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Abstract: The extremely dynamic development of calamities caused by the effects of global climate change followed
by the spread of under-bark insect pests mainly in coniferous stands and the ongoing incidental felling have raised con-
cerns in the woodworking industry about the developments in the source material with respect to ensuring production
in a short-term view. Since the overall standing stock in spruce stands of all age classes in the Czech Republic amounts
to 399.6 million m® (2017-2026) and the theoretical outlook of the logging potential based on the percentage of logging
accounts for 112.62 million m3 (2017-2026), the concerns might be deemed justified. The article presents an updated
view of the current situation based on official statistics and offers an analytic prediction of the possible development,
considering the possible consequences, even in the production of the forestry sector. The statistical data on the current
situation have been compiled for the last two decades of development. The results show that with a continued high
rate of bark beetle calamities, assuming a total annual cutting with a permanent limitation on the planned harvests
of more than 30 million m?, the complete stands of spruce from age class 5 onwards could be harvested in approximately
14-16 years.
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Global climate change and its impacts on European
forests are currently a major concern for the forestry
sector and for all the related sectors (see e.g. Linder
et al. 2014; Ding et al. 2016; Ruiz-Benito et al. 2020;
Bartaetal. 2021). As mentioned by Barta et al. (2021),
massive bark beetle outbreaks have caused the wide-
spread loss of coniferous, mainly economic, spruce
stands in Central Europe in recent decades.

The current development of the state of Czech for-
ests caused by the effects of global climate change
and the associated extreme spread of bark beetle
infestations, and the ongoing droughts, which have
been increasing since 2016, pose a significant threat
in the prognoses of the use of the raw material for
the entire woodworking industry and the other
downstream sectors, which expect growth in the
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upcoming years based on the prognoses. To sup-
port the statement, we can mention that, in the
European Union, the supplies of raw wood from
the forestry sector (for the woodworking industry)
amounted to almost 36% in 2019, while the sec-
ondary processing (recycled material) for the pro-
duction of goods made of wood, pulp, and paper
amounted to nearly 47%. As for the utilisation
ofbiomassin the energy sectors in the Czech Repub-
lic, its proportion in the overall energy basis is only
2.7%, while the proportion amounts to 7.5-13.1%
in some other countries, such as Germany, Fin-
land, or Denmark. The information published
in the Panorama of Manufacturing Industry of the
Czech Republic in 2018 (Ministry of Industry and
Trade 2019) also confirms the fast-growing trend
in building wooden houses in the building industry.
The increase in this segment was 36% year-on-year,
which represented an increase in the construc-
tion by more than 1 060 wooden houses com-
pared to 2017. The merits of the assertion of the
increasing capacities of woodworking companies
can be supported by the increase in the produc-
tion of Cross-Laminated Timber (CLT), Konstruk-
tionsvollholz (KVH), Laminated Strand Lumber
(LSL), and Laminated Veneer Lumber (LVL) build-
ing materials. This growth is also visible from Stora
Enso’s reports from July and August 2019 that men-
tion an increasing trend in the current processing
capacities in more regions of the Czech Republic
(an increase in Zdirec by 120 000 m®) and in the
opening of a new plant in Sweden with the capacity
of 100 000 m? in reaction to the immense global de-
mand for CLT boards. Reportlinker (2019) also ex-
pects a rise in the demand for LSL and LVL boards.
According to the report, the market with layered
materials reached a value of 2.33 billion USD
in 2018. The demand is expected to rise to 4.23 bil-
lion USD by 2024. Although the biggest proportion
of the market is in North America, growth pros-
pects are also foreseen in Asia, Europe, Latin Amer-
ica, the Middle East, and Africa (Michal 2020).

