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As forests are affected by many different biotic, abiotic and anthropogenic factors, not all stands

(or parts thereof) survive the period of development for which a forest management plan is elab−

orated. On the other hand, due to the historical background, a part of the stands that should be

cut are spared, to go on to exceed the fixed cutting age. This situation prompts questions as to

how many stands are being cut (or destroyed by bio− or abiotic factors) and under what influ−

ences, as well as in regard to the level of exploitation of mature and over−mature stands that

takes place? Responding to such questions, the work forming the basis of the present study has

sought to estimate the probability of survival of stands in ten−year age classes, as against the

probability that shelterwood cutting will be commenced within them. The data used to do this

were collected by the Forest Management and Geodesy Bureau in line with Forest Management

Instructions (2003, 2012), in respect of 64 Polish forest districts located within 14 regional direc−

torates of the State Forests, and with a view to forest management plans being developed and

made available by the State Forests General Directorate. Specifically, data from forest manage−

ment plans elaborated in 2009 and 2010 were used, as were in essence repeat data (from Plans

elaborated for the same Districts 10 years later – in 2019 and 2020). The empirical survival of

stands in ten−year age classes was estimated by overlapping the vector map of stands of Forest

Districts with a 100×100 m grid of sample plots. The probability estimate was then achieved

using logistic regression in line with silvicultural method and the presence or absence of shel−

terwood cutting, and clear−cutting), as well as in respect of the six main tree species in Polish

forestry. In total, data were collected from 615,516 individual sample points, of which dominant

species in stands were Pinus sylvestris in 65.8% of cases, as compared with figures of 4.6% for

Picea abies, 5.7% for Alnus glutinosa, 5% for Fagus sylvatica, 11.4% for Quercus robur and Quercus
petraea and 7.6% for Betula pendula. Survival probabilities were found to differ between Forest

Management Units (FMUs) of different species, cutting age and silvicultural method. Thus, for

pine stands with a projected cutting age of 110 years, the probability of that the first age class

would transition into the second was only 96.4%, increasing slightly thereafter. Spruce stands

associated with the clearcut method had a relatively high probability of early mortality at 30−50

years of age (of about 5%), with this decreased in pre−mature stands. Among beech stands, there

was a clear decrease in the probability of survival in age classes 2 and 3 (11−20 and 21−30 years

old respectively). In the stands associated with the clear−cutting silvicultural method, the prob−

ability of that taking place was found to be even in each age class in mature and over−mature
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Introduction

Forestry differs from other types of rural economic method, with this difference of course seen

to lie in the long production period often over 100 years, the need for external criteria to being

taken account of in determining the moment of maturity of stands (or trees) in respect of their

being felled, the (consequent) ambiguity when it comes to the determination of yields, and the

large areas of land that have to be devoted to production (Klocek and Rutkowski, 1986). In the

course of the lengthy production referred to, cycle stands are exposed repeatedly to disturbances

or damage reflecting the action of biotic and abiotic factors (Orzechowski and Wójcik, 2014). 

Equally, both Polish and international legislation provide that forests should be managed

in a sustainable way (Act, 1991; Helsinki, 1993; Rykowski, 1994; Borecki and Stępień, 2017). Thus,

if forest management is to be both effective and sustainable, there will be a need for appropriate

planning (Bachman et al., 2002; Siry et al., 2005; MacDicken et al., 2015). And if that is also to

be denote responsible, then there will need to be access to data informing usefully to the extent

that ‘right’ decisions may arise (Miller and Mork, 2013).

The idea of forest sustainability was in fact established more than 300 years ago, with Hans

von Carlovitz’s publication of his Silvacultura Oeconomica. This event had a direct impact on the

ways and methods deployed in describing forest development, with the result being fuller per−

ception of information regarding forest as such, as well as the means of regulation and manage−

ment that might be applied to it (Klocek and Oesten, 1993; Lusawa, 2009). Indeed, the history

of both science and forestry indicates that the state of forests and the manner in which they

functions came to be learned about in relation to deterministic−mechanistic, deterministic−random,

and/or probabilistic concepts (Poznański, 2003). 

The first of these concepts can be related to the ‘normal forest’ model created by Hundeshagen

(1826; by Zabielski, 1976; Knoke et al., 2010). Indeed, this model was long the one underpinning

forecasts of the development of wood resources and used in determining final yields in forestry.

