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Abstract: Forest fires are becoming a more significant problem in Central Europe, but their danger is
not as high as that in Southern Europe. The exception, however, is forest fires occurring in disturbed
areas (windthrow and bark beetle outbreak areas), which are comparable in severity and danger to
the most serious forest fires. In this study, we describe the current situation in Central European
countries in terms of fire protection for disturbed areas in managed forests and forest stands left to
spontaneously develop (secondary succession). If a country has regulations and strategies in this
area, they are often only published in the local language. In this review, we combine information
from all Central European countries and summarize it in a unified international language, provide an
opportunity for local authorities to express their own experiences, and integrate data from worldwide
scientific research. Thus, this paper may be considered a universal guide for managing fire protection
and preparedness in disturbed areas and can serve as a reference for the establishment of strict
legislative rules at the state level. These laws must be obligatory for all stakeholders in individual
countries. The motivation for this study was two large forest fires in an area left to spontaneously
develop in the Bohemian Switzerland National Park in the Czech Republic and Harz Mountains
in Germany in the summer of 2022. These incidents revealed that fire prevention legislation was
inadequate or nonexistent in these areas. The strategy of the European Union is to increase the size of
protected areas and spontaneous development areas. Therefore, we consider it necessary to provide
governments with relevant information on this topic to create conditions for better management of
these destructive events.

Keywords: fuel load; fire ignition; fire propagation; forest fire prevention; fuel management;
spontaneous development; wildfire

1. Introduction

Ongoing climate change and its manifestations, such as long periods of drought,
decreased rainfall or diminishing snow cover, are sometimes accompanied by extreme
weather events, such as windstorms that increase the number of disturbance events in
Central European forests [1,2].

Forest disturbances have major economic, social, and ecological consequences in Eu-
rope and substantial effects on forest productivity and carbon storage [3,4]. The damage
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caused by windstorms in European forests has increased during the past century [2,5–7],
and this trend is expected to continue [1,8]. European forests have become significantly
stressed by drought [9]. The combination of a high amount of salvage wood from wind
disturbances and long drought periods increases the predisposition to bark beetle in-
festations [10]. Bark beetle disturbances have greatly increased in conifer forests in the
Northern Hemisphere over the last four decades [3]. A large part of Central Europe has
been affected by bark beetle outbreaks in recent years, and this can be considered a societal
disaster [11]. These outbreaks have significantly changed the structure and appearance of
Central European forest stands [12,13].

If the quantity of damaged wood in wind-disturbed areas is too great to be cleaned
and processed in a timely manner, the population of bark beetles is likely to increase [12,14].
Damaged trees provide an optimal habitat for developing bark beetle populations, and
outbreaks often follow wind disturbance, especially where weather conditions are suitable
for the reproduction and survival of beetles. Both types of disturbance often support
each other, or one follows the other and leads to cascading disturbance effects on forest
ecosystems [15–19]. One example is the bark beetle outbreak in High Tatras National Park
(Slovakia) in 2005, after a wind disturbance event in 2004 (called Bora or Elizabeth) [20,21];
another is the outbreak in Bohemian Forest National Park (Czech Republic) in 2008 because
of the storm Kyrill that occurred the previous year [22].Even spontaneously developed
forest stands have not yet fully recovered from bark beetle outbreaks [23].

A fact that is often overlooked is the greatly increased danger of forest fires in these
disturbed areas, e.g., [24–29]. The management and systematic treatment of areas affected
by wind disturbances or bark beetle outbreaks should protect them from the occurrence of
forest fires. Targeted treatment of the disturbed areas should be carried out to ensure the
ability to effectively implement firefighting operations to battle any resulting forest fires.

The aims of this study were as follows: (i) explain the reasons for the increased
danger of fire ignition and propagation caused by the fuel loads available after disturbance
(windthrow or bark beetle outbreaks); (ii) describe the steps and recommended practices in
the field after these disturbances to minimize the fire danger and increase preparedness;
and (iii) recommend measures to ensure spontaneous forest development not only for
environmental conservations but also for fire protection.

