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Abstract

The fire risk classification now applied in Poland to forest areas is based on the frequency of fire outbreaks
and the stand-related, climatic and anthropogenic conditions. The minimum area for which the forest risk
category is determined is the area of a forest district (on average seventeen thousand five hundred ha), which
reaches a maximum area of up to thirty-odd thousand hectares. The classification enables the determination
of the fire risk for a county, sub-region or province, or the Regional Directorate of State Forests. Thus, this
method enables identification of the potential fire risk on the macro scale. However, it is impossible to identify
the fire risk on the micro scale.

The classification of stand flammability according to forest habitat types, which has been developed as a
result of the implementation of the project and fuel models, shall enable the mapping of forests in terms
of their fire characteristics at the sub-compartment level.
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1. Introduction

The fire risk classification now applied in Poland to forest areas is based on the frequency of fire
outbreaks and the stand-related, climatic and anthropogenic conditions. The minimum area, for which
the forest risk category is determined, is the area of a forest district (on average seventeen thousand
five hundred ha), which has a maximum area of up to thirty-odd thousand hectares. The classification
enables the determination of the fire risk for a county, sub-region or province, or the Regional
Directorate of State Forests. Thus, this method enables identification of the potential fire risk on the
macro scale. However, it is impossible to identify the fire risk on the micro scale.

The classification of stand flammability according to forest habitat types, which has been developed
as a result of the implementation of the project and fuel models, shall enable the mapping of forests in
terms of their fire characteristics at the sub-compartment level. This shall meet the requirements of
Directive 2007/2/EC of the European Parliament and of the Council of 14 March 2007 establishing an
Infrastructure for Spatial Information in the European Community (INSPIRE), which is implemented
in Poland by the Ministry of the Environment. One of the expected effects of the implementation of
the Directive is the possibility of mapping forest fire risks. At present, forest areas are mapped in terms
of fire risk at two levels:

1. The national level, the classification of the Regional Directorates of State Forests
(provinces, sub-regions) according to forest fire risk categories,

2. The regional level, the classification of forest districts (counties) according to forest fire
risk categories.

The project involved the separation of a third forest fire risk mapping level, the local level of a
forest district, considering flammability classes determined by a flammability analysis of forest habitat
types and soil cover types. The fire risk mapping method provided for the use of necessary valuation
data from the Information System of State Forests (SILP). Since a sub-compartment was a basic
mapping unit, this led to very detailed, but too meticulous and fuzzy mapping, which could limit its
practical usefulness in certain situations. Therefore, data generalisation rules were developed to enable

Advances in Forest Fire Research 2018 — Page 165


https://doi.org/10.14195/978-989-26-16-506_16

Advances in Forest Fire Research 2018 - D. X. Viegas (Ed.)
Chapter 1 - Fire Risk Management

the determination of the flammability class for larger areas, a compartment and a forest district. It was
decided that a generalised class should be a weighted mean of the classes of individual sub-
compartments, with the qualification that where the area of the stands of any class exceeded 50% of
the surface of a given area, it was assigned as a whole to that class.

2. Methodology

The stand flammability classification according to forest habitat types was based on an analysis of
fire outbreaks in State Forests in the period from 2007 to 2017. In elaborating it, when calculating the
flammability index consideration was given to the number of fires and the burnt area relative to the
area occupied by particular forest habitat types and soil cover types. This index was the quotient of the
proportion of fires or the burnt area and the proportion of a given stand type. In relation to the number
of fires, consideration was only given to those sub-compartments where a fire had occurred, whereas
in relation to the burnt area the total area affected by a fire was taken into account. These data were
referred to current information about the areas of stands growing on particular sites and the soil cover
types identified from detailed data on all the sub-compartments found in the Forest Data Bank. The
classification of stands in terms of fire risk shall enable assessing it at the sub-compartment level and
to create an LMN (Forest Numeric Map) layer with precise fire risk mapping. In elaborating the final
classification method, the weights of individual indices were dependent on the correlation strength of
the density of fires or the burnt area and the presence of selected stand types.

3. Results
3.1. Classification of stand flammability according to forest habitat type and soil cover type.

The analysis of the forest fire occurrence, which the classification of the stands is based on,
distinctly shows the domination of the tree habitat types, considering both the number of forest fires
and the burnt area. Regarding the volume of this publication, authors focused only at the results for
lowland habitats covering almost 90 % of Polish forests. These are: fresh coniferous, fresh mixed
coniferous and fresh mixed broadleaved forest. The domination of these habitat types is mostly linked
to the area covered by them. More accurate information regarding stands flammability is derived from
flammability indices - both for number of forest fires and burnt area (table 1). In terms of the number
of fires, dry coniferous, moist mixed coniferous, moist coniferous, fresh coniferous, and fresh mixed
coniferous forest sites should be considered as the most flammable (with flammability indices higher
than 1), whereas in the case of the burnt area these are, respectively, dry coniferous, moist coniferous,
bog coniferous, moist mixed coniferous, fresh coniferous, fresh mixed coniferous and fresh mixed
broadleaved forest sites. It is noticeable that for the wet sites flammability indices of burnt area is
frequently higher than the one for the number of fires.

Table 1 - The occurrence of fires depending on forest habitat types and flammability indices.

Flammability index according

Forest habitat type Share of total Share of number of | Share of burnt to habitat type
stand area [%] forest fires [%)] area [%] For number of For burnt
fires (Wsy) area (Wsp)
Bb — bog coniferous
forest 0.15 0.06 0.34 0.39 2.28
BMb — bog mixed
coniferous forest 0.63 0.39 0.51 0.62 0.80
BMsw — fresh mixed
coniferous forest 23.66 32.99 26.31 1.39 1.11
BMw 4.44 7.06 9.56 1.59 2.15
Bs — dry coniferous
forest 0.17 0.58 2.25 3.40 13.17
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Bs$w — fresh coniferous
forest 19.72 28.90 28.22 1.47 1.43
Bw — moist coniferous
forest 0.61 0.93 4.42 1.53 7.27
Lt — riparian forest 0.47 0.31 0.38 0.65 0.80
LMb — bog mixed
broadleaved forest 0.73 0.15 0.14 0.20 0.20
LMs$w — fresh mixed
broadleaved forest 19.07 14.54 11.79 0.76 0.62
LMw — moist mixed
broadleaved forest 3.82 3.55 3.97 0.93 1.04
L$w — fresh broadleaved
forest 9.79 3.52 3.93 0.36 0.40
Lw — moist broadleaved
forest 1.95 0.62 0.73 0.32 0.38
Ol — alder forest 179 0.41 0.55 0.23 0.30
OlJ — alder-ash forest 0.81 0.12 009 0.14 0.11

It is clearly visible that estimating the occurrence of the same group of fires in relation to soil cover
around 50% occur in stands with turf (table 2). However, when the share of stands with turf is close to
60%, both for number of fires and burnt area, flammability indices are close to 0.8. The highest values
of flammability index, in both cases, occur for stands with bare ground. Still, considering insignificant
(less than 1%) share of stands with bare ground, it does not influence the characteristic of fires
occurrence.

Table 2 - The occurrence of fires depending on the soil cover types and forest flammability indices.

Flammability index
Soil cover type Share of total | Share of r_]umber of | Share of burnt according to habitat type
stand area [%] forest fires [%)] area [%] For number of | For burnt
fires (WpL) area (Wep)
MSZ- moss 15.43 18.78 13.38 1.22 0.87
MSZC — moss/bilberry 11.53 5.33 5.16 0.46 0.45
NAGA —bare 0.42 0.65 1.03 1.53 2.44
SZAD - turf (dense) 16.34 1289 19.29 0.79 1.18
SZCH — weed (dense) 8.65 5.12 6.93 0.59 0.80
SCIO - litter 4.01 4.47 4.36 1.11 1.09
ZAD — turf 57.09 48.18 45.81 0.84 0.80
ZIEL - herbaceous 13.48 4.60 4.04 0.34 0.30

Another stage involved an attempt to assess the importance of particular indices for establishing the
method for classifying the stand flammability where the flammability index determined for the number
of fires was higher than 1. In relation to the number of fires, the investigation concerned the correlation
of the density of fires (the number of fires in 10,000 ha of a forest area) in forest districts with their
proportion of stands growing on the sites BMsw, BMw, Bs, Bsw, Bw and also with their proportion
of stands growing on the sites with moss, bare ground and litter.

In relation to the burnt area, the investigation concerned the correlation of its density (the burnt area
in 10,000 ha of a forest area) with their proportion of stands growing on the sites Bb, BMsw, BMw,
Bs, Bsw, Bw, LMw and also with their proportion of stands growing on the sites with bare ground,
dense turf and litter.

Figure 1 illustrates the relation between share of forest habitat types and density of fires.
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Figure 1 - The correlation between density of fires (GL - POZ) and share of forest habitat types (U-STL-L)

In all the cases, this correlation was poor, with the highest correlation coefficient found for the
density of the number of fires depending on the proportion of forest habitat types (r = 0.2941), followed
by the density of the burnt area depending on the proportion of forest habitat types (r = 0.2158).

In relation to the proportion of soil cover types, this was, respectively, r = 0.1710 for the burnt area
and r = 0.1660 for the number of fires.

Taking the above into account, the formula for the cumulative flammability index was derived:

Ws =0.8 ¢« WsL + 0.4« Wsp + if (Wpp>Wp_) 0.3
where:

Ws - the flammability index of forest habitat types for the number of fires,
Wsp - the flammability index of forest habitat types for the burnt area,

Whp - the flammability index of forest soil cover types for the number of fires,
Whep - the flammability index of forest soil cover types for the burnt area.

On this basis, it is possible to determine the stand risk class, in accordance with Table 3.

Table 3 - The intervals of the cumulative flammability index for the stand flammability classes.

Value of cumulative flammability index Ws Flammability classes
>1,7 A (high)
0,7+1,7 B (medium)
<0,7 C (low)

According to the assumption above, all the stands (considering forest habitat type and soil cover)
should be included in one of the below flammability classes (Table 4).

Advances in Forest Fire Research 2018 — Page 168



Advances in Forest Fire Research 2018 - D. X. Viegas (Ed.)
Chapter 1 - Fire Risk Management

Table 4 - The stand flammability classes in relation to the forest habitat type and soil cover

Forest habitat Soil cover

type MSZ MSZC | NAGA | SZAD | SZCH | SCIO ZAD ZIEL
Bb B B B B B B B B
BMb B B B B B B B B
BMsw B B B
BMw
Bs
Bsw
Bw
L B B B B B B B B
LIG C C C C C C C C
LMb C C C C C C C C
LMsw B B B B B B B B
LMw B B B B B B B B
Lsw C C B B B C C C
Lw C C B B B C C C
Ol C C C C C C C C
OolJ C C C C C C C C

According to the elaborated method flammability classes were established for all sub-compartments
in Poland based on the data derived from Forest Data Bank, as on 31.12.2016. The largest area is
covered by the stands with "B" class, which constitute 51.5% of the total forest area, followed by "A"
class stands covering 27.9% of forest land. The less numerous are the stands marked as "C" class,
covering 20.6% of forest land in Poland. This data is close to the share of the forest land according to
the forest fire risk categories, which constitute (as on 31.12.2016) 34.7% for | category (highest risk),
46.79% 11 category (medium risk), and 18.4% for 111 category (low risk).

3.2. Mapping of forest fire risk according to flammability classes and fuel type.

The way of mapping forest risk is presented using part of the Regional Directorate in Katowice.
The forest area of the presented part (figure 2) is more than 65 000 ha and includes forest districts
marked as | and Il forest fire risk category. Figure 3 illustrates the classification of the stands using
flammability classes. The greatest share constitutes "B" class with 49.5% of forest land, followed by
"A" class with 34.3% of forest land and "C" with 16.2% of forest land. Figure 4 illustrates flammability
classes generalised to the level of compartment. In the last case the share of the "B" class is bigger
than above (50.8%), while the remaining classes constitute less than above ("A" — 34.1% and "C" —
15.1%). The third, the most general level of spatial accuracy, is the level of forest range and it is
illustrated on figure 5. In this case "B" share equals to 53.1%, followed by "A" class with 32.5% of
forest land and "C" class with only 14.4%.
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Figure 3 - The forest districts of Regional Directorate in Katowice according to the forest fire risk category with the
selected part for conducting forest fire danger mapping.
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Figure 3 - Forest fire danger map for Regional Directorate in Katowice - flammability classes at the sub-compartment
level.
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Figure 4 - Forest fire danger map for Regional Directorate in Katowice - flammability classes at the compartment
level.
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Figure 5 - Forest fire danger map for Regional Directorate in Katowice - flammability classes at the forest range
level.
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4. Summary

The current forest fire risk classification method enables determination of the forest fire risk
category in the macro scale; the smallest classified area is the forest district. There was no possibility
of estimating forest fire risk in the micro scale. It would be the significant premise to organise a more
efficient fire protection system, including creating the infrastructure and operational planning for
rescue services. It would be the fulfilment of the INSPIRE directive, which requires classification and
mapping of forest risk at that level. The elaborated method adopts forest habitat type as a base for
classification. Forest habitat types determine the type of soil cover fuel, which is measure of forest fire
susceptibility expressed by the number of forest fire and the burnt area. The sub-compartment is the
classified unit and it is possible to generalise it, according to the elaborated rules, up to the level of
compartment or forest range. The elaborated pattern, which includes flammability indices for the
number of forest fires and the burnt area between 2007 - 2017, enables determination of the
flammability class of forest stands as A - high class, B - medium class and C - low class, using forest
habitat type and soil cover type. The method presented in this paper can be used in practice. The most
detailed classification at the sub-compartment level might be useful for operational planning and
organisation of the rescue action. The compartment level could be used for planning forest fire trails,
water supply points and during suppression of large forest fires. The most generalised level, the level
of forest range, can be useful during elaboration of procedures in the event of forest fire, lookout towers
or equipment base localisation.
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