sided (wetting and drying) regulation of water regime within reclamation systems, alkaliniza-
tion of peat soils, increase in their fertility, sanding-up of dried peat soils are proposed. Also, important measures include monitoring of
burned peatlands and prevention of wildfires. In order to further use, rehabilitate and recultivate burned peatlands, it is suggested to t
inventorise burned peatlands, assess economic and ecological damages, develop a plan of further use of territories, determine priorities
of development and propose corresponding economic and nature-protection measures.
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Amnoranisi. Hacinkamu TopdoBHX IOKEIK € TOBHA UM YaCTKOBA BTPATa POAIOYOCTI 3HAUYHUX IUIOI 3eMETIb, 3HIKEHHS 010pI3HOMAHITT,
3HUIICHHS YHIKaJBHHUX JIAHAMA(TIB, TMOTIPIICHHS YMOB JKUTTS Ta 3A0POB’S HACEICHHS, MOPYIICHHS UKy KapOOHY, 301TbIICHHS
emicii MapHUKOBHX Ta3iB, MOCUICHHS 3MiH KJIiMary Tomo. KimiMaTndHi TeHAEHII OCTaHHIX POKIB CIPUATHMYTH 1 Hagami 301IbIICHHIO
KUIBKOCTI TOP(OBUX MOXKEK Ta iX HEraTMBHUX HACHiAKiB. ToMmy momepemkeHHs TOPPOBHX MOXKEK Ta 3MEHIICHHS X HEraTHMBHHX
HaCJIJKIB y MaiflOyTHBOMY, @ TAKOXK TTOJaJIble BAKOPUCTAHHS, BITHOBICHHS Ta PEKY/IbTHBALliS BUTOPLUTUX TOP(OBHUILL € HAA3BUYANHO
BKJIMBHMH IIPHPOIOOXOPOHHUMH 3aX0/laMU. MeTOI0 CTaTTi € OLIHKA Cy4acHOTO CTaHy BHUTOPIIHX Topdosuil Bommucbkoi obnacri,
IX TEPUTOPIATBHOTO PO3IOALTY, TMHAMIKHM 332 pOKaMU, aHai3 MOTCHIIHAX 3arpo3 sl eKOJIOTIYHOI Oe3MeKn Ta po3poOKka peKOMEH-
Jamiid UIs nonepeKeHHS BUHUKHEHHA TOP(OBHUX MOXKEXK Ta MOAONAHHS IX HEraTHBHMX HacmifkiB. [1ig wac mocmiKeHHs 3aCTOCO-
BaHO: METOAM 300py MarepiajiiB, METOIU CTaTHCTHYHOI 0OpOOKM pe3yibTariB, KapTorpad)idHi METOIU, METO EKCIEPTHHX OLIHOK.
BcranosieHo, 1o npodiema TOpGoBHX MOXKEK Ta BUTOPLINX TOpoBHIL [Uisi BomuHCbKOi 001aCTi € Iy)e aKkTyaJbHOIO i BUMarae
PO3pOOKH KOMILIEKCY 3axouiB [uis 1i BupimenHs. CraHoM Ha nodatok 2002 p. B obGnacri mromia Buropiinx tropdosuin cranosmia 440
ra. 3a mepiox 2002-14 p.p. y BomuHcbkilt obmacti 3adikcoBano 803 ra suropinux topdosunt. Y 2015-19 p.p. ix mioma 36i16mmu-
nmack me Ha 280 ra. 3’sicoBaHo, 10 HaWOUIbII Tomi Buropimux topdosuny y Kamine-Kammpeskomy (137,9 ra), JlroGemiBcbkomy
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(26,72 ra), Manesuipkomy (20,35 ra) paiioHax. BusiBieHO TEHICHIIIO 0 30UIbIICHHS KUTBKOCTI MOXEX Ta IUIOINI BHTOPIBIIMX
top¢osuiy nounHatoun 3 2018 p. Jyis monepepKeHHsT TOPGOBUX MOXKEK 3aMPONOHOBAHO 3JiIFICHIOBATU JBOCTOPOHHE PETyITIOBaHHS
BOJIHOTO PEKMMY B MEXKaX MeJIOPaTHBHUX CHCTEM, 3aJTy’KEHHSI TOPGOBUX IPYHTIB, MiIBUIICHHS IX POIIOYOCTI, MCKyBaHHS OCYLICHUX
TOpQOBUX IPyHTIB. TakoX IyKe BAKIMBUMHU 3aXOJaMH € MOHITOPHHI BUTOPUTNX TOP(OBUI Ta MPO(ITaKTHKAa BUHUKHEHHS TTOKEK
B IIPUPOJIHUX CUCTEMAX. 3 METOIO MOJAJIBIION0 BUKOPUCTAHHS, BIJHOBIICHHS Ta PEKYJIbTHBALLT BUTOPIINX TOP(OBHILL 3aIIPOIIOHOBAHO
CBOEYACHO MPOBECTH IHBEHTAPH3ALI0 BUTOPUINX TOP(HOBUIL, OIIHUTH EKOHOMIYHI Ta eKOJOTi4HI 30MTKH, pO3pOOUTH IUIaH MOAANb-
100 BUKOPHUCTAHHS TEPUTOPIi, BUSHAYUTH NMPIOPUTETH PO3BUTKY Ta 3alPOIIOHYBATH BIAIOBIZHI TOCHONAPCHKI Ta IPHPOJOOXOPOHHI

3aXO0/IH.