2. Forest Disturbances in Central Europe

Forest disturbances are expected to intensify as Earth’s climate changes. Quantifying
the vulnerability of forests to disturbances and understanding the underlying mechanisms
are crucial for developing mitigation and adaptation [30,31]. Approximately 33.4 billion
tons of forest biomass could be seriously affected by these disturbances, with higher
relative losses from windthrows (40%) and fires (34%) than from insect outbreaks (26%) [31].
Dominant types of disturbances vary regionally across Europe with forest type, location,
climate, the degree of cultural landscape modification, and topography [2]. A long-standing
view of European forests has held that large severe disturbances are directly or indirectly
caused by human activity, including past forest management practices that simplified
forest structures [32–34]. Some authors predict that nearly 100% of timber loss/damage
in the future will be caused by wind, fire, and insects [2,31]. Scientists estimate that only
a minority of damage is caused by other hazards [35]. For this reason, we focus only on
forest fire protection in areas affected by bark beetles and wind disturbances, which are
very common in Central Europe [2,10,15,31].

Wind damage related to summer thunderstorms is common but usually results in
relatively small areas of wind disturbance [36]. In contrast, winter storm systems in the
mountain ranges of central and northwestern Europe affect larger forest areas than any
other type of disturbance. Notable examples of these extratropical cyclones include the
storm Vivian in February 1990 and storms Lothar and Martin in December 1999, both of
which caused damage across large regions of the Alps [37] and Central Europe [18,19]
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(Table 1) [38]. Aside from the large storms that Central Europe faced in the previous
35 years, there have been numerous local wind disturbances every, e.g., [39].

Table 1. The largest wind storms damaging forest stands in Central Europe during the last 30 years.

Storm Year Country Affected by Storm (•)

Czech Republic Slovakia Austria Germany Poland

Vivian 1990 •
Lothar and

Martin 1999 •

Elisabeth/Bora 2004 •
Kyrill 2007 • • • • •
Klaus 2009 •

Xynthia 2010 • •
Nicklas 2015 • • • • •
Derecho 2017 •
David

(Fiederike) 2018 • • •

Sabine (Ciara) 2020 • • •

Outbreaks of bark beetles and defoliators across Europe affect forests that are dom-
inated by spruce, pine, fir, and other species. However, across the continent, the most
significant insect outbreaks are those of European spruce bark beetles (Ips typographus L.),
which attack Norway spruce (Picea abies (L.) Karst.) [15–19,40]. Climate change has a strong
amplifying effect on bark beetle population growth [41]: (1) it facilitates bark beetle sur-
vival and development (e.g., by reducing winter mortality and allowing the completion of
additional beetle generations per year) [42,43]; (2) it increases the size of potential beetle
habitat by allowing beetles to spread to higher altitudes and latitudes [44,45]; (3) it increases
the probability of extreme, region-wide weather events such as drought, which reduces
tree resistance [46,47]. Due to these mechanisms, disturbances caused by bark beetles are
projected to increase in Europe in the next decades [2].

3. Increasing Forest Fire Danger after Disturbance

There is an increasing forest fire danger in disturbed forest areas. The forest structure
is changed by disturbances, and the amount of flammable material on the forest floor
increases [48,49]. Flammable material from trees is transferred to the forest floor immedi-
ately (windthrow) or gradually (bark beetle) (Figure 1) [48–50]. After a windthrow event,
the structure of the forest stand and the vertical distribution of combustible materials are
instantly changed, and the area becomes extremely vulnerable to the uncontrollable spread
of a fire. After windthrow, the disturbed area, in contrast to the standing forest cover, is not
height-differentiated and is made up of broken, uprooted, standing, and decaying trees,
herbaceous cover, and brushwood. The distribution of the biomass of the trees is uneven;
timber usually accumulates in several meter layers, and parts of the tree crowns are also
found on the forest floor [50] (Figure 2).