In 2018, there was a dramatic deterioration of the
production conditions in forests and the down-
stream forest-based sector. The year 2018 was ad-
verse due to extreme weather conditions, unevenly
distributed precipitation and extreme tempera-
ture events, which led to the further progression
of bark beetle disasters and the consequent eco-
nomic problems in the whole primary production
sector of forest management as well as in the com-
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plex of downstream sectors (Safafik et al., 2019).
At the beginning of 2018, it was still assumed, based
on the preceding development and the available
logging capacities, that the total raw timber harvest
in the Czech Republic would reach the maximum
of 17.5-18.0 mil. m® (Ministry of Agriculture, 2022).
However, those figures deviated from the final log-
ging value of 2018 by approx. 27% as it reached
23.01 mil. m3 due to the bark beetle disaster. Of this
figure, the salvage cutting resulting from the bark
beetle disaster amounted to 13.06 mil. m3, which
is an increase of 123% compared to 2017 and twen-
ty times the regular annual logging caused by bark
beetles. This issue and its aspect have already been
addressed by Safarik et al. (2019).

The Ministry of Agriculture of the Czech Repub-
lic in the Forest Management Section states that
seven of the thirteen regions of the Czech Repub-
lic were most affected by the bark beetle calamity,
although the infestation occurred throughout the
entire national territory. The maximum annual
logging capacity currently available in the Czech
Republic is estimated at 30-35 million m?3. The av-
erage monthly output is 2.5-3 million m? (Ministry
of Agriculture, Forest Management Section 2019).

The forest calamity management strategy of the
Ministry of Agriculture of the Czech Republic states
that in extreme summer months, the monthly need
to process harvested bark beetle infested wood
can exceed 3 million m?in some regions (Ministry
of Agriculture, Forest Management Section 2019).

The aim of the paper is to analyse and predict
the possible development of the logging possibili-
ties and its impact on the forestry and the related
sectors based on the current data and the current
situation in the forests in the Czech Republic. The
hypothesis chosen for the paper was: In the case
of the continued rate of bark beetle calamities,
with the total annual harvest of 30 million m3 even
with a reduction in the planned harvests, the total
growing stock of spruce of age class 5 and older will
be harvested in approximately 14—16 years. The
statistical data on the current situation have been
compiled for the last two decades of development.
A wood supply model with the current increment
will be used for the solution.

MATERIAL AND METHODS

The methodological procedure for determining
whether the stated hypothesis could be confirmed,
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rejected or modified using the current increment
harvest model was divided into two phases. The
first phase was secondary research aimed at as-
sessing the current state of the problem by means
of a literature search of the available external and
internal materials. The methodology published
by Safafik et al. (2019) was used to analyse the lit-
erature sources.

The primary research used the methods of a com-
parative analysis and prediction, as well as the
methods used by the Forest Management Institute
in Brandys nad Labem (Czech Republic) and the
European Forest Dynamic Model (EFDM).

The main external materials were the Reports
on the State of Forest and Forest Management in the
Czech Republic (Ministry of Agriculture 2022).
Data and information from the reports were used:

(¢) to identify the beginning of the conifer stand
dieback and bark beetle calamity in the Czech Re-
public, which is determined as the year 2015 due
to the extremely dry summer;

(ii) to establish a three-year time horizon to model
the development of the total and unplanned harvests;

(iii) to model the overview of the cutting possi-
bilities by region and the assortment structure;

(iv) to calculate the theoretical outlook for the
potential wood supply in the Czech forests by re-
gion, regeneration and cleaning and thinning and
tree species groups. The woody species were di-
vided into two groups for the analysis. The group
referred to as spruce include spruce, pine and oth-
er conifers. The group referred to as oak includes
oaks, beeches and other broadleaves species;

(v) to model the theoretical outlook of the species
composition in the Czech Republic and the regions
and to determine the basic assortment structure.

From the internal materials, the analysis was
mainly based on the partial outputs of the proj-
ect “Potential of structural changes in sustainable
forestry and wood processing” NAZV QK1820358
solved by the Department of Forest and Wood
Products Economics and Policy of the Faculty
of Forestry and Wood Technology, Mendel Uni-
versity in Brno in the years 2018-2020 (Research,
Development and Innovation Information System
2022). The outputs of the project that have been
used for the analysis in this paper include calcula-
tions of the material and value flows of raw timber
in the forestry and downstream industries.