Kniouosi cnosa: sueopini mopgosuwa, mopghosi nodxicedici, Hacrioku mopghosux nodxicesic, OUHAMIKA MoppOosUx nodicedic, 3axo0u
SMEHUIeHHS He2AMUBHUX HACTIOKIE MOPHOBUX NONCENHC, PEKYIbMUBAYIs 6UL0OPIIUX MOPPOSULY

Introduction. Natural peat ecosystems are important
components of the landscape of particular territories.
They perform various ecological functions. For ex-
ample, peatlands accumulate products of photosyn-
thesis and the process of peat formation is going on
continuously. Peat is a valuable raw material for many
fields of the economy, and also local renewable en-
ergy. Also, bogs and peatlands play an important role
in accumulation of compounds of atmospheric carbon
(Diggelen, 2018). In natural conditions, bogs absorb
more of it than they emit into the atmosphere. Peat-
lands are exceptionally important for the formation of
the hydrological regime of territories and are a natural
filter of water. Furthermore, deposits of peat are often
located in lands covered with forests, are a part of the
territories and objects of nature-reserve fund, wetlands
of international significance, places which maintain
biodiversity. Peatlands have also great botanical-geo-
graphical importance. Peat fires lead to burning-out of
deep layer of peat, degradation of soils, razing of veg-
etation and organisms which inhabit the soil, sinking
of the surface and change in relief, emission of large
amounts of pollutants into the atmosphere, including
greenhouse gases. From the perspective of ecology,
burning of peatlands as a result of fires could be con-
sidered as a local ecological crisis.

Causes of peat fires are decrease in the levels of
ground water in polder systems and separation of the
capillary layer from peat deposits (Zajdelman, 2011).
As a result of anthropogenic interference, peatlands,
being especially valuable lands, have lost their
natural resistance and became extremely vulnerable
to natural and anthropogenic factors. Fires in soil
massifs occur when groundwaters are located at the
depth of 0.8-0.9 m and lower. Spread of fires is also
driven by traditional annual burning of dry tree stands
in pastures, stubble in tilled lands, domestic wastes in
households of the local population. This degradational
process continues to spread also due to inappropriate
exploitation of the polder system and cessation of
reconstruction of drying systems. The reasons for
peat fires may also be tourists and local population
due to carelessness in lighting fires. Recently, another
factor which adds to the danger of fire danger has
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been actively increasing — climate change. Over
the last several years (2015-19), many temperature
records have been broken , there has been a decrease
in the amount of precipitations, change in patterns of
precipitations from steady downpour rainfall to heavy
rains. This underlies the worsening of the territorial
water balance, drying up of wells, etc. Decrease in the
level of groundwater causes change in the base levels
of erosion, significantly intensifying erosion of the
lands (water and wind erosion). Lowland peatlands,
due to decrease in moisture, generate large amounts
of heat, causing ignition. Recently, problems of peat
fires for some districts of Volyn Oblast have become
catastrophic in extent.

At the same time, the Oblast has no effective
regional program of measures against peat fires and
overcoming their negative ecological consequences.
No monitoring of the condition of burned peatlands
is conducted. Obviously, the problem of peat fires and
their ecological consequences should not be ignored.
It is necessary to study the current condition of
burned peatlands, analyze the dynamics of peat fires,
their reasons and consequences, assess the threats
to ecological safety of local communities, develop
directions and measures for reducing negative effects
of peat fires. This is what makes the article relevant.
Review of previous research. There are many sci-
entific studies of peatland fires and burned peatlands.
This problem is being actively described in the works
of European scientists. The most thoroughly studied
situation is the distribution and preservation of wet-
lands in Europe (Diggelen, 2018). Also, detailed stud-
ies were undertaken on peatland fires and their conse-
quences in Ireland (Stracher et al., 2019), South-East
Asia (Taylor, 2010), Africa (Barbosaetal., 1999),
Central Kalimantan (Indonesia) (Hosciloet al., 2011),
Klias Peninsula (Malaysia) (Phua et al., 2007).

Noteworthy are generalizing reviews of influ-
ence of fires on global ecosystemic patterns and
processes, distribution and structure of vegetation,
cycle of carbon and climate (Bowman et al., 2009).
Scientists pay much attention to the peculiarities and
patterns of carbon emission during peat and forest-
fires. Among the researches in this direction, we
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should note the study on carbon emission as a result
of fires in tropical and subtropical ecosystems (van
der Werfet al., 2003), carbon balance in the North-
American swamps (Bridgham et al., 2003), global
assessments of pyrogenic emissions during various
types of fires in natural ecosystems (Andreaeetal.,
2001), assessments of impact of fires in forest and
peat massifs on atmospheric pollution, condition of
the environment and climate (Langmann etal., 2009).
Interesting are also the researches where authors try
to evaluate the potential vulnerability of peatlands to
ignitions. Such studies were conducted for province
of Alberta (Canada) and measured the differences in
waterproof and hydrophysical capabilities of burned
and unburned organic soils (Elmes et al., 2019). For
Canada, an attempt was also made to quantitatively
assess the changes in the main aspects of migration
of nutrients in the system soil-plant-water during first
years after fires (van Beest et al., 2019) and assess the
sensitivity of peatlands to climate warming (Tarnocai,
2006). This researcher determined that around 60%
of the total area of Canadian peatlands and 51% of
mass of organic carbon in all Canadian peatlands, as
expected, will be heavily or severely affected by cli-
mate change.

In Russia, scientists also pay great attention to
the issues of pyrogenic degradation of peat soils and
recultivation of burned peatlands (Zajdelman et al.,
2002, 2006, 2011), and change in the chemical prop-
erties of dried peatlands under the influence of fire
factor (Badmazhapova et al., 2014). Scientific re-
searches in this field are being also conducted in Be-
larus (Tanovickaja et al., 2009).

In Ukraine, studies on the consequences of peat
fires and pyrogenic peatlands are being conducted by
scientists in the Institute for Soil Science and Agro-
chemistry Research named after O.N. Sokolovsky
(Truskaveckij et al., 2010) within Polesia Minor —
Ivan Franco National University of Lviv (Gaskevich
etal., 2008). Among important results of the studies of
burned peatlands, we should note also the assessment
of dynamics of migrational capability of some heavy
metals in soils of Kharkiv Region under the effect of
the pyrogenic factor (Butsetal., 2019). This problem
in Volyn Oblast was studied by specialists of Volyn
Oblast State Projective-Technological Center of Pro-
tection of Fertility of Soils and Quality of Production
(Zinchuk et al., 2007). Also, the Polesia Research Sta-
tion of the Institute for Soil Science and Agrochemis-
try Research named after O.N. Sokolovsky developed
recommendations for cultivation and agricultural use
of peatlands damaged by fires (Shevchuk etal., 2006).
A system of measures has been suggested for pro-

tection of peat soils against pyrogenic degradation
(Polianskyi, 2006).

The purpose of the article. The objective of the ar-
ticle was assessing the current condition of burned
peatlands of Volyn Oblast, their territorial division,
dynamics according to years, analysis of potential
threats to ecological safety and development of rec-
ommendations for prevention of ignition of peat fires
and overcoming their negative effects.

Material and methods of research. For the article
we used the materials of the Polesia Research Station
of the Institute for Soil Science and Agrochemistry
Research named after O.N. Sokolovsky, Volyn Oblast
State Projective-Technological Center of Protection
of Fertility of Soils and Quality of Production, Man-
agement of the State Emergency Service in Volyn
Oblast, and also the materials of our own researches.
During the studies we used a broad range of methods
of scientific research: methods of colleting materials
(work with fund materials, reconnaissance, expedi-
tion method), methods of statistical analyses of the
results, cartographic methods (development of ana-
lytical maps, work with electronic cartographic ser-
vices), method of expert assessments (to develop rec-
ommendations for prevention of peat fires).

Results and their analysis. According to the analysis
of the extent of research made regarding pyrogenic
degradation of landscapes in Volyn Oblast, 3 periods
may be distinguished:

- until 2004. — soil surveys of the issue were un-
dertaken, and a state program of monitoring of de-
graded (including pyrogenic) soils was made;

-2005-2014 — absence of surveys, occasional sci-
entific publications (Zinchuk et al., 2007);

- 2015-19 — absence of surveys, extents of py-
rogenic degradation were assessed according to the
materials of the Center of State Emergency Service in
Volyn Oblast (statistics of recorded fires in peat mas-
sifs).

Over the period of 2002-14, in Volyn Oblast,
over 803 ha of burned peatlands were recorded (Ta-
ble 1, Fig. 1, 2). Until 2003, in the territory of the
Oblast, there were already over 440 ha of such lands.
The largest areas were in Kamin-Kashyrskyi district
(200 ha), Kovelskyi (181 ha), Ratnivskyi (51.8 ha),
Starovyzhivskyi (5 ha), Kivertsivskyi (3 ha). In 2003
the largest area of pyrogenic formations was observed
in Ratnivskyi district (20 ha), and in 2004 — Shatskyi
(102 ha), Liubeshivskyi (30.5 ha), Kamin-Kashyrskyi
districts (12 ha).

In 2005-14 the area of pyrogenic formations
continued to increase. According to expert assess-
ments the increment accounted for 197 ha. Detailed
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Table 1. The area of burned peatlands in the Volyn region in 2015-19.*

District /Years 2015 2016 2017 2018 2019 * 2015-19
Area, Number | Area, | Number | Area, | Number | Area, | Number | Area, | Number | Area, | Number
ha of fires ha of fires ha of fires ha of fires ha of fires ha of fires
Starovyzhivskyi 6.55 7 23 3 1 1 335 4 6.5 2 19.7 17
Manevytskyi 1.36 5 9.14 12 8.25 6 1.6 5 20.35 28
Kamin-Kashyrskyi | 127.6 17 1.39 3 0.5 1 3.6 6 4.8 4 137.9 31
Liubeshivskyi 11.4 10 6.08 7 3.34 10 59 8 26.72 35
Liubomlskyi 3.88 6 0.61 3 1.7 3 0.55 3 6.74 15
Shatskyi 6.06 9 0.94 2 3.9 5 1 1 11.9 17
Ratnivskyi 1.64 7 0.5 1 0.4 2 1.22 5 6.95 3 10.71 18
Turiiskyi 1.1 4 1.25 3 235 7
Lokachynskyi 1 1 0.5 1 0.05 1 1.55 3
Horokhivskyi 0.06 1 0.5 1 0.35 1 0.91 3
Rozhyshchenskyi 5 2 9.5 4 1.72 4 16.22 10
Kivertsivskyi 0.5 1 1.4 3 1.3 3 3.2 7
xgﬁﬁﬁr 2.6 4 1.62 4 25 2 2.95 4 967 | 14
Kovelskyi 5.5 2 4.55 6 2.5 2 0.92 2 12.47 12
Lutskyi 0.01 1 0.01 1
Ivanychivskyi 0.03 1 0.03 1
igigrvler the Volyn | 7, 5 77 39.06 51 44 6 | 3253 53 317 | 32 [ 2804 219

* _ Asof 1/12/19

studies of pyrogenic soils at that time were not being
conducted due to absence of financing. The greatest
increment of the areas of burned peatlands occurred
in Kamin-Kashyrskyi (110 ha), Ratnivskyi (25 ha),
Starovyzhivskyi (17 ha), Shatskyi (16 ra), Kovelskyi
(12 ha), Liubeshivskyi (8 ha), Kivertsivskyi (5 ha),
Liubomlskyi districts (4 ha). As for late 2014, the
largest areas were characteristic (Fig. 1.) for Kamin-
Kashyrskyi (322 ha), Kovelskyi (193 ha), Shatskyi
(118 ha), Ratnivskyi (96.8 ha), Liubeshivskyi (38.5
ha) districts.

In 2015 (Fig. 3, 4), the largest areas of peat
massifs affected by fires were recorded in Kamin-
Kashyrskyi district (127.61 ha). Out of these areas,
over 100 ha were burned out during one of the peat
fires (19.08.2015) near villages Vyderta and Voro-
komle. The second largest area of burned peatlands
was in Liubeshivskyi district (11.4 ha), third and
fourth — Starovyzhivskyi (6.55 ha) and Shatskyi (6.04
ha), fifth — Kovelskyi (5.5 ha). In other districts of the
Oblast the areas accounted for less than 5 ha.

These numbers correlate with the quantity of fires
recorded by the Center of State Emergency Service of
Ukraine in Volyn Oblast, the correlation coefficient
equaled 0.78. Therefore, in 2015, 17 fires were record-
ed in Kamin-Kashyrskyi district, 10 in Liubeshivskyi
district, 9 in Shatskyi, and 7 in each Ratnivskyi and
Starovyzhivskyi districts. In all other regions 1-5 fires
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were recorded. Only in Ivanychivskyi district were no
fires recorded .

In 2016, largest areas of peat massifs affected by
fire were recorded in Rozhyshchenskyi (9.5 ha) and
Manevytskyi districts (9.14 ha), and also Liubeshivskyi
districts (6.08 ha). In all other districts the areas of
burned peatlands during the year increased less than
by 5 ha. The highest number of fires was also recorded
in Manevytskyi (12), Liubeshivskyi (7), Kovelskyi
(6), Rozhyshchenskyi and Volodymyr-Volynskyi dis-
tricts (4 in each). In other districts less than 3 fires oc-
curred. In Lutskyi and Turiiskyi districts no fires were
recorded. Correlation coefficient between the area of
burned peatlands and the number of fires was 0.79.

Compared with the previous year the number of
fires also decreased, equaling 51 compared with 77
and the area of burned peatlands was 39 ha compared
with 174 ha (74 ha not taking into account the largest
fire in the peat massif between villages Vyderta and
Vorokomle of Kamin-Kashyrskyi district).

In 2017, the lowest number of fires for the re-
cent years was recorded — only 6 and the area of
burned peatlands was 4.4 ha. The main reasons are
likely to be the climatic peculiarities of the year (re-
garding distribution of air temperature and amount of
precipitations), but the issue requires further study.
Two fires were recorded in Ratnivskyi (0.4 ha) and
Volodymyr-Volynskyi (2.5 ha) districts, one in each
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Fig. 1. Area of burned peatlands according to administrative districts of Volyn Oblast in 2002-14.

Starovyzhivskyi (1ha) and Kamin-Kashyrskyi
(0.5ha). Correlation coefficient between the area of
burned peatlands and the number of fires was also low
—0.42, which is atypical compared with other years.

In 2018 the situation with fires in peat massifs
was exacerbated again compared with 2017, almost
hitting the indicators of 2016. A total of 32.53 ha of
peatlands burned out. Therefore, in particular, the
largest areas of burned peatlands were in Manevytskyi
(8.25 ha), Starovyzhivskyi (3.35 ha), Liubeshivskyi
(3.34 ha), Kamin-Kashyrskyi (3.6 ha), Shatskyi (3.9
ha) districts. In other districts the parameter equaled
less than 2 ha.

The total number of fires in peat massifs in 2018
in the territory of Volyn Oblast was 53 (almost the

same as in 2016). Highest number of fires was record-
ed in Liubeshivskyi (10), Manevytskyi and Kamin-
Kashyrskyi (6 in each), Shatskyi and Ratnivskyi dis-
tricts (5 in each). In Lutskyi, Volodymyr-Volynskyi
and Ivanychivskyi districts no fires were recorded.
Correlation coefficient between the area of burned-out
area of peatlands and amount of fires equaled 0.58.

In 2019, 32 fires were recorded, covering the area
of 31.17 ha. In fact these indicators compared with
2016 and 2018 are much higher than in 2017. The
most damaged were Liubeshivskyi (8 fires, 5.9 ha),
Kamin-Kashyrskyi (4 fires, 4.8 ha), Starovyzhivskyi
(2 fires, 6.5 ha), Ratnivskyi (3 fires, 6.95 ha),
Volodymyr-Volynskyi (3 fires, 2.95 ha), Manevytskyi
(5 fires, 1.6 ha) districts.
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Fig. 2 Dynamics of area of burned peatlands in Volyn Oblast for 2015-19.

Summing up the consequences of fires in peat mas-
sifs, it should be noted that the processes of pyrogene-
sis cause destruction in the structure of soil column and
properties in peat soils. Over 2015-19, the Center of
State Emergency Service of Ukraine in Volyn Oblast
recorded 219 cases of ignition in peat massifs. A total
of 280.43 ha burned out. The largest areas of burned
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Interesting is the comparison of the situation with
burned peatlands in 2014 and 2019 (Fig. 1, 4). The larg-
est area of burned peatlands in 2019, similarly to 2014,
was in Kamin-Kashyrskyi district. This was predict-
ed. As of 2002, their area equaled 200 ha, increment
for 2003-14 accounted for 122 ha, while for 2015-19
— 174.9 ha. The most problematic area is located be-
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Fig. 3. Dynamics of number of peat fires recorded by the State Emergency Service in Volyn Oblast

peatlands (Fig. 5) was seen in Kamin-Kashyrskyi,
measuring 137.9 ha (49.17% of the indicator for the
entire oblast), Liubeshivskyi — 26.72 ha (9.53%),
Manevytskyi — 20.35 ha (7,26%), Rozhyshchenskyi
— 16,22 ha (5.78%), Starovyzhivskyi — 19.7 ha (7%),
Kovelskyi — 12.47 ha (4.45%), Shatskyi — 11.9 ha
(4.24%), Volodymyr-Volynskyi — 9.67 ha (3.45%),
Liubomlskyi — 6.74 ha (2.4%), Ratnivskyi districts
—10.71 ha (3.82%), in other districts — less than 1%
(Fig.5).

A somewhat different statistical distribution of
recorded fires for his period was found in the peat-
lands in Kamin-Kashyrskyi district, accounting for
16%, Liubeshivskyi — 14%, Manevytskyi — 13%,
Starovyzhivskyi, Shatskyi, Ratnivskyi —8% for
each, Liubomlskyi — 7%, Volodymyr-Volynskyi —
6%, Rozhyshchenskyi and Kovelskyi —5% for each.
Three districts (Kamin-Kashyrskyi, Liubeshivskyi,
Manevytskyi) comprise 43% of all the fires.
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tween villages Vyderta and Vorokomle, where fires
flare up regularly, and burned-out areas sometimes
exceed 100 ha (Fig. 6). The category of districts with
the largest areas of burned peats in 2014 also included
Kovelskyi (193 ha) and Shatskyi (118 ha). As of 2019
the situation in these districts slightly improved. They
were identified to the third group according to scales
of pyrogenic degradation (within 10-20 ha). There-
fore, during 2015-19, 12.47 ha of peat burned out in
Kovelskyi district, and 11.9 in Shatskyi district.

The area of burned peatlands also decreased
in that period in Ratnivskyi district (from 96.8 ha
to 10.71 ha), Liubeshivskyi (38.5 ha to 26.72 ha),
Starovyzhivskyi (22 ha to 19.7 ha), Kivertsivskyi (8
ha to 3.2 ha). Instead, the burned area increased in
Liubomlskyi district (5 ha to 6.74 ha).

Moreover, in 2015-19, peatland fires were re-
corded in the districts where they had not occurred
before, for example, in Manevytskyi district (20.35
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Fig. 4. Area of burned peatlands according to administrative districts of Volyn Oblast in 2015-19.

ha), Turiiskyi (2.35 ha), Lokachynskyi (1.55 ha),
Rozhyshchenskyi (16.22 ha), Volodymyr-Volynskyi
(9.67 ha). Therefore, currently, cases of burning-out
of peatlands were recorded not only in the districts
where they were usually recorded (so-called north-
Polesia districts — Kamin-Kashyrskyi, Ratnivskyi,
Liubeshivskyi, Shatskyi), but also increased in
the so-called south-Poleisia districts (Turiiskyi,
Lokachynskyi, = Rozhyshchenskyi, Liubomlskyi,
Volodymyr-Volynskyi, Manevytskyi, Kivertsivskyi)
and were even recorded in administrative districts
of the subzone of broad-leaved forests — Lutskyi
(0.01ha), Horokhivskyi (0.91 ha), Ivanychivskyi
(0.03 ha).

Specialists of the Center of State Emergency Ser-
vice of Ukraine and scientists assess the tendencies of
the dynamics of peat fires pessimistically. The main
reason of fires is burning of dry tree stands in pastures
and of hayfields against the background of decrease in
the level of groundwater and the dry climate of recent
years. In mass media and social media, an active cam-
paign for combating burning of dry grass and leaves
has been started, but it has not proved sufficiently ef-
fective so far.

Therefore, we can ascertain the fact that burn-
ing peat massifs is becoming a significant ecological
problem, jeopardizing not only the agroecological
condition of soils, but also the safety of life of the
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Fig. 5. Shares of the areas of burned peatlands according to administrative districts of Volyn Oblast (in %) for 2015-19.

population. Pyrogenic formations occupy large areas,
adversely affect the conditions of agricultural activ-
ity, sometimes threatening the territories and objects
of the nature reserve fund. The main threats posed by
peat fires are:

- Decrease in fertility of soils and exclusion of
land from agricultural use;

- Decrease in biodiversity and degradation of
landscapes;

- Spread of soke over large territories, pollution
of atmospheric air with poisonous substances

Decrease in the health of the population;

- Pollution of surface waters;

- Disturbance of the carbon cycle and increase in
the emission of greenhouse gases.

Loss of soils as a result of peat fires in Volyn
Oblast has already been evaluated above. It has to be
noted that those soils are being destroyed which were
used in agriculture. Soils are not only a necessary
condition for agriculture for the local population, but
a material resource of development and capabilities of
local communities. This question becomes especially
important due to decentralization.

The fall in biodiversity due to peat fires takes
place specifically in these districts of Volyn Oblast
which have highest nature reserve coefficients in the
territories. Therefore, for example, Kamin-Kashyr-
skyi— 7%, Liubeshivskyi—27.7%, Ratnivskyi—7.9%,
Shatskyi — 66.7%, Liubomlskyi — 4%, Manevytskyi —
6.4%, Starovyzhivskyi— 6%. Peat fires can spread also
within the objects and territories of the nature-reserve
fund. Moreover, the Polesia latitudinal ecological cor-
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ridor of national importance with centers and nodes
of an ecological network of international, national
and regional importance is located in these territories.
There are also wetlands of international significance
from the list “Ramsar Convention on Wetlands of In-
ternational Importance especially as Waterfowl Habi-
tat”: Shatskyi Lakes, Floodplain of the Prypiat River,
Floodplain of the River Stohid, Cheremsky Wetlands
Complex in the territories of the Emerald Network,
the number of which accounts for 13, most of them
located in the northern Polesia districts of the Oblast.

We have not studied specifically the pollution of
the atmospheric air with poisonous substances in the
context of peatland fires. But as is known from the
scientific publications (Gennadiev et al., 2013), dur-
ing smoldering of peat in the conditions of insufficient
oxygen, there accumulates benzo[a]pyrene — danger-
ous substance present in the associations of polycy-
clic aroma hydrocarbons, which has carcinogenic ef-
fect. According to the materials (Zajdelman, 2011),
during the intense peat fires, in the central region of
the Russian Federation in 2010, the mortality of the
population increased by 1.5-2 times. That is, peat fires
in the recent years have also become a significant fac-
tor of increase in ecological danger.

In the global balance of greenhouse gases, wet-
lands and peatlands are natural accumulators of car-
bon which reduce the content of carbon dioxide and
emission of emission of greenhouse gases. In the
swamped lands and peatlands dried for agricultural
use or extraction of peat, the emission of greenhouse
gases is much higher than in territories preserved in
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Fig. 6. Burned peatland (Svydnyky village of Kovelskyi district) according to the materials (Zinchuk, 2019)

the natural condition or dried out and ferruginized
(Crill et al., 2000). Thus, for example, wetlands and
peatlands in natural condition absorb 856 kg/ha of
CO, per year, dried out and salinised wetlands and
peatlands — 515 kg/ha of CO, per year, and dried out
wetlands and peatlands used in intense agricultural
production by contrast produce 1,300-31,000 kg/ha
of CO, per year. During the peat extraction, emission
accounts for 10,600 kg/ha of CO, per year. Burned
peatlands do not perform this important ecological
function.

Therefore, the development of a complex of mea-
sures to prevent peat fires and overcoming their nega-
tive impacts is extremely important. These measures
should ensure the execution of 2 important tasks:

- pevention of peat fires and reduction of negative
effects in the future;

- further use, rehabilitation and recultivation of
burned peatlands, re-naturalization of peatlands to
natural wetland ecosystems.

Prevention of peat fires requires the following
measures:

- two-sided (wetting and drying) regulation of
water regime within reclamation systems;

- priority of using peatland soils for grasslands;

- increase in the fertility of dried-out soils by
introduction of organic and mineral fertilizers, bio-
preparations;

- sanding-up of dried peat soils (Zajdelman,
2011);

- monitoring of burned peatlands;

- prevention of ignitions in natural ecosystems.

Two-sided (wetting and drying) regulation of wa-
ter regime within reclamation systems not always is
ecasily performed due to the fact that many of these
systems were not projected for two-sided regula-
tion. Some were developed considering only fall of
excess of groundwaters. Currently, even systems of
two-sided regulation are not always in good exploi-
tation condition, therefore could not be effectively
operated. Out of 346.7 thou ha of lands of reclama-
tion fund of Volyn Oblast, the two-sided regulation
of water regime is used only in 157.7 thou ha, while
in 47.8 thou ha the polder systems are constructed.
According to the data of inventory checking of recla-
mation systems of Volyn Oblast, there are 37 thou ha
of lands in which the water regime is not regulated at
all due to unsatisfactory technical condition of hydro-
technical constructions and pump stations (Lishchuk,
2014). Problem of regulation of water regime within
separate non-working reclamation systems developed
only considering that the one-sided water discharge
could have been solved by waterlogging a part of
the reclamation system which is not being used. This
would allow increasing the level of groundwaters and
biological productivity of phytocenoses, therefore re-
ducing the level of danger of ignition.

The priority of using peat soils for grasslands is
due to the fact that currently most of the dried peatlands
are used in agriculture. They are intensively being ex-
hausted, their surface is open to ignition and farming
contributes to decomposition of organic mass of peat
and emission of CO,,. Instead, using dried peatlands as
grasslands and meadow-pasture lands, planting peren-
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nial plants on them would contribute to decrease in
the tempi of decomposition of peat by 2-3 times, de-
crease in deflation, danger of ignition, and also would
provide conditions necessary for the development of
effective animal husbandry (Zajdelman, 2011).

Increase in fertility of dried soils by introduction
of organic and mineral fertilizers, biopreparations,
and in the acidic peat soils — also liming, would in-
crease the resistance of soils to fires, contribute to
structuring and reduce deflation.

Sanding-up of dried peat soils. Experience of de-
veloped European countries indicates that there the
number of peat fires and their negative impacts on na-
ture are much lower than in Ukraine. This is due to the
high culture of farming, use of polder systems with
two-sided regulation of water regime, restoration us-
ing perennial herbs, and also use of mixed, covering
or mixed-layer-by-layer sanding-up. Such approach
allows one to a great extent of completely exclude the
possibility of surficial ignition of dried peatlands (Za-
jdelman, 2011).

Monitoring of burned peatlands and areas of high
risk of possible peat fires is also an effective measure
for prevention of peatland fires. As indicated by the
analysis of materials of the State Emergency Ser-
vice concerning the localization of peat fires during
2015-19, they are repeated practically every year in
the same massifs. For example, within Vorokomliv
and Vydert village councils, the largest peatland fire
in Volyn Oblast occurred on 9.08.2015. Also ignitions
of peat within or near this peatland were recorded on
25.03.2015, 10.05.2015, and 2.05.2019. Similar ex-
amples could be provided for other places of ignitions.
Therefore, it is important to conduct inventory check-
ing of burned peatlands, distinguish areas with high
possibility of peatland fires and perform their constant
agroecological and reclamation monitoring. Organiz-
ing of monitoring needs a developed and properly
funded program of monitoring peatlands. Sources of
financing should comprise regional and local funds of
nature protection.

Prevention of fires includes constant informa-
tional work of subdepartments of the State Emer-
gency Service with population, village councils and
united territorial communities aimed at preventing
ignitions in natural systems and following the rules
of fire safety. Especially important is abandoning the
practices of burning leaves in autumn and dry grass
in meadows in spring. Also important is timely lig-
uidation of non-sanctioned landfills, burning rubbish,
which is often the cause of fires.

To perform the second important task — the fol-
lowing use, renewal and rehabilitation of already
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burned peatlands, realization of a complex of mea-
sures must be provided depending on the extent of
pyrogenic degradation of peatlands and priority of
the direction in the nature protection sphere. For ex-
ample, most often two approaches are considered to
solve this task (Zajdelman, 2011): extensive and in-
tensive approaches. The first consists of use of the ter-
ritories occupied by pyrogenic formations with close
embedding of groundwaters for creating farms of
breeding waterfowl, ponds for fishery, lands for rec-
reational hunting or fishing, and also for plantations
of energetic willows or other undemanding quickly
growing energetic crops. The intensive approach is
creating new mineral fertile soils in the places of py-
rogenic formations. On pyrogenic formations, in the
column of which the peat has completely burned out,
deep recultivation should be performed. At the same
time, recultivation of pyrogenic formations, forma-
tion of fertile horizons and return of such massifs into
agrarian production is associated with such problems
as absence of experience of such work; low fertility of
formations; waterlogging of the territory (Shevchuk
et al., 2005).

Choice of particular measures should include
inventory checking of burned-out peatlands,
assessment of economic and ecological damage,
development of a plan of further use of the territories,
determining priorities of development and measures
for realization of determining priorities. Within Volyn
Oblast, centers of burning out of peatland usually
occupy not especially large areas (up to several ha).
Therefore, fires were more or less quickly liquidated.
Cases of complete burning out of peat down to parent
rock are not frequent. It is expedient to exclude the
burned-out peat lands from agricultural processing,
separate areas allocated to the elements of the regional
and local econetwork, buffer zone of nature-protected
objects, perform restoration with grasses, water-
supply development (if the condition of drying system
allows it) Another effective way could be the use of
pyrogenic formations for creating plantations for
growing cranberries with prior artificial waterlogging
of the territories, and also blueberries.

Conclusions. Therefore, problem of peat fires
and burned out peatlands in Volyn Oblast is extremely
relevant and requires a complex of measures to solve
it. As of early 2002, the area of burned peatlands in
the Oblast accounted for 440 ha. For the period of
2002-14, over 803 ha of burned peatlands were re-
corded across Volyn Oblast,. In 2015-19 their area in-
creased by 280 ha more. The largest areas of burned
peatlands were in Kamin-Kashyrskyi district — 137.9
ha, Liubeshivskyi — 26.72 ha, Manevytskyi — 20.35
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ha, Rozhyshchenskyi — 16.22 ha, Starovyzhivskyi —
19.7 ha, Kovelskyi — 12.47 ha, Shatskyi — 11.9 ha,
Ratnivskyi — 10.71 ha.

The climatic tendencies of the recent years
indicate an increase in the number of peat fires and
their negative effects, including: decrease in soil
fertility, decrease in biodiversity, degradation of
landscapes, deterioration of the health condition of the
population, changes in the carbon cycle and increase
in the emission of greenhouse gases. Therefore, it is
necessary to prevent fires and decrease their negative
consequences in the future, and also to ensure further
use, restoration and recultivation of burned peatlands.

Prevention of peat fires requires a two-sided
water regime within reclamation systems, restoration
with grasses of peat soils, increasing their fertility,
sanding-up of dried peat soils. Also, important
measures include monitoring of burned peatlands and
prevention of ignitions in natural systems.

To further use, restore and recultivate burned
peatlands, it is important to perform in good time
inventory checking of burned peatlands, assess
economic and ecological damages, develop a plan
of further use of the territory, determine priorities of
development and propose corresponding economic
and nature-protection measures.
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