Similar to wind disturbance events, bark beetle outbreaks also significantly change
the characteristics of the forest environment (Figure 3). During the first phase of a bark
beetle outbreak, the infected trees experience drying and shedding of the needles, which
is usually accompanied by the shedding of the bark. The surface of the forest floor is
therefore covered with a significantly larger amount of flammable material than the floor of
a healthy forest stand [51,52]. Then, small twigs break off of dry trees and further increase
the amount of flammable material on the forest floor; later, the stronger branches break
off and fall to the ground. In addition, there may be uprooted or dry individual trees and
a further increase in the amount of flammable material on the surface of the forest floor
(Figure 1) [51–54]. The amount of transferred flammable material depends on the period
between the destruction of the forest stand by the bark beetles and the salvage logging in
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the stand. However, even after the relatively quick removal of trees, more combustible
material remains on the floor than in the case of harvesting a healthy stand, mainly in the
form of bark, broken branches, and the remains of the assimilation apparatus.
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These transfers of flammable material increase the value of potential heat energy,
which can be released during a fire [26,55]. More heat energy released during a fire means
quicker loss of moisture content of flammable material in the path of the spreading fire,
usually accompanied by increasing speed of the fire front [55]. Additionally, when the fire
produces more heat, there is a higher probability of spot fires, and in the worst scenario, a
convection column is formed [56]. More intense fires are also able to consume more solid
pieces of flammable material [57–59].

The second problem is increasing sunlight on the forest surface because of the distur-
bance (especially after the bark beetle outbreak) [60], and depending on the characteristics
of the habitat, grasses and herbs begin to dominate sooner or later [61] and dry up in the
late summer or autumn months, creating an easily ignitable fuel. The effect of grasses on
fire behavior has previously been published many times, see e.g., [62–64].

Together with an increasing amount of flammable material, the environment supports
the intense and rapid spread of forest fires once ignited [65]. If a fire occurs in such a forest,
under favorable weather conditions, it will have a very high burning intensity [66], with a
rapid fire front, which may lead the fire to spread over a large area, favored by the limited
availability of the forest [67,68].

These ignitable and high-intensity fire conditions of the environment can be accompa-
nied (especially windthrows) by a destroyed forest road network and thus the impossibility
of getting to a possible fire site with fire vehicles or having access to water supply points,
which, in the event of a fire, may increase the losses [67].

4. Managed Forest Stands after Disturbance
4.1. Salvage Logging

From a forest fire perspective, the basic principle for decreasing the fire danger is the
reduction in the fuel load in the area affected by the disturbance by removing the damaged
timber as quickly as possible [28]. We recommend the following procedures to reduce the
risk of injuries to workers during salvage logging, significantly reduce the fire danger, and
increase preparedness for a possible forest fire (Figure 4).
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• Process timber from disturbed areas starting in the places with the greatest fire danger,
depending on the natural conditions, the composition of tree species, or the volume of
the damaged timber.

• Ensure that all forest roads are passible in the entire disturbed area and verify access
to and cleaning of all water courses and other water supply points.

◦ If there is a “main” water supply point nearby that could be used as a source of
water for suppression, focus primarily on making (most important) the forest road
network to this supply point passable; immediately afterward, make other water
supply points in the disturbed area available.

◦ For critical locations with inaccessible or remote water supply points, it is appro-
priate to secure an alternative source of water for potential suppression (temporary
small dams on waterways in the area of the disturbance and in its vicinity or
portable water supply points such as tanks).

• Process timber in the disturbed area once all forest roads are made available and all
streams and water supply points are clear.

By loosening the road network, the disturbed area is divided into smaller parts, and
timber processing should then proceed so that, in the event of a fire, the ability of flames to
jump between individual segments of the disturbed area is minimized [50]. In the vicinity
of a disturbed area with undamaged forest stands, the main priority should be to prevent
fires from spreading beyond the damaged forests and to stop fires within the disturbed
forest. The main protection of the area will be the isolation of the areas of disturbed forests
from the complex of managed forests with special fire protection strips.

These steps are mostly suited to windthrow disturbances; during bark beetle outbreaks,
there is no destroyed forest road network or access to water supply points. However, we
must still periodically check if the forest road network is passible and whether the water
supply points are accessible, as decaying or dead individual trees can more easily uproot or
break. Removing these trees during fire suppression can cause unnecessary delays, which
increases the time for the fire to develop freely or the time needed to transport water for
suppression, if necessary. Otherwise, bark beetle outbreak timber processing is similar to
that for windthrow disturbance.

It is highly recommended to use harvester technology for processing disturbed areas.
If it is not possible to use this technology, we recommend employing the most experienced
forest workers [69,70]. Many forest workers will be working in the disturbed area during
processing. Due to the large number of people in the area, the likelihood of fire ignition due
to negligence also increases [71]. Discarded cigarettes (despite the prohibition of smoking
in the forest) or a forgotten fuel canister can become the initiator of a forest fire. It is
necessary to increase the intensity of training and follow-up inspections and to consistently
require the security of all measures against the occurrence of forest fires [50]. Many tractors,
harvesters, and forwarders are also usually involved in the timber processing of disturbed
areas, so it is necessary to check their technical conditions and supplement them with fire
extinguishers if they are missing.

4.2. After Salvage Logging

Processing timber in disturbed areas decreases the amount of flammable material
on the forest floor, thus reducing the fuel load of the given area [50]. Although all the
flammable material is concentrated near or on the forest floor in a wind-disturbed area,
a smaller amount of flammable material is released from the drying trees if the timber is
rapidly processed, compared to leaving the disturbed area untouched long-term [28]. The
processing of timber in bark beetle outbreak areas does not further increase the amount of
flammable material on the forest floor caused by the gradual decay of individual trees [72].
Generally, the more immediate the response is, the less flammable material is released from
the decaying trees.

From the point of view of fire protection, it is preferable that there be as little flammable
material as possible on the forest floor [73,74]. However, regarding the current trends of
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leaving material such as dead wood to maintain biodiversity, there are tradeoffs to be made
between nature conservation and fire management. It is necessary, especially in areas with
high fire danger, to leave a quantity of dead wood in the forest that will not unnecessarily
increase the fuel load but, on the other hand, allow enough living space for organisms
bound to dead wood [75].

Importantly, the vulnerability of a disturbed area to the occurrence of a forest fire is still
high even after processing. This vulnerability stems from the relatively rapid increase in
easily ignited grasses and herbs caused by a drastic change in light conditions on the forest
floor [76], supported by the amount of flammable material released from trees before and
during timber processing. The amount of flammable material released from the destroyed
tree stands affects the intensity of the fire in the first years after disturbance until this
released combustible material decomposes [26,28,72]. The time required for decomposition
of flammable material is highly dependent on the characteristics of the habitat [77].

However, a fire in these areas is less dangerous and easier to control and suppress due
to the completed processing of timber (Figure 5a) [28]. Access and movement around the
fire during suppression are also easier in the case of cleared areas.
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4.3. Planting a New Forest

When planting new forest stands in disturbed areas, care must be taken in the selection
of tree species to reduce the predisposition to disturbances recurring in the future as much
as possible; additionally, the selection of tree species should correspond to the habitat
conditions in response to current climate change [12]. It is also important to use local tree
genotypes during afforestation, which may be best adapted to local natural conditions [78].