However, unrealistic assumptions such as constant yield, a lack of influence of external factors

on stands, constant economic conditions, and a constant structure ��������� wood resources all

served to trigger criticism of the ‘normal forest’ model (Möhring, 1986); with the effect that 

a ‘conceptual forest’ model was established (Sekot, 2012), as sometimes also called the ‘inten−

tional forest’ model. 

In essence, it proved possible to notice that over the aforesaid long production period a for−

est is affected by various factors independent of foresters’ decisions, such as gales (Everham and

Brokaw, 1996; Bruchwald and Dmyterko, 2012; Cannon et al., 2017), disturbances in water con−

ditions (Szwagrzyk, 2000; Bréda et al., 2006; Brodrick et al., 2019), wildfires (Kolström and

Kellomäki, 1993; Macias Fauria and Johnson, 2008; Szczygieł et al., 2009) or mass outbreaks of

insect pests or infectious fungal diseases (Liebhold, 2012; Flower and Gonzalez−Meler, 2015;

van Lierop et al., 2015). 
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stands. It was also shown that, in each case in which the cutting age had been exceeded after

some time, the probability of survival was greater with age, with the probability of a cut not

being below 25% in any age class.
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Poznański (2003) was thus able to list 10 situations in which a stand ended up being cut

before reaching maturity. These factors may relate to forest management, or be completely

independent of it, as when a road is constructed, for example. 

This all means that not all stands forming a given 10−year age class will actually transfer

through to the next (older) class during a 10−year period (the use of ten−year age classes proves

convenient when a Forest Management Plan covers a ten−year cycle). Following the afforestation

of a clear−cut or damaged stand part of the area of a given age class of stands transfers into the

first age class. 

In the ‘conceptual forest’ model, as related to the deterministic−random concept of learning

about reality, a narrow interpretation of the probability of survival and mortality of forest stands

is then used (Poznański, 2000). This probability is described using an exponential function (Lucas

and Andres, 1978 a, b) or using Markov Chains (Kouba, 1973, 1977; Klocek and Oesten, 1993;

Logofet and Lesnaya, 2000). The forecasting of forest development, performed with the use of the

special conceptual forest model, then has a deductive character (Poznański, 1982; Wysocka−Fijorek

and Zajączkowski, 2020). 

Another approach, based on the use of knowledge and empirical data, is the ‘real forest’

model (Rutkowski, 1971), and related to that is an inductive type of forecasting based on stand

survival that is determined empirically and subject to variation. This survival rate can be defined

by reference to that part of the forested area that exceeds a certain age in a given place and period

(Staupendahl and Möhring, 2011), as well as to dynamics of a forest (forest unit) that can be pre−

sented using a probability matrix for transitions between age classes (Poznański, 1973). 

Thus far, data on survival rates for individual age classes have been little known (Kouba,

1973, 2002; Gadow, 2000; Poznański, 2003; Holécy, 2009) and concerned mainly with pine stands.

It was therefore the aim of the work underpinning the present study to present the proba−

bility of transitioning from a given ten−year age class of stands to the next age class during 10 years,

in the face of the clear−cutting and shelterwood silvicultural methods, as well as (in the case of

shelterwood) the probability that shelterwood cuts will be commenced with in a given age class.

Materials and methods

The data used were collected by the Forest Management and Geodesy Bureau by reference to the

Forest Management Instruction (IUL, 2003, 2012), and in respect of 64 Polish forest districts

(Fig. 1), as in 14 of the country’s SF regional directorates. This was done with a view to forest

management plans being developed and made available by the SF General Directorate. Use was

made of data from the forest management plans drawn up in 2009 and 2010, as these could be

set against repeat data (from plans elaborated after 10 years – in 2019 and 2020) relating to the

same forest districts. These data related to locations of given stands, as well as sizes and shapes

(vector information), as well as the most important attributes in regard to dominant tree species,

stand age, cutting age (CA) and silvicultural method. 

