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Abstract

It has been estimated that over 80% of forest areas in Poland is
threatened with fire. Due to the number of fires and burned area, Poland is
counted to the group of European countries where fires break out the most
frequently. On average, each year and mostly because of human activity,
almost 8.5 thousand fires break out resulting in over 7 thousand ha of
burned forest area. Many scientists forecast that the climate warming, de-
cline in precipitation amount and prolonging rainless periods will enhance
fire risk in forests, which will translate itself not only into an increase in
the number of fires, but also will favour their intensive spreading. The aim
of presented paper is estimating the operational efficiency of the fire pro-
tection system in Polish forests and the effectiveness of fire extinguishing
actions in forests, but also recognition of the effect of the forest area man-
agement type on fire statistics. Following data series were investigated:
of the number of fires, the burned forest arca and average fire area for the
years 1990-2016 for the forests under the management of the State Forests
National Forest Holding (State Forests NFH) and other managements. De-
termined trends were analysed by means of Mann-Kendall non-parametric
test. A mean area of forest fire was assumed as the main measure of forest
fire protection system effectiveness. The area was compared with the other
European countries, Canada and the USA. Despite a lack of a tendency
for decreasing number of fires in Poland, which is noted in Europe, taking
into account a low value and a statistically significant downward trend for
average fire area, forest protection and the effectiveness of extinguish-
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ing actions in Polish forests should be regarded as very good. The excep-
tion are forests remaining beyond the management of the State Forests
NFH, where the upward trend for the number of forest fires is alarming.

Keywords: forest fires, forest fire risk, forest fire protection, forest fire
security, the State Forests National Forest Holding

INTRODUCTION

In Poland forests cover 9215 thousand ha (29.5%). Public forests prevail
in the ownership structure (80.8%), including: forests under the management
of the State Forests National Forest Holding (SF NFH) — 77.0%, national parks
— 2%, municipalities ownership — 0.9% and other public property — 0.9%. The
other forests are private property — 19.2% (Raport... 2016). Currently, forest
areas occur mainly on the terrains with poorest soils, which is reflected in the ar-
rangement of forest habitat types with dominant coniferous habitats (51%). The
prevailing species is pine occupying 58.1% of the forest area of all ownership
forms (Raport... 2016).

Forest fires usually cause highly negative changes in forest ecosystems,
affecting many plant (Brown and Smith 2000) and animal groups (Smith et al.
2000, Butenko et al. 2000), at the same time deteriorating life quality of com-
munities (Szczygiet 2012, Wiler 2016a). Fires also cause measurable economic
losses (Piwnicki et al. 2005, Szczygiet et al. 2007). The negative outcomes of
fires are mostly not without the effect on the atmospheric air (Sandberg et al.
2002). It is considered that recognizing the amount of gases and aerosols released
with fires is a most urgent and important matter due to a major participation of
these substances in the intensification of the greenhouse effect (Trofimova and
Suchinin 2005).

It has been estimated that in Poland over 80% of forest areas is threatened
with fires, in Europe over 60% and about 40% in the world (Zarzycki 2012).
Considering the number of forest fires and burned forest area, Poland, Spain and
Portugal are classified to the group of European countries where fires break out
the most frequently (Kwiatkowski and Szczygiet 2013). Each year, on average
close to 8.5 thousand fires break out in result of which over 7 thousand hectares
of forest area is burned. In the vast majority of cases human activity is the main
cause of fire.

Moreover, because of climate warming, decrease in precipitation and pro-
longing of rainless periods, it has been forecasted that fire risk in forests will be
increasing in the future (inter alia Szczygiet et al. 2007, Grajewski 2010, Was
and Grajewski 2011, Miiller et al. 2015), which will affect not only the increase
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in the number of fires, but will also favour their intensive spreading, i.e. large-
scale fires formation (Goldammer and Nikolov 2009, Spracklen et al. 2009).

Therefore the causes of fire risk in forests are environmental and forest
conditions, meteorological conditions changing in time and space, as well as
human activity (Kwiatkowski and Szczygiet 2013). Efficient system of fire pro-
tection in forest should take into account these elements. Its basis is an analysis
of potential and dynamic forest hazards. The result of potential hazard assess-
ment is fundamental for the activities involved in forest areas preparation in case
of fire, whereas the estimation of dynamic threat (daily forecasts considering
current meteorological conditions) is the basis for undertaking the day-to-day ac-
tivities by a given forest area administrator (Kwiatkowski and Szczygiet 2013).

Fire security of forests in Poland is adjusted to the categories and degrees
of forest fire risk (Obwieszczenie... 2006, Rozporzadzenie... 2006, Haze 2012).
A forest fire danger category comprises forests with a similar level of suscep-
tibility to fire, determined on the basis of the frequency of fire occurrence, cli-
matic and tree stands conditions (the age, forest habitat type, tree species) and
anthropogenic factors. A forest fire danger category is determined for each forest
division in the forest management plans. There are three categories of forest
fire danger:

I — high danger,

II — moderate danger,

III — low danger.

The forest fire risk is the level of probability of fire occurrence on a given
day, depending on the dynamic weather changes and the forest floor moisture.
Four degrees of forest fire risk have been adopted:

0. fire risk — no danger,

1. fire risk — low danger,

2. fire risk — moderate danger,

3. fire risk — high danger.

The degree of forest fire risk is determined twice daily at 9.00 and 13.00
for designated diagnostic zones covering the whole country area. For the forests
classified to category I1I of forest fire risk, determination of fire risk is not required.

The owners, managers or users of the forests which independently or
jointly form a forest complex with the total area of over 300 ha are obliged to
(Rozporzadzenie... 2006, 2010):

1. organize observation and patrolling of forests in order to detect fires

and alarm about their outbreak,

2. ensure and maintain water sources for fire-fighting purposes,

3. maintain roads, so called fire access roads marked in the forest man-

agement plan,
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4.

mark the water intake points using signs in compliance with Polish
Standards concerning safety symbols,

furnish and maintain bases of equipment for forest fire-fighting in the
appointed places in agreement with the county (city) commandants of
the State Fire Service appropriate for a given location,

coordinate forest management plans, simplified forest management
plan and national park protection plan concerning the fire protection
with the voivodship commandant of the State Fire Service appropriate
for the locality, for the forests with fire risk categories I and II.

Organization of the fire protection system in the State Forests is regulated
by the Forest fire protection instruction, latest version of which was implement-
ed by the regulation of the General Director of the State Forests on 1 January
2012 (Haze 2012). The functioning of fire protection system in Poland was de-
scribed in detail by Ubysz and Szczygiet (2002).

Fire protection in Polish forests comprises a number of various activities,
such as:

L.

2.

fire prevention relying mainly on:

* conducting informative and warning activities,

e determining the rules of forest use, principles of behaviour in the
forests and the use of open fire,

e implementing the recommendations concerning forest breeding
(among other intensive introducing of admixture and auxiliary
species along roads and surface division lines) or undertaking typ-
ically economic activities to limit potential forest fire spreading
(fire breaks),

developing and maintaining the observation and alarm system whose

task is the fastest possible identification of fire in the forest area, its

localization and alarming the forces and means for the fire-fighting;
preparation of the organizational and technical means making a fast
access to the fire site and activities of the fire-fighting forces possible.

Observation and alarm system consists of:

L.

Rl el

As
1.
2.

constant terrestrial observing system,

fire patrols,

alert and disposition points,

alert and disposition telecommunication network.

et of organizational and technical means is composed of:
access roads (fire access roads),
fire-fighting equipment bases,
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W

water supply (including water intake points),

forest air bases and the other infrastructure,

5. instructions developed for individual forest complexes entitled: “Pro-
cedures for the Forest Directorate in case of forest fire outbreak™.

B

Present paper aims to estimate the effectiveness of the fire security system
in Poland against some other European countries, Canada, USA and comparing
the effect of the kind of area manager (the State Forests National Forest Holding
and the others) on fire statistics.

MATERIAL AND METHODS

The investigations used the data on forest fires number, burned forest area
and mean area of a single fire for the years 1990-2016 concerning the forests
under the management of the State Forests NFH and the others (Raport... 2016,
Piwnicki and Szczygiet 2017, Raport... 2017). In comparative analyses the num-
ber of fires and burned area were referred to the forest area of a given country or
management, and the fire statistics were converted into each 1000 ha of forest
area. An average forest fire area was used as the measure of fire security system
effectiveness (Kwiatkowski and Szczygiet 2013), which was compared with the
data from other European countries, Canada and USA. The necessary informa-
tion about forest fires in other countries was quoted after Grajewski (2017).

The trends for the available data were analyzed using Mann-Kendall
non-parametric test (Hamed and Rao 1998, Weglarczyk 2010) accessible in the
XLSTAT package. So far, the test has been successfully used for, among others,
estimation of hydrological and climatic parameters trends (Yue et al. 2002, Yue
and Wang 2004). Detailed description of the analysis using Mann Kendall test
applied in the presented paper was given by Banasik et al. (2013) and Krysztofi-
ak-Kaniewska et al. (2016).

RESULTS

In Poland, on average 8445 fires break out per year of which 3869 in the
forests managed by the State Forests NFH and 4576 in the forests under other
management (Fig. 1). Situation observed in the area managed by the State For-
ests NFH is much better, because four times less fires break out there per 1000 ha
(Tab. 1). Generally, the number of fires in Poland does not show any trend, which
is the consequence of averaging the decreasing number of fires in the forests under
the National Forest Holding management and the growing number of fires in the
forests under other management. Considering the number of fires, unfortunately
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Poland belongs to the group of countries with the greatest number — the average
is above the value determined for the other analysed countries (Fig. 2).
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Figure 1. Number of fires in forests managed by the State Forests NFH (SF NFH) and
in forests under different management in 1995-2016
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Figure 2. Number of forest fires in Poland against other European countries, Canada
and USA per 1000 ha of burned forest area (AT — Austria, BG — Bulgaria, BY — Be-
larus, CA — Canada, CH — Switzerland, CY — Cyprus, CZ — Czech Republic, DE
— Germany, EE — Estonia, ES — Spain, FI — Finland, FR — France, GR — Greece, HR
— Croatia, HU — Hungary, IE — Ireland, IT — Italy, LT — Lithuania, LV — Latvia, MK —
Macedonia, NO — Norway, PL — Poland, PT — Portugal, RO — Romania, SE — Sweden,
SI — Slovenia, SK — Slovakia, TR — Turkey, UA — Ukraine, US — the United States)
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Figure 3. Burned area in forests managed by the State Forests NFH (SF NFH) and in
forests under different management in 1995-2016
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Figure 4. Area of burned forests in Poland against other European countries, Canada
and USA per 1000 ha of forest area (symbols of countries as in Figure 2)

In the years 1990-2016 on average 7226 ha of Polish forests were burned.
Like in the case of the fires number, definitely better situation was observed in
the forests managed by the State Forest NFH (Fig. 3, Tab. 1). Average annual
area of burned tree stands per 1000 ha of forests was here five times smaller in
comparison to the forests under the other management. The trend of burned for-
est area, irrespective of the management, is downward and statistically proved
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in each case. However, the downward trend of this feature in SF NFH forests is
markedly stronger (Tab. 1). In terms of burned forest area, Poland looks much
better in comparison with other countries than for the number of fires. With the
mean burned area much below the average, we rank in the middle of investigated
countries group.
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Figure 5. Average fire area in the forests managed by the State Forests NFH (SF NFH)
and in the forests under different management in 1995-2016
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Figure 6. Average fire area in the forests in Poland against other European countries
and USA (Canada was left out due to disproportionally high value of burned
area — 317 ha) per 1000 ha of forest area (symbols of countries as in Figure 2)
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The average area of fire in Poland is 0.80 ha and fluctuates from 0.26 to
3.7 ha (Tab. 1, Fig. 5). Also, in terms of this very important characteristics, forest
managed by SF NFH look much better, as the average fire area there is almost
twice smaller. Irrespective of the management, the trends are decreasing. This
time a stronger decline characterizes the forests under different management,
however (Tab. 1). In the compilation of countries concerning the average fire
area, Poland looks even better (Fig. 6). Moreover, for Poland these values show
a distinctive and statistically significant downward trend (Tab. 1).

Table 1. Results of the analysis of fires number and burned forest area (per 1000 ha of
forests) and average fire area in Poland in the years 1990-2016 acc. to
forest managements

Forest

Feature Range X SD SS Z p Trend
management
Number SFNFH  0.2370 +1.2969 0.5452 0.2451 -0.0136 -3.0020 0.0013 ~*"
f of ‘ Others 0.2557+4.1888 2.1590 1.0094 0.0435 2.1477 0.0159 ~°
ores

fires Total 0.3829 +1.8543 0.9164 0.3407 -0.0012 0.0000 0.5000 —
Burned  SFNFH — 0.0368 ~4.6428 0.3996 0.8706 -0.0144 -4.7948 0.0000 -
area Other 0.2251 = 8.1951 2.0716 1.6558 -0.0543 -1.9596 0.0250 ~\°
[ha] Total 0.1399 +4.7482 0.7842 09148 -0.0264 -3.1270 0.0009 ~*
Average SFNFH  0.1552+3.5800 0.5378 0.6674 -0.0211 -5.2117 0.0000 ~*
firearea  Others 0.3211 +4.0800 1.0509 0.8338 -0.0421 -4.3779 0.0000 ~*
[ha] Total 0.2640 +3.6918 0.7976 0.6826 -0.0298 -4.6280 0.0000 ~*

X —mean, SD — standard deviation, SS — Sen’s slope, Z — statistics Z, p — value p, 7 or ™~ — up-
ward or downward trend statistically significant on the level oo = 0,05 (*), o = 0,01 (**) or . =
0,001 (**%*)

DISCUSSION

Poland belongs to the group of European countries where the highest num-
ber of fires per 1000 ha of forest area break out each year. In this respect we
occupy the sixth position in Europe after Portugal, Lithuania, Slovakia, Italy and
Cyprus and just before Spain. The high number of forest fires in Poland is a con-
sequence of a serious fire risk primarily due to unfavourable climatic and habitat
conditions, age and species structure of Polish tree stands (Szczygiet 2012).

Despite a considerable and still not decreasing number of forest fires, we
manage to limit the dimension of burned forest area (a statistically confirmed
downward trend), which best proves that a good fire protection system exists in
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forest areas. Beside Poland, also 21 other countries belong to the group, where
a tendency to decrease the forest fire areas was noted and in 12 cases it was sta-
tistically proved (Grajewski 2017).

Our country belongs to the leading countries where fires are extinguished
at the early phase of their development, thus minimizing both material and eco-
logical losses. In this respect we are preceded by Czech Republic, Finland, Ger-
many, Austria, Sweden, Lithuania and slightly by Latvia. Moreover, the values
of average annual fire areas for Poland reveal statistically a significant down-
ward trend, which allows to assume that the process of fire protection system for
Polish forests has not been completed yet.

The effectiveness of firefighting actions allowing for so called extinguish-
ing fires in the bud are the result of not only proper training of people provided
with modern equipment, but also the efficiency of fire risk forecasting systems,
early detection system of forming fires and disposing proper manpower and
equipment which faultlessly reach the fire site in a short time. Early detection
directly determines the fire losses and the costs of fire extinguishing actions and
extinguishing of burned sites (Wiler 2016a). The conducted research allows for
a most positive evaluation of the forest fire security system in Poland. However,
it should be also mentioned that fire protection is visibly much poorer, except
for the forests managed by SF NFH (Wiler 2016b). There is no doubt, that the
main organizational and financial responsibility of fire security in Polish forests
falls on the State Forests National Forest Holding (Szczygiet et al. 2007). In fact,
forest fires break out for reasons independent of the forest (land) manager and do
not result from the forest technologies applied by them (Wiler 2016¢). Therefore,
the occurrence and development of fires depend mainly on the fire protection
infrastructure, construction of which in private forests has not even begun (Wiler
2016c). The situation looks different e.g. in Ireland where average burned area
in private forests in the years 1987-2015 was by c.a. 21% smaller than in public
forests (Irelands’s Forests... 2016).

Forecasting fire outbreak in the coming decades will require, apart from
climate research, also full knowledge about the socio-economic aspects affecting
fires and their extinguishing (Arndt et al. 2013, Arpaci et al. 2014, Valese et al.
2014, Ruffault and Mouillot 2015). Moreover, in case of estimating future fire
conditions one should consider ecological prognoses connected with the changes
in forest structure and dominating tree species. Multilateralism of this problem
emphasizes the importance of interdisciplinary research on forest fires (Venildi-
nen et al. 2014).
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CONCLUSIONS

1. Effectiveness of fire security system in forest areas in Poland, de-
scribed by a relatively low value of average forest fire area, should be
regarded as very good.

2. The registered downward trend for average fire area allows to suppose
that the process of fire security system improvement in Polish forests
has not been completed yet.

3. Alack of an upward trend for the number and area of forest fires allows
for the statement that in the area of Poland forecasted growing ten-
dencies of these features associated with the consequences of climatic
changes have not had place so far.

4. The most optimistic fire statistics apply to the forest areas managed
by the State Forests National Forest Holding, therefore the forests
under different management require greater attention. The statistical-
ly significant upward trend of the number of fires in these forests is
particularly alarming.
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