To minimize fire spread in afforested areas after large disturbances, it is appropriate
to divide the areas with a system of fire breaks when planning afforestation [79]. An
example can be taken from the division of a large complex of pine stands after a large-scale
forest fire on the Polish–German border near the German village of Forst (51.7434406◦ N,
14.6949142◦ E) (Figure 6). Fire breaks slow down and can even stop forest fires from spreading
and increase accessibility for fire suppression to some parts of the forest stands [28,74,79–81].
Additionally, the forest road infrastructure built for timber processing and as a fire break
must be maintained in the postdisturbance phase (operable water supply points, places
for water fulfilling of aircraft, water supply points from watercourses, forest road network
passable for firefighting equipment, forest road network useable like fire breaks) [67].
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Fire protection in these newly planted forest stands is also important in view of the
high costs of reforesting these areas [82]. In the event of a fire, these seedlings of the newly
planted forest will be destroyed, and new tree planting will be necessary, which increases
economic demand [82–84].

4.4. After Planting a New Forest

The increased vulnerability of the emerging forest to forest fires lasts until the tree
crowns fully cover the forest surface. As a result of the cover, light conditions on the forest
floor change, easily ignitable grasses and herbs mostly disappear, and there is an increase
in soil moisture due to shading and reduced evaporation (Figure 5b). These forest stands
are, therefore, more difficult to set on fire [85,86]. However, if they catch fire, they can
be very dangerous. These forest stands restored in disturbed areas are characterized by
an unfavorable age structure (only slightly differentiated) and sometimes also species. In
large postdisturbance areas, where one-age coniferous young trees dominate in large areas,
flames covering the entire height of the trees can be expected [87]. This situation can also
threaten the surrounding mature forest stands and facilitate the formation of crown fires in
mature forest stands [88,89].

5. Spontaneously Developing (Unmanaged) Forests after Disturbance
5.1. Prolonging Fire Danger

The principles of spontaneously developing forest stands (nonintervention forest
management) are currently most often applied in protected areas, primarily in national
parks [90]. These areas are usually visited much more often by the public [91], which
is also the reason why the vulnerability of these areas to the occurrence of forest fires is
continuously significantly higher. Humans cause up to 98% of forest fires in Central Europe,
as well as almost the rest of the world [56,92].

In normal situations in spontaneously developing forest stands, the natural processes
of tree death and the growth of a new generation are very slow [90]. If there is currently no
damage to the forest stand by strong winds or gradations of insects, dying (standing) trees
do not pose a high fire danger [93]. In natural and slow processes, trees die gradually, and
the processes of biomass decomposition by fungi take place at the same time, meaning that
biomass does not undergo very large accumulation and drying [61,94].

However, these areas are also sometimes fatally damaged by wind events or bark
beetle outbreaks [90], which leads to a sharp increase in the fuel load of these areas [26,66].
The role that the application of spontaneous development has in this process should be
discussed in the context of the elaboration of strategy documents, e.g., [95]. It is important
to realize that, due to spontaneous development, timber is not processed in these disturbed
areas [90], which prolongs and deepens the problems in the field of fire protection [96]. In
spontaneously developing forests that were affected by a disturbance, the flammability of
the area caused by the accumulation of flammable material from thousands of decaying
trees on the forest floor is much higher and decreases slowly [26,28,89,97] (Figure 7).
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Depending on the type of habitat, natural regeneration processes, and thus the rate
of decomposition of the most flammable material, it can take 5 to 10 years and occasion-
ally much longer [26,61]. Many studies have indicated that lying deadwood from wind
disturbance can reduce browsing pressure on young seedlings due to the barrier effect [98].
On the other hand, in bark beetle-destroyed forest stands, due to increased sunshine and
decreased shadow, there is a decrease in natural humidity in the area, which affects various
organisms and leads to a slowing of the decomposition processes of the accumulated
flammable material [99]. Another problem in relation to forest fires lies in the gradual
drying out of standing dead trees due to alternating precipitation, sunshine, frost cracks,
or partial breaks (breaking off of branches and tree tops). The integrity of the tree trunk is
gradually weakened, and the area of surfaces suitable for heating and burning increases
(principle of woodchips). In the case of a forest fire, the entire standing trunk can gradually
burn, as demonstrated in Bohemian Switzerland National Park (Figure 8). Research carried
out in the Polish complex of the Białowieża Forest damaged by bark beetles showed that ap-
proximately 10 years after dying, dead spruces were practically devoid of branches. Some
of the dead trees were lying, and some were still standing; however, they did not pose a
significant threat to the spread of fires. The same research years before showed that in the
first 3 years after dying, the trees were mostly standing and had most of their branches. As
a result of the systematic falling of trees and branches, a loose spatial structure is created
that allows grass-like vegetation to develop on the ground. Grass cover poses a serious
danger for fire ignition and rapid spread. When analyzing the decay of the spruce stand
over time, researchers found that the susceptibility of potentially combustible material to
ignition and fire spread was highest in the initial phase and reached a maximum in the
2nd to 3rd year. (This chapter is supported by long-term research in Bialowieza Forest
see, [100–103]).

This is the biggest difference with managed forest properties; there is a significant
reduction in the flammability of the area much quicker after timber processing after a given
disturbance [104]. It is evident from the above that the riskiest period for the occurrence
and intensive spread of forest fire in these spontaneously developing forests is within five
years of the disturbance event [26].

Based on previous knowledge, we consider the period with the greatest danger for fire
ignition to be from the second to third year after the disturbance due to the spontaneously
developing vegetation and shrub layer, when herbs and grasses appear on the newly light-
exposed forest floor [102]. In combination with flammable material that reaches the forest
surface due to disturbance and is not yet largely decomposed, it creates ideal conditions for
dangerous and very difficult-to-suppress forest fires [26,72]. The extremely difficult and
demanding movement of firefighters and the transport of water in these disturbed areas
during the suppression of a potential forest fire cannot be ignored (Figure 7) [50,102].
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5.2. Recommendations for Decreasing Fire Danger in Spontaneously Developed Forests

We recommend leaving a maximum of 30% of the biomass in spontaneously devel-
oping forest stands. It is necessary for all disturbed areas to be clear, all forest roads to be
maintained in operable conditions, and all waterways and water supply points to remain
accessible and usable. These measures are necessary, above all, for the possible passage of
firefighting vehicles or the use of water supply points to suppress forest fires [50].

Furthermore, it is highly recommended that certain sections be completely cleared of
all destroyed timber for the building of partial fire breaks, namely, along the main forest
roads and in places that are easily accessible to fire brigades; this will also make disturbed
areas less complex. These cleared areas must be wide enough (at least 30 to 50 m, ideally
even more); sufficient width should ensure a momentary reduction in fire intensity, which
can be advantageous when trying to suppress a forest fire [28,74,80,81]. Cleaning up the
surroundings of these main forest roads in spontaneously developing forests will also
ensure greater safety for future visitors [94,101]. To make this beneficial for stopping the
spreading of fire, a small effort must be expanded to build firebreaks.

6. Fire Protection of Spontaneously Developed Forests in Central Europe

As previously mentioned, when a disturbance occurs, there is a significant increase in
the probability of a forest fire and possibly increased burning intensity. Central European
forests have already faced forest fires in disturbed areas. The pattern of these fires thus far
has indicated a small-burned area. The situation clearly changed in the 2022 fire season. In
Bohemian Switzerland National Park, most of the fire burned the forest stands destroyed
by bark beetles. The fire reached a size of 1060 hectares [105], and another approximately
500 hectares were burned on the German side of the national park [106]. Another large
forest fire occurred in Harz Mountain National Park, where approximately 300 hectares of
the area were burned [107]. During this fire, for the first time, firefighting aircraft from the
RescEU fleet launched in Germany [108].

The aforementioned forest fires took place in an environment that was left to spon-
taneously develop, and disturbance occurred. Nature protection strategies often neglect
fire protection and measures for fuel load reduction in these places despite disturbances,
perhaps not fully accounting for the danger of the situation, as in the aforementioned
Bohemian Switzerland National Park and Harz Mountains National Park. Moreover,
the current trends and plans of the European Union indicate that protected areas, po-
tentially even forest areas with spontaneous development, will increase [109]. Required
rules and procedures must be established for the purposes of fire protection in these areas
regarding the population, biodiversity, and property. There are no specific regulations



Fire 2023, 6, 310 11 of 18

or laws ensuring fire protection in these spontaneously developed forest stands in Cen-
tral European countries. If any guidelines are in place, they are not legally enforceable
(Supplementary Material Table S1).

6.1. Poland

In Polish national parks, issues related to fire protection are similar to those in managed
forests administered by the State Forests. In the event of a disturbance that disrupts the
spatial system of the stand, local actions are taken based on forest management principles
and expert knowledge. Local expertise and recommendations are developed for these
types of areas to reconcile various forest functions. That is, for example, the case of fire
protection guidelines in areas affected by wind disturbance [110]. Nevertheless, detailed
laws or regulations do not exist.

6.2. Czech Republic

Within the framework of the legislation of the Czech Republic, there are currently
no obligations in the field of fire prevention in disturbed areas, even in the management
of spontaneously developing forests. The need to change the legislation after the fire in
Bohemian Switzerland National Park has already been pointed out by some; for example,
as stated by the Director General of the Fire and Rescue Service of the Czech Republic,
“Legislative steps consist in the fact that, in some provisions, we will probably have to
adjust the performance of state fire supervision and the duties of administrators, especially
of national parks, in the area with spontaneous development of forest, in order to ensure
the arrival of fire technic and equipment, to build fire breaks and to ensure enough water
supply points”. He further stated that, “the firemen had to cut through many original but
overgrown roads in Bohemian Switzerland National Park in order to reach the fire and
start suppression” [111].

6.3. Slovakia

Slovakia does not have established rules within the legislation that addresses the
principle of fire protection of forests being allowed to spontaneously develop or having
very limited forest management. Some fire protection guidelines have been developed,
for example, in the High Tatras after the wind disaster in 2004 [50,67]. However, these
procedures and principles are not part of the legislation, and it is very difficult to apply
guidelines due to conflicts with nature conservation, and even partial application requires
much effort from interested parties.

6.4. Austria

Austria does not have a specific law regarding how to minimize the probability of fire
ignition in areas of spontaneously developing forest stands. There are several regulations
or management principles now worked out [112,113].

6.5. Germany

The same case as in Austria or the Czech Republic is in Germany. There are no specific
regulations or laws on how to address disturbed areas in relation to fire protection in
spontaneously developed forest stands. For further information, see Table S1.

7. Maximize Prevention and Preparedness

Regardless of the applied management, further points are recommended to minimize
the forest fire danger and maximize the effectiveness of fire suppression in these areas.
The following steps should be processed by forest owners in close cooperation with local
fire brigades:

• Develop or apply existing systems for monitoring fire danger in disturbed areas.
• Limit the access of people to the forest and ensure the safety of bystanders.
• Evaluate the coverage of the disturbance area by communication signals.
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• Protect particularly endangered fragments by making additional firebreaks.
• Notify the territorial competent fire units of the fire hazard.
• Re-evaluate the number of technical means intended for fire protection and their

numerical increase in the disturbed area.
• Equip members of the fire brigade with maps of forest roads and water supply points

or ensure GIS data of these roads and water supply points.
• Analyze the possibility of using aerial firefighting (determination of landing and

handling areas)

Ideally, during the timber processing of the disturbance, ensure that there are regular
ground and aerial fire patrols [50,67].

8. When Forest Fire Occurred

The occurrence of a forest fire in a disturbed area leads, in most cases, to only a partial
burnout of the available fuel; therefore, there is a high probability that additional forest
fires will occur in these areas [114].

In the event of forest fires in wind-disturbed areas, a significant amount of flammable
material will usually burn out. In wind-disturbed areas, the amount of fuel on the forest
floor is greater due to the immediate movement of combustible material from the crown
layer to the forest floor caused by the breakage and uprooting of trees (Figure 1). Burned
wind-disturbed areas are, therefore, “less” dangerous for future wildfires than bark beetle
outbreak areas.

In bark beetle outbreak areas, fuel is gradually released from treetops to the forest floor
(Figure 1). In the event of a fire, a significant amount of the flammable material on the forest
floor is burned [89]. However, depending on fire severity, the degree of decomposition,
or the degree of timber processing completed after the bark beetle outbreak, a significant
amount of flammable material remains in the disturbed area due to standing dead trees.
Due to the degradation of these dead trees, additional flammable material will gradually
appear on the surface of the forest floor (breaking off of branches and tops of crowns and
uprooting of individuals). Therefore, soon after, another available fuel appears after the
original forest fire [114]. An example of this is the fire in Bohemian Switzerland National
Park. The photographs were taken three months after the forest fire and show an increasing
amount of flammable material on the forest floor (Figure 9a,c) and in places that were not
affected by the first fire (Figure 9b).
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The processes of regeneration of the forest floor after a forest fire are identical to those
caused by the fall of needles during bark beetle outbreaks. A disturbance area provides
enough space, light, and nutrients for the rapid onset of vegetation growth. This vegetation
dries up in the autumn of the first or second year after the fire (depending on the time of the
forest fire event) and thus creates an area that is easily ignited [76] with a large amount of
flammable material, which has fallen on the forest floor due to degradation or has remained
unburnt on the forest floor after the original fire [61,114].
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Another consideration is that after a fire in the disturbed area is partially burned,
standing and dead downed trees remain in the area. As a result of the burning, the surface
of these partially burned trees became charred. The charred layer provides nutrients to
soil during decomposition [115,116] but also becomes a natural inhibitor of decomposition
and prolongs the presence of these partially charred individuals in the disturbed area. For
that reason, the amount of flammable material remains in the areas affected by fire for a
significantly longer time.

It is evident that these abovementioned phenomena take place, especially in forest
stands left to spontaneously develop. Bark beetle outbreaks and wind events in stands with
regular forest management regimes are usually processed before the regrowth of flammable
vegetation occurs. Charred wood is also partially removed from the area.

9. Conclusions

The fact that one disturbance event creates ideal conditions for another disturbance in
the form of a forest fire is evident, and these wind or bark beetle-disturbed areas in Central
Europe should be a priority for fire protection. These areas quickly become very vulnerable
to the occurrence of forest fires, and the burning of these areas tends to be intense, difficult
to suppress, and affects people from a wide area, either through smoke, the necessity of
evacuation, or, in the worst-case, damage or destruction of their property. To date, human
losses due to forest fires have been rather rare in Central Europe.

It is necessary to acknowledge the connections between disturbances, forest manage-
ment, and forest fires to understand the processes that influence vulnerability to forest
fires and their intensity. The importance of forest fires in Central Europe is on the rise,
and it is necessary to pay great attention to this issue and be prepared to manage these
destructive events better. More fires are expected to burn in landscapes with a legacy
of disturbance [117].

The European Union envisages an increase in protected areas and areas managed as
spontaneous development, which will certainly also include forest stands. Therefore, we
consider it necessary that when applying these principles, great emphasis is placed on fire
protection and the existence of suitable technical and personnel equipment nearby in the
event of a fire.

This article provides a basic overview of what happens after disturbance in relation to
fire vulnerability and potential fire intensity. It also provides simple steps to reduce fire
danger and increase preparedness for potential forest fires in disturbed areas. This paper
aims to help foresters and policymakers better understand forest fire problems in these
areas. The introduced principles and methods of securing fire protection in disturbed areas
of managed and unmanaged forest stands should be further developed in detail at the level
of individual states and should be included in legislation to be enforceable.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/fire6080310/s1, Table S1: Fire protection situations in disturbed
areas or spontaneously developed forests in Central Europe based on questions addressed to the
coauthors representing respected local authorities in forest fire protection.
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