The empirical survival rate of stands in ten−year age classes was determined using the

QGIS ver. 3.18.2 Zurich program, with a vector map of stands in forest districts in 2009 and 2010

overlain by a 100×100 m grid of sample points (these then corresponding with the minimum

stand area under the 2012 Forest Management Instruction). Each point in the grid was assigned

the attributes of the stand in which it was located, i.e. dominant tree species, age of dominant

species, silvicultural method, and cutting age. A vector layer with the contours of stands from

2019 and 2020 was superimposed on the grid of sample points, with the aim then being to

checked whether, at a given point after 10 years:
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– stand felling has taken place (transition to age class 1 (1−10 years old), taking into account

unregenerated areas),

– whether the forest stand has transformed to the regeneration class (regeneration class

means that in a given stand shelterwood cuts have been started, and seedlings and/or

saplings have appeared – in line with the 2012 Polish Forest Management Instruction).

It was determined that analyses should be carried out separately for Forest Management Units

(FMUs), where these are understood to be units in which stands are grouped under similar

habitat conditions, in relation to the same production goals and cutting ages), with management

then reflecting either shelterwood or clear−cutting silvicultural methods, and with this involving

the six most−important and dominant tree species present in Poland, as well as the cutting age

applied most frequently in regard to that species (Table 1). In total, data were collected from

615,516 points, of which the stands had Scots pine Pinus sylvestris L. as dominant in 65.8% of cases,

while the comparable figures for other species were 4.6% for spruce Picea abies (L.) H.Karst.,

5.7% for black alder Alnus glutinosa (L.) Gaertn., 5% for beech Fagus sylvatica L., 11.4% for oaks

Quercus robur L. and Q. petraea (Matt.) Liebl. and 7.6% for silver birch Betula pendula Roth.

The probability of a stand being subject to cutting (iu), or else to the commencement of

regeneration (iko), within a 10−year period in a given age class was then calculated for each

species and each cutting age, in line with the relevant age of the dominant species in the stand.

Logistic regression was applied, according to the formula:

i = 1 / (1 + exp(b0 + b1 · (ln(w))1 + … + bn · (ln(w)n)) [1]

where:

b0, b1, …, bn are coefficients of the equation,

w is the age of the dominant species in the stand.
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Fig. 1.

Forest districts on which the research was carried out
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Due to the expected large difference in values for cutting rates between mature stands (which

could reach this within a 20−year period, when the cutting age is 80 or more, or 10 years when

the cutting age is 70 or less); over−mature stands (in which the cutting age has already been

passed), as well as pre−mature stands (in which the minimum age of maturity is reached within

20 years when cutting age is 100 or more, or 10 years when cutting age is 90 or less); and younger

stands, a segmental regression form (consisting of two parts) was applied. To determine the joining

point for these two segments of the regression a moving average for each species and cutting

age was then used to depict changes in survival (Fig. 2). The probability of survival in a given

age class was calculated using the formula:

p = 1 – iu [2]

The coefficients of the equation [1] were calculated by performing progressive stepwise multi−

variate regression. Sequential logistic regression with two steps was performed in the case of the

shelterwood silvicultural method. In the first step, the probability of stand−cutting was calculated

– regardless of whether it was clear−cutting or shelterwood−cutting was to be involved. In the

second step, data on stands cut at a given age were used to calculate the probability of shelter−

wood cutting (i.e., transition to the regeneration class), by reference to: 

k = (1 – p) · iko [3]

where: 

k is the probability of the shelterwood cut, while p is as in formula [2].

The STATISTICA 13 (TIBCO, 2017) program was used to perform calculations.

Results

The survival rate of forest stands in FMUs subject to clear−cutting differed in relation to age

class and dominant species in the stand. In the first age class, not all pine stands passed on to

the next age class (Fig. 3). The probability of survival was 96.4% in the case of CA of 110 years,

while it increased slightly after that. A similar situation concerned FMUs with stands of black

alder and silver birch. In FMUs with a dominant pine stand and a CA of 100 years, the survival

probability decreased from the first age class (with a 98% value in the first class). The probability

of survival of spruce stands of the first age class in FMUs assigned to ultimate clear−cutting was

higher, amounting to 99%. The probability of survival of spruce stands in middle age classes (4−5)

on FMUs with a CA of 90 years was lower and amounted to approx. 95%. This means that in these

age classes the probability of survival was lower than in pre−mature stands. The probability of sur−

419

Dominant tree species Clear−cutting method Shelterwood method
in the Forest Management Unit studied cutting age [years]

Scots pine 100, 110, 120 100, 110, 120

Norway spruce 90 80, 90

Black alder 80 80

European beech 100, 110, 120

Oaks (pedunculate or sessile) 140, 160

Silver birch 80 80

Table 1.

Tree species, silvicultural methods and cutting ages applied in the research
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vival of the latter where other dominant species were present was lower, and reached 90% in the

case of pine stands of CA of 110 years. In all cases, the probability of the cut was not less than 25%.

In the case of stands of each of the analysed species, the probability of survival began to increase

following the attainment of a minimum value where the age of stands was about 20 years greater

than the cutting age. A good example of this phenomenon could be found in Scots pine FMUs

with a CA of 100 years, as well as in FMUs involving black alder. 

In the case of the shelterwood FMUs involving young age classes (1−4), certain stands also

passed through into the first class on account of premature cutting. Such a situation also applied

to some pre−mature, mature, and over−mature stands in FMUs of this type. In FMUs with beech,

the probability of survival in age classes 1 and 2 was reduced in the case of cutting ages of 100 and
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Fig. 2.

Survival probability (logistic regression) of oak's stands and survival moving average 

Fig. 3.

Survival probability of forests stands in  different age classes depending on the dominant species and the
cutting age in clear−cutting system
PA_90−Norway spruce−cutting age = 90; BPB_80−silver birch−cutting age = 80; PS_100/110/120−Scots pine−cutting age = 100/110/120;
AG_80−black alder−cutting age = 80
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110 years (Fig. 4). However, in relation to the CA of 110 years, the share affected by clear−cutting

was small in all age classes, in contrast to the CA of 100 years, where it amounted to even 11%

in certain age classes of over−mature stand. The probability of a stand transitioning to the regener−

ation class was already present in pre−mature stands, and reached its peak in age class 13, and

CA values of 100 and 110 years, as well as in age class 14 at CA of 120 years. The probability of

transition to the regeneration class in over−mature stands decreased with greater age, regardless

of the cutting age determined.

In the shelterwood FMUs with spruce stands, a probability of shelterwood cutting com−

mencing was already present in the middle age classes, in the case of CA of 80 years in age class

5. The probability of a clear cut was also of 2−5% in this age class (Fig. 5a, b). The highest prob−

ability of stands transitioning into the regeneration class was present in over−mature stands, but

decreased with age, as did the probability of transition to age class 1. FMUs with birch stands were

characterised by a relatively low probability of transition into the regeneration class (the highest

value being the 12.5% noted for age class 9) (Fig. 5c); and this probability was lower than that

of a clear−cut in mature and over−mature stands. In FMUs with oak stands, the probability of

transition to the regeneration class, or of clear−cuts being performed, was highest in over−mature

stands, reaching a peak value in age classes 15 and 16 at CA of 140 years, as well as in age classes

17 and 18 at CA of 160 years. Beyond that, there was a decrease with further age (Fig. 6a, b),

though in stands with CA of 160 years the probability of clear cut was over 10% in the oldest

age classes, even as with CA of 140 years it did not exceed 3.5%. 

Where shelterwood was concerned, FMUs with stands featuring black alder had a proba−

bility of going on to be cut not exceeding 50%. This was true whether it was clear−cutting or

shelterwood−cutting likely to be involved (Fig. 6c). In the young (1−5) age classes, the figure was

low, but – after attaining its highest value in connection with age class 10 – it declined beyond

that. In the shelterwood FMUs with pine stands, the greatest probability of transition to the

regeneration class was in stands of age classes that exceeded the cutting age by 10−20 years.

Subsequently, the trend was for lower values – in fact to a level below 10% in the case of the
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Fig. 4.

Probability of survival and transition to regenera−
tion class of beech forests stands in different age
classes depending on  the  cutting age in shelter−
wood system: a) cutting age = 100 years, b) cutting
age = 110 years, c) cutting age = 120 years

a)

c)

b)
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oldest age classes where CA was equal to 100 years (Fig. 7). The probability of transition to age

class 1 was especially high in age class 2 and over−mature stands, when CA was 110 years. The

probability relating to stands being cut also differed between pine stands of different cutting

ages. In the case of CA of 120 years, the probability of clear−cutting going ahead did not exceed

the value of 1% in any age class, while with CA of 110 years in the second class the figure was

about 5%. The trend with advancing age was then for decrease, as followed by re−increase up

to a point of culmination 30−40 years beyond the cutting age. The probability of transition to

the regeneration class was the highest in over−mature stands, but as in the cases of other species,

this was progressively lower where greater and great ages were concerned.
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Fig. 5.

Probability of survival and transition to regenera−
tion class off forests stands in different age classes
depending on  the  cutting age in shelterwood sys−
tem: a) Norway spruce – cutting age = 80 years, 
b) Norway spruce – cutting age = 90 years, c) silver
birch – cutting age = 80 years

Fig. 6.

Probability of survival and transition to regenera−
tion class of  forests stands in different age classes
depending on the cutting age in shelterwood system
a) oak – cutting age = 140 years, b) oak – cutting age
= 160 years, c) black alder – cutting age = 80 years

a)

c)

b)

a)

c)

b)
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Discussion

The survival of forest stands is determined by various factors relating to the stand itself, such

as mechanical stability (Peltola et al., 1997; Wilson and Oliver, 2000), species diversity, concor−

dance between species composition of the stand and habitat (Stępień et al., 2019), or the vicinity

of stands, the combined effect of which affects the possibility of destructive external phenomena

arising, due to biotic, abiotic or human−determined factors. The most important among these are

gales (Bruchwald and Dmyterko, 2010), droughts (Gruber et al., 2010; Steinkamp and Hickler,

2015), frosts, snow, wildfires (Szczygieł et al., 2009), insects, pathogenic fungi (Sierota et al., 2019),

the action of game animals, and industrial pollution (Akkerman, 1987; Greszta, 1987). In the current

realities of forestry, there is an increase in levels of threat and risk arising out of climate change

(Zajączkowski et al., 2013; Jarzyna, 2021), the increasing levels of damage being sustained by forests

(Hanewinkel et al., 2013) (as well as in the forest environment), and increased ‘rivalry’ between

different forestry tasks, especially where those involving production are set against the require−

ments of nature conservation and protection of the landscape (Minsch, 1992; Stępień et al., 2019). 

The presented models for stand survival in different age classes offer a synthetic encapsu−

lation of the possibility of further development of stands, or of their being cut, in relation to envi−

ronmental factors biotic or abiotic, as well as in direct or indirect connection with forest management,

or in total isolation from it. 

Through until now, such information has only been known to a limited extent, being related

to the unplanned cutting of stands, with no connection being established with shelterwood FMUs.

Only Poznański (2003) attempted such a synthetic assessment, albeit solely for the clear−cut

system in stands of Scots pine. Data on stand mortality were also made known by the work of

Kouba (2002) – who argued that the risk of a stand being cut in its entirety or in part was greater

with increasing age; and by that of Holécy and Hanewinkel (2006), who proposed applications

of the risk of damage to stands for insurance purposes. However, the latter work focused mainly

on spruce stands, and was based on the analysis of only certain age classes, and across a limited

area. Möhring et al. (2010) presented the survival rates of stands according to the Weibull func−
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Fig. 7.

Probability of survival and transition to regenera−
tion class of forests stands in different age classes
depending on the cutting age in shelterwood system
a) Scots pine – cutting age = 100 years, b) Scots pine
– cutting age = 110 years, c) Scots pine – cutting age
= 120 years

a)

c)

b)
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tion depending on the indicator related to what initial part of the stand area has survived to an

age of hundred years (as therefore very closely related to the idea of the conceptual forest and

OPAL model), as well as the á parameter, which characterises the distribution of risk across age

classes. 

A similar approach was also followed by Staupendahl and Möhring (2011), who deter−

mined the survival function with age, albeit for a constant probability at an age of 100 years set

at a level of 0.6. Staupendahl and Zucchini (2011) estimated the risk of stands dying as a result

of random factors in relation to 5 species groups of different ages. In that work too, the highest

risk was noted for spruce stands, amounting to about 30% at an age of 100 years. Holécy (2009)

presented the probability of destruction of stands of Norway spruce, silver fir, larch, Scots pine,

and oak (including beech), where these belonged to individual age classes and were distributed

across Slovakia. He found that the probability of dying was highest in the young age classes,

then decreasing and not usually exceeding 5% at any stage. These results therefore pointed to

a phenomenon different from the one observed in this study.

Our obtained results indicate that middle−aged forest stands and those in young age classes

are at risk of being cut prematurely, regardless of either the species of tree that prevails or the

silvicultural method. However, some species (such as spruce) are more vulnerable to being cut

or damaged in middle age, probably given the more−limited resistance to destructive factors

(Bruchwald and Dmyterko, 2010; Pretzsch et al., 2014; Orphan et al., 2019). Ultimately, the prob−

abilities of survival estimated for spruce stands are similar to with the results obtained by Höller

(2009). On the other hand, oak and beech stands were characterised by a relatively low proba−

bility of survival in the youngest age classes, perhaps as a result of the impacts of wet snow

(Nicolescu et al., 2004), insects feeding on roots, or increased pressure imposed by ungulates. 

In each case, irrespective of the dominant tree species, cutting age, or the silvicultural

method, there is a probability that over−mature stands will arise. Furthermore, the probability

of a stand surviving after the minimum value has been reached is seen to increase at greater

stand age. This may reflect the way in which decisions not to cut over−mature stands are made

frequently on an arbitrary basis at forest district level – in line with the presence of valuable nat−

ural features, for example (Kašpar et al., 2015). After all, once a certain age has been exceeded,

stands become more complex as regards species composition and variability in terms of age, with

the effect that, should individual trees die, these are replaced by others from younger tree−layers.

According to Kłapeć et al. (2009), the share of over−mature stands in Poland had exceeded 5%

by 2008, with it not being possible to reduce the area covered by this group of stands to any great

degree, given the very complex reasons accounting for their creation in the first place. 

Numbers should be controlled, however, despite the difficulty in line with the tendency

for cutting age to decrease. The creation of such stands, apart from the obvious advantages of

increasing biodiversity in older forests, ensures the possibility of wood raw−material decay

(Poznański, 2012; Klimek et al., 2018), which is not optimal from the point of view of stand cut−

ting−ages being adjusted in line with the need for carbon dioxide from the atmosphere to be

sequestered (Wysocka−Fijorek and Zając, 2016), or from the economic perspective (Parzych et al.,
2018). According to the authors cited, the optimal cutting age for pine in the first site class

would be 56 years. However, old−growth stands with dead trees may store a lot of carbon (Jacob

et al., 2013). Although the cutting age of a given stand may differ from the average cutting age,

depending on the species composition or technical quality, a failure to heed cutting age does

represent a non−heeding of goals in line with which for cutting age is determined in the first

place, notably the adopted production−related goal. Equally, exact heeding of a cutting age set
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will never prove possible, as a forest is a biological system open to the influence of natural and

human−induced environmental factors (Poznański, 2005).

The results estimated for birch stands in the context of the clear−cutting silvicultural

method are surprising, because, irrespective of the method, in mature and over−mature stands

there is a greater probability of the first age class being transitioned into than the regeneration

class. In each case, the probability of the latter happening is greatest in over−mature stands, with

this therefore offering an indication that cuts have usually been embarked upon too late, in

terms of cutting age.

Equally, it is important to stress that cutting age should not be the final criterion that qual−

ifies a specific stand for felling, but only an element helpful in planning the final yield for an

entire area. The results obtained may in some way tend to confirm this thesis (Smykała, 1993).

Such data on the survival of stands as are dealt with here could be used to estimate the risk

of premature cutting (or dieback) of stands, or to predict the accumulation of over−mature stands.

They can also serve as a basis upon which to forecast the development of wood resources

(Poznański, 1982, 1983; Głaz, 1997). The application of such data to calculation of final yield is

an unused advantage when it comes to the probability of survival of stands. Such data will gain

in importance shortly, due to the growing need for unplanned yield to be forecast (in relation to

biotic and abiotic factors). 

On the other hand, the subject matter is definitely a ‘hot topic’ as Poland’s forestry circles

must regularly fend off accusations from both at home and abroad, to the effect that there is exces−

sive cutting of the country’s old forests. The presented analyses go some way to contradicting

that suggestion, as a rather large part of the old forests in Poland are probably left for natural

development, even when it comes to stands whose leading function is production−related. The

situation in which the cutting rate in any age class, in any species and under any type of silvi−

cultural management, is not 100%, and is often within the 50−60% range, also points to cutting

not proving possible in reality, in connection with a disturbed spatial order among stands. 

Conclusions 

� Irrespective of tree species, stand age class, cutting age, and silvicultural method, not all stand

areas go on to transit into older age classes. This means that factors affecting forest stand mor−

tality are important in every year of the life of a forest. This point of view should be developed

when it comes to forecasting a final yield in line with increasing unplanned yield.

� In line with the shelterwood silvicultural method, certain stands in each age class (and even

therefore those that are mature or over−mature) gain utilisation by way of clear−cutting. This

shows that, notwithstanding the silvicultural method whose application is intended, it is not

always possible for shelterwood cutting to be engaged in.

� The probability of an over−mature stand being felled usually decreases with age, with the

effect that there is accumulation, with this potentially leading to less carbon being sequestered,

and a loss of full−value timber being incurred. This situation arises where the spatial ordering

of stands is wrong, or else where other factors dependent on human decisions are present.

� The level of utilisation of stands in any age class never achieves 100%. This result shows how

it is not possible for every part of a forest management plan to be pursued, with this also prov−

ing forecastable in some parts.

� The probability of survival demonstrated in this study might gain application as final yields

for forest management plans developed in Poland are determined. This might help with the

forecasting of unplanned cuts arising through the increased impact of biotic or abiotic factors.
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Streszczenie

Przeżywalność drzewostanów w klasach wieku 

Na lasy wpływa wiele różnych czynników biotycznych, abiotycznych i antropogenicznych. Nie

wszystkie drzewostany (lub ich części) dożywają do końca okresu, dla którego opracowywany

jest plan urządzenia lasu. Z drugiej strony, ze względu na uwarunkowania historyczne, niektóre

drzewostany, które powinny być użytkowane rębnie, są pozostawiane na pniu i przekraczają usta−

lony wiek rębności. Sytuacja ta skłania do postawienia pytania: ile drzewostanów jest użytkowa−

nych planowo (lub niszczonych przez czynniki biotyczne i abiotyczne) w danym okresie (na ogół

przyjmuje się 10 lat) i co na to wpływa, a także jaki jest poziom użytkowania drzewostanów ręb−

nych i przeszłorębnych? W niniejszej pracy oszacowano prawdopodobieństwo przeżycia drzewo−

stanów w dziesięcioletnich klasach wieku i – jako dopełnienie tej wartości – prawdopodobieństwo

wykonania cięcia zupełnego lub rozpoczęcia cięć złożonych. Wykorzystano dane zebrane przez

Biuro Urządzania Lasu i Geodezji Leśnej dla 64 nadleśnictw (ryc. 1) na potrzeby sporządzenia

planów urządzenia lasów, udostępnione przez Dyrekcję Generalną Lasów Państwowych. Użyto

danych zawartych w planach urządzenia lasów z lat 2009 i 2010 oraz z późniejszych o 10 lat planów

dla tych samych nadleśnictw z lat 2019 i 2020. Dane te zawierały informację wektorową o poło−

żeniu danego drzewostanu, jego wielkości i kształcie, a także najważniejsze informacje taksa−

cyjne. Empiryczną przeżywalność drzewostanów w dziesięcioletnich klasach wieku określono,

wykorzystując program QGIS ver. 3.18.2 Zurich, nakładając na mapę wektorową drzewostanów

nadleśnictw z lat 2009 i 2010 siatkę punktów próbnych w więźbie 100×100 m. Każdemu punk−

towi przypisano atrybuty drzewostanu, w którym się znajdował. Na siatkę punktów próbnych

nałożono warstwę wektorową z konturami drzewostanów z lat 2019 i 2020, a następnie spraw−

dzono, czy w danym punkcie po 10 latach wystąpiło wycięcie drzewostanu (przejście do 1 klasy

wieku lub do kategorii powierzchni nieodnowionych) lub zainicjowanie cięcia złożonego (i przejście

drzewostanu do klasy odnowienia). Postanowiono, że analizy zostaną przeprowadzone oddzielnie

dla gospodarstw zrębowych (GZ) i przerębowo−zrębowych (GPZ) dla 6 najważniejszych gatun−

ków lasotwórczych Polski przy najczęściej stosowanych wiekach rębności (WR) (tab. 1). Łącznie

zebrano dane z 615 516 punktów, z czego na drzewostany z danym gatunkiem dominującym

przypadło: 65,8% na sosnę, 4,6% na świerk, 5,7% na olszę czarną, 5% na buk, 11,4% na dąb i 7,6%

na brzozę. Prawdopodobieństwo wycięcia drzewostanu lub rozpoczęcia cięć złożonych w ciągu

10 lat w danej klasie wieku obliczono dla każdego gatunku i każdego wieku rębności w zależ−

ności od wieku gatunku panującego w drzewostanie. Zastosowano regresję logistyczną – wyko−

nując obliczenia oddzielnie dla drzewostanów młodszych i starszych ze względu na przewidywaną

różnicę wyników, przy czym podział na te dwie grupy został dokonany po zastosowaniu średnich

ruchomych (ryc. 2). Stwierdzono, że prawdopodobieństwo przeżycia drzewostanu różni się w za−

leżności od gospodarstwa, gatunku panującego i wieku rębności. I tak dla drzewostanów sosno−

wych w gospodarstwach zrębowych o wieku rębności 110 lat prawdopodobieństwo ich przejścia

z pierwszej (dziesięcioletniej) klasy wieku do klasy drugiej wynosiło tylko 96,4%, a następnie

nieznacznie się zwiększało (ryc. 3). Prawdopodobieństwo przeżycia drzewostanów świerkowych

w średnich klasach wieku (4−5) w gospodarstwach z wiekiem rębności 90 lat było mniejsze i wy−

nosiło około 95%. W drzewostanach bukowych w gospodarstwach przerębowo−zrębowych odnoto−

wano mniejsze prawdopodobieństwo przeżycia w pierwszej i drugiej klasie wieku w przypadku

wieków rębności 100 i 110 lat (ryc. 4). Przy wieku rębności 110 lat udział cięć zupełnych był zni−
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komy we wszystkich klasach wieku, w odróżnieniu od gospodarstw z wiekiem rębności 100 lat,

gdzie był on znaczny nawet w drzewostanach przeszłorębnych. W drzewostanach świerkowych

w gospodarstwie przerębowo−zrębowym prawdopodobieństwo rozpoczęcia użytkowania rębniami

złożonymi było relatywnie duże już w średnich klasach wieku, a w przypadku gospodarstw z wie−

kiem rębności 80 lat było duże już w 5 klasie wieku. Prawdopodobieństwo wykonania cięcia

zupełnego wynosiło w tej klasie wieku od 2 do 5% (ryc. 5a, b). Drzewostany brzozowe charaktery−

zowały się stosunkowo małym prawdopodobieństwem przejścia do klasy odnowienia (największa

wartość 12,5% w 9 klasie wieku) (ryc. 5c) i było ono mniejsze od prawdopodobieństwa cięcia

zupełnego w drzewostanach rębnych i przeszłorębnych. W drzewostanach dębowych prawdo−

podobieństwo przejścia do klasy odnowienia lub wykonania cięć zupełnych było największe 

w drzewostanach przeszłorębnych i osiągało kulminację w 15 i 16 klasie wieku w gospodarstwach

z wiekiem rębności 140 lat oraz w 17 i 18 klasie wieku w gospodarstwach z wiekiem rębności 160

lat, następnie zmniejszało się wraz z wiekiem (ryc. 6a, b), przy czym w gospodarstwach z wie−

kiem rębności 160 lat prawdopodobieństwo wykonania cięcia zupełnego wynosiło ponad 10% 

w najstarszych klasach wieku, a przy wieku rębności 140 lat nie przekroczyło 3,5%. W drzewo−

stanach olszowych w gospodarstwie przerębowo−zrębowym prawdopodobieństwo wykonania

cięcia zupełnego lub zainicjowania cięć złożonych nie przekroczyło 50% (ryc. 6c). W młodszych

klasach wieku było ono niewielkie, a po kulminacji w 10 klasie wieku zmniejszało się. W drzewo−

stanach sosnowych w gospodarstwach przerębowo−zrębowych największe prawdopodobieństwo

przejścia do klasy odnowienia stwierdzono w drzewostanach klas wieku, które przekroczyły

wiek rębności o 10−20 lat, a następnie prawdopodobieństwo to zmniejszało się do poziomu nawet

poniżej 10% w najstarszych klasach wieku w gospodarstwach z wiekiem rębności 100 lat (ryc. 7).