According to the methodology of Safatik et al.
(2019), the input data on timber cutting in the

Czech Republic until 2017 were divided into two
groups of tree species - coniferous and deciduous.
The input data were:

(i) a comparative analysis of the impact of salvage
logging on the timber market in the Czech Repub-
lic was performed,

(ii) a correlation between the cutting indicators
and the relationship of the main commercial as-
sortments was established,

(iii) an overview of the cutting possibilities and
a development model of the total timber cutting
were compiled,

(iv) a prediction of the development of the cutting
possibilities and the raw material base was made,
including standardised needs of the forest-based
industry, considering the expected increase in the
dendro-mass left in the stands for decomposition.

Currently, the Forest Management Institute
in Brandys nad Labem is dealing with this issue.
The growing stock estimates are based on the data
obtained within the project “Monitoring the Sta-
tus and Development of Forest Ecosystems” (Sle-
dovani stavu a vyvoje lesnich ekosystémi, SSVLE),
which was launched in 2016 and follows the second
cycle of the National Forest Inventory of the Czech
Republic 2011-2015 (NIL2). Based on a mandate
from the Ministry of Agriculture, the Forest Man-
agement Institute is carrying out this survey in the
period between the end of NIL2 to the beginning
of the next NIL cycle, i.e. between 2016—2020. The
methodology and scope of the data collection,
the SSVLE corresponds to NIL2 (UHUL 2020).

In addition, the European Forestry Dynamics
Model (EFDM) methods were used. The EFDM
simulates the forest development and estimates the
volume of wood harvested for any given forest area.
This estimate can be broken down by, for example,
species, habitat quality, management regime and
ownership category.

The EFDM was conceived as a flexible system for
harmonised forestry modelling. It has been devel-
oped to process data from Europe’s National For-
est Inventories. As these data are not standardised
or necessarily available outside the country of their
ownership, the EFDM was developed as a modu-
lar system in freely available software R (Packalen
et. al 2014). In applying the findings and informa-
tion from the paper, the EFDM methods were also
used, which emerged from a collaboration between
the European Commission’s Joint Research Centre
and its partners in EU Member States to develop
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a forestry dynamics model. The model works with
an interface of different climate, economic, and
management scenarios. The input data for the
scheme at the national level are information gath-
ered from the National Forest Inventory (NIL 2).

Various indicators can be used to access the per-
formance of the forestry sector. For the purpose
of this paper, an index measuring the gross value
added (GVA) and the production of the forestry
sector in value terms (PFS) has been used. The cal-
culation is as follows [Equation (1)]:

GVA

Index = —— (1)
PFS

where:

GVA - gross value added;

PFS - production of the forestry sector in value terms.

The data for the calculation were obtained from
the “Economic Accounts for Forestry and Logging”
for the period 2015-2019. These data are publicly
available on the website of the Czech Statistical Of-
fice (CSU 2022) and are also presented in the Status
Reports on Forest and Forest Management of the
Ministry of Agriculture of the Czech Republic
(Ministry of Agriculture 2022).

According to the CSU (2022), PFS represents the
total final production of the forestry sector that
leaves the sector. This is mainly wood production.
GVA represents the final effect of the forestry sec-
tor measured by the difference between the final
output of the forestry sector and the intermediate
consumption. It is expressed in basic prices.

For the conversion of Czech crowns to Euros,
the exchange rate prices of the Czech National
Bank (CNB) for the period 2015-2019 were used
(CNB 2022).

RESULTS

The perspective of the future 10-year develop-
ment of the area distribution of the individual age
classes of coniferous trees of the spruce group
is presented in Table 1.

Figure 1 shows the predicted development
in the spruce standing stock in 2017-2057 to the
significant decline in the potential wood supply
in 2027-2046. Figure 2 illustrates the predicted
development in the 10-year spruce potential wood
supply in 2017-2057 derived from the cutting per-
centage and confirms the decline in the potential
wood supply in 2027-2046. A theoretical overview
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Table 1. Prediction of the development of the area dis-
tribution of spruce age classes in the period 2017-2057

Decade

Age class 1= o 3 o0

1 102 825 179737 128 831 114 584
2 102 908 102 825 179737 128 831
3 116 500 102 906 102 823 179 734
4 91 217 116 483 102 887 102 811
5 100 764 91 184 116 379 102 800
6 86 710 100 706 91 096 116 145
7 75610 86 346 100 458 90 854
8 109 424 74 965 85735 99 855
9 117 011 106 157 72976 83 632
10 91 872 102 160 92 651 64 437
11 91 622 64093 73 467 66 256
12 66 800 46 429 35 656 41921
13 34292 21 075 17 632 14573
14 17 861 9372 7 205 6210
15 8438 7 439 4381 3242
16 3823 4525 3761 1567
17+ 2 690 3 964 4693 2913
Total 122036 1220367 122036 1220367

Source: UHUL (2019) in Safatik et al. (2019)

of the assortment possibilities for the spruce group
is shown in Figure 3. Figure 4 presents the theoreti-
cal outlook of the assortment possibilities for the
oak species group. Figure 5 presents the theoretical
outlook for the 10-year cutting possibilities (of cut-
ting percentage) for the oak woody species.
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Figure 1. Prediction of the development of spruce growing
stock in stands in the period 2017-2057

Source: UHUL (2019) in Safafik et al. (2019)
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Figure 2. Prediction of spruce cutting potential in the period 2017-2057

Source: UHUL (2019) in Safaiik et al. (2019)

The development of timber cutting in the Czech
Republic in 2000-2020 by tree species is pre-
sented in the graph in Figure 6. It is clear from
the graph in Figure 6 that, if the bark beetle ca-
lamity continues at the same rate and intensity,
the total annual harvest will reach more than
35 million m? with a permanent reduction in the
planned harvest.

The development of the composition of the wood
assortment in the period 2000-2020 is shown
in the graph in Figure 7. The forecast of the 10-year
timber cutting in relation to the current trends for
period of 2017-2027 is presented in Figure 8.

The graph in Figure 9 shows the correlation be-
tween the development of the salvage cutting and
the total cutting.
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Figure 3. Prediction of assortment possibilities for spruce in the period 2017-2057

Source: UHUL (2019)
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Figure 4. Prediction of oak cutting potential in the period 201
Source: UHUL (2019)

The dependence of the salvage cutting and the
total cutting was supplemented with a trend (log-
arithmic) with the highest coefficient of deter-
mination R* = 0.9643 (i.e. correlation coefficient
of R = 0.9819, this shows a strong dependence).

The graph in Figure 10 shows the correlation be-
tween the export value of the raw timber and the
total cutting.

The dependence of the raw wood exports of the
raw timber was supplemented with a trend (poly-

7-2057

nomial) with the highest coefficient of determi-
nation R?> = 0.8599 (i.e. a correlation coefficient
of R = 0.9273, this shows a strong dependence).

Table 2 shows the gross balance of the consump-
tion and export of the raw timber up to 2019.
It shows that there is approximately 1-2 million m?
available for additional imports of certain wood
species and assortments, mainly pine.

Based on the analyses of the data and informa-
tion from the Reports on the State of Forest and

® 14000 -
::/S 12 124.63
< 12000 |
3
g 10000 9 682.62 9331.76 99291.31 9131.49 —m—regeneration felling
5 i
=
]
g 8000 - 6471.65 —@—improvement cutting + 15%
% 5757.86 5979.15
. 6000 | ' |
o total cutting
£ 4000 | 2860.11 593346 3.552.34
e 2442.01 ’
3
a) 2000 4
£
H
0 r r r r ,
1 2 3 4
Decade

Figure 5. Prediction of oak 10-year cutting potential
Source: UHUL (2019)
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Figure 6. Development of timber cutting in the Czech Republic in the years 2000-2020 by tree species

Source: own processing
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Figure 7. Development of assortment composition of wood in the years 2000-2020

Source: own processing
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Figure 8. Prediction of 10-year timber cutting depending on current developments for the period 2017-2026

Source: own processing

40 |
35
30
25
20

15 | ®

Total cutting (mil. m3)

10 4

y = 33.97In(x) — 87.472

R*=0.9643 ¢

.

Figure 9. The dependence
between the development

14 19 24 29

Salvage cutting (mil. m?)

Forest Management in the Czech Republic (Minis-
try of Agriculture 2022), the following conclusions
can be drawn:

(i) based on the increasing trend of unplanned
cutting in the period 2000-2017, a share of the
unplanned cutting of at least 61% can be assumed
in the period 2019-2028 in the total cutting
in the Czech Republic. This statement is supported
by the strong correlation between the develop-
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of salvage cutting and of total

34 39 cutting

Source: own processing

ment of the salvage cutting and the total cutting
(see Figure 9). Significant differences between the
individual regions of the Czech Republic can also
be expected. The reason for this is the different
temporal and spatial pattern of the unplanned cut-
ting of wood infested with bark beetles.

(ii) if the year 2017 is taken as the basis for the
forecast, with an annual harvest of 19.39 million m?
and an 85% share of spruce, a constant or increasing
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trend in these shares can be assumed. If the annual
volume of cutting between 2019 and 2028 reaches
22-25 million m3, which corresponds to the cur-
rent maximum cutting capacity available in the
Czech Republic, then the annual share of spruce
in the cutting will be at least 20 million m?, exclud-
ing other predominantly broadleaved species.

(i) from the results of the analysis of the cutting
potential and timber flows, it is possible to predict
a more significant decline in the cutting poten-
tial from 2027 onwards, based on the unplanned
harvest to date, the decline in the increment and
harvest percentage. This is assuming a minimum
10-year total volume of 42.4 million m3 corre-
sponding to an annual decline of 4.3 million m?.

(iv) in the period of 2027-2036 (i.e. in the sec-
ond decade), the 1% age class will be reduced by ap-
proximately 80% and the total standing stock will
fall below 600 million m? of wood. From the middle
of the second decade, around 2030, a sharp decline

Table 2. Gross balance of consumption and export of raw
timber up to 2019

Item mil. m®
Total annual cutting 30-32
Domestic consumption® 15-16
Intra-Union trade end exports including 15-16

growth excluding EEA

*including the increase in capacity of LabeWooD and Mondi

Stéti; EEA — European Economic Area

tween the export of raw timber

34 39  and total cutting

Source: own processing

in the production of coniferous roundwood for
sawmilling can also be expected.

In terms of the assortment structure, it was found
that the sawmill log production (roundwood) has
been decreasing since 2016. This is, of course, due
to the increase in the incidental cutting due to the
bark beetle calamities, and hence the increase
in the production of pulpwood and fuelwood.
As already noted, and as illustrated in Figure 10,
there is a moderate correlation between the in-
crease in the exports of the roundwood assortment
and the increase in the volume of unplanned cut-
ting. There is a low correlation between the in-
crease in the pulpwood and fuelwood assortment
and the increase in the unplanned harvest volume.
This is explained by the higher transfer earnings
from the sawmill logs. This suggests that the Czech
Republic can expect an increase in the growing
stocks of less marketable assortments (pulpwood
and fuelwood) in the period of 2019-2028. The as-
sortment structure in 2019 is shown in Table 3.

In view of the current political situation in Eu-
rope, a sufficient fuelwood capacity will become
a major issue soon. Approximately 2.5 million m?
of fuelwood is currently consumed annually. Ac-

Table 3. The assortment structure

Assortment mil. m?
Roundwood 8.8-9
Pulpwood 4.5-5
Fuelwood 6-7
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Table 4. Relationship of total forestry sector production to gross value added in the sector

Item 2015 2016 2017 2018 2019
Total forestry sector production (mil. EUR) 2 476.05 2 491.50 2718.21 2 748.50 2720.80
Total gross value added of the sector (mil. EUR) 1 131.54 1119.67 1225.56 1108.95 933.39
Index 0.457 0.449 0.451 0.403 0.343

Source: Ministry of Agriculture (2022); own processing

cording to the figures in Table 3, the consumption
could be increased by approx. 3.5-4.5 million m3.
This is wood to the top of tree 7 cm under the bark.

The development of the index assessing the
performance of the forestry sector in the period
of 2015-2019 is shown in Table 4. The index shows
the relationship between the total production
of the forestry sector and the gross value added
of the sector.

The data presented in Table 4 are based on the
“Economic Accounts for Forestry and Logging” for
the period of 2015-2019. The found index clearly
shows that value added has not grown in the pro-
duction growth. This was caused by the onset of the
bark beetle calamity, whereby the incidental cutting
gradually increased from 2015 onwards, with a peak
in 2020 (34.49 million m3). The consequence was
a large amount of marketable bark beetle timber and
a decline in the prices. An increase in the prices for
the raw timber has only started to recover in the sec-
ond quarter of 2021. This increase will only be visible
on the indicator (gross value added) in 2021-2022.

DISCUSSION

The phenomenon of incidental logging in forest
stands has occurred to some extent since time im-
memorial. It follows that incidental logging consti-
tutes an inseparable part of the natural ecosystem
and cannot, and should not, be prevented entirely.

However, human society and its development has
interfered with the natural circumstances on our
planet to such an extent that the natural condi-
tions and regularities, which had been established
for millions of years, began to undergo significant
changes in the last decades. (Suchomel, Gejdos
2014) Incidental logging is one of the factors af-
fecting the situation on the market with timber and
timber-based products. In forestry practice, the
term incidental logging denotes two completely
different types of logging: common incidental log-
ging (scattered incidental logging, such as indi-
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vidual dead trees and fractures or groups thereof,
whose year-on-year amount is more or less the
same) and calamity logging (incidental logging of
a significant extent, i.e. over 20 % of the 10-year
allowable cut or affecting more than 2% of the
entire area of the territorial unit). Common inci-
dental logging seems not to affect the implemen-
tation of the annual planned logging because they
are incorporated in the plan to the expected extent
without situating them in specific stands and are
carried out year-round. Consequently, the annual
planned logging is decreased by the expected vol-
ume of the common incidental logging. Calamity
logging, on the other hand, leads to a rebalancing
of the planned logging, whose volume is realised
by the calamity logging. With smaller extents, only
regeneration felling is stopped, but leads to limita-
tions in tending felling to a large extent (Simanov
2014). The authors (Schelhaas 2008; Kulla, Sitkova
2012) have already pointed to the large proportion
of incidental logging caused by the wilting of non-
native spruce stands, disturbances, and ongoing
climate change. The latter has recently led to con-
siderations of the need of finding and applying
functional adaptation forestry measures, which
could effectively eliminate the foreseen negative
impacts of global climate change (e.g. Lindner et al.
2014; Puettmann et al. 2015). The expected nega-
tive impacts of climate change pose a challenge for
forest stands in the Czech Republic (Hlasny et al.
2011; Lindner et al. 2014).

Multi-aged, well-structured forest stands are con-
sidered the basis for the elimination of the risks
(Schiitz 2011; Kulla, Sitkovéa 2012; Brang et al. 2014;
O’Hara 2014). The amount of funds required to re-
cover areas affected the calamity is limited in the
monitored period (the turn of 2021-2022) by the low
revenue from the sales of spruce timber caused by the
significant surplus of the calamity timber on the mar-
ket. Given the current state, a decline in the natural
regeneration of basic target woody plants can be ex-
pected due to the areal dieback of the mature spruce
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stand; this decline, however, can be replaced with the
natural regeneration of pioneer basic woody plants,
or reinforcing and soil-improving woody plants de-
pending on the character of the site (Svéda et al.
2020). In the case of forest rehabilitation in large-
scale clearings upon disturbances, procedures using
the elements of succession, including stands of pio-
neer species, are recommended. This relates to the
procedures and woody plants which were deemed
economically inferior and undesirable until recently
(Safranek et al. 2018).

The common theme is mainly the choice of woody
plants that are more resistant against climate chang-
es, in which the application of natural regeneration
and pioneer woody plants are an important con-
stituent of the target species composition. Those
mainly include the silver birch, rowan, alder, aspen,
and larch. (Svéda et al. 2020).

The results verified that changes in the assort-
ment structure and raw wood growing stock in the
forests will have a major impact on the woodwork-
ing industry. If we also take the growing trend
of existing woodworking capacities into account
due to the increasing demand for various wood
products (as stated by e.g. Michal 2020 or Szichta
et al. 2022), as well as the increasing demand for
wood in terms of energy use (e.g. Kovalyshyn et al.
2019), it is clear that wood for the woodworking
industry will be in short supply in the future.

CONCLUSION

The aim of the paper was to analyse and predict
the possible development of the cutting possibili-
ties and the impact on the forestry and downstream
industries. For the solution, analysis, a prediction
and a wood supply model with the current incre-
ments were used. This aim was met.

Based on the analyses and findings, the follow-
ing conclusions can be drawn: From the results,
the stated hypothesis for this paper has been con-
firmed. In the case of a continued rate of bark beetle
calamity and a total annual harvest of 30 million m?
with a reduction in the planned harvests, the total
growing stock of spruce of age class 5 and older will
be harvested in approximately 14—16 years.

Based on the development in the previous years,
it was predicted that, in the period of 2019-2028,
the minimum share of unplanned cutting in the to-
tal cutting in the Czech Republic will be 61%. This
statement is supported by the strong correlation be-

tween the development of the salvage and total cut-
ting. Significant differences between the individual
regions of the Czech Republic can also be expect-
ed, the most affected regions will probably be the
Moravian-Silesian, Olomouc, South Moravian,
(southern) Vysocina and South Bohemian regions.

In terms of the assortment structure, there has
been a decline in the sawlog production. This
is, of course, due to the increase in the incidental
cutting due to the bark beetle calamity, and hence
an increase in the production of pulpwood and fuel-
wood. A low correlation was found between the in-
crease in the export of the roundwood assortment
and the increase in the pulpwood and fuelwood as-
sortment and the increase in the unplanned har-
vest volume. This can be explained by the higher
transfer earnings from sawlogs. This suggests that
an increase in growing stock of less marketable as-
sortments can be expected in the Czech Republic
in the coming periods.

An analysis of the relationship between the total
production output and gross value added revealed
that the gross value added in the sector declined
over the period of 2015-2019 and, hence, the per-
formance of the forestry sector has also declined.
The decline in the performance of the forestry sec-
tor at the peak of the calamity, together with the
decline in the cutting after the calamity subsides,
points to a serious structural problem in the re-
sources and economic viability of the entire forest
sector and the related industries.

REFERENCES

Bérta V., Lukes$ P., Homolov4 L. (2021): Early detection of bark
beetle infestation in Norway spruce forests of Central
Europe using Sentinel-2. International Journal of Applied
Earth Observation and Geoinformation, 100: 102335.

Brang P., Spathelf P., Larsen J.B., Bauhus J., Boncc¢ina A.,
Chauvin C., Dréssler L., Garcia-Giiemes C., Heiri C.,
Kerr G., Lexer M.]., Mason B., Mohren F., Miihlethaler U.,
Nocentini S., Svoboda M. (2014): Suitability of close-to-
nature silviculture for adapting temperate European for-
ests to climate change. Forestry: An International Journal
of Forest Research, 87: 492—-503.

CNB (2022): Kurzy CNB v roce 2010, historie kurzt mén.
Czech National Bank. Available at: https://www.kurzy.
cz/kurzy-men/kurzy.asp? A=H&rok_source=1&interval_
typ=1&rok=2010 (in Czech).

CSU (2022): Ekonomické téty pro lesnictvi a tézbu dieva.
Czech Statistical Office. Available at: https://www.czso.

433



Original Paper

Journal of Forest Science, 68, 2022 (10): 423—435

cz/documents/10180/45565380/10000417m02.pdf/
bb06274d-3b5b-40f0-88ff-e9eb9eb937d4?version=1.0 (in
Czech).

Ding H., Chiabai A., Silvestri S., Nunes P.A.L.D. (2016): Valu-
ing climate change impacts on European forests ecosystem.
Ecosystem services, 18: 141-153.

Hlasny T., Barcza Z., Fabrika M., Baldzs B., Churkina G.,
Pajtik J., Sedmdk R., Tur¢ani M. (2011): Climate change
impacts on growth and carbon balance of forests in Central
Europe. Climate Research, 47: 219-236.

Kovalyshyn S., Kaygusuz O., Guney M.S. (2019): Global en-
ergy demand and wood biomass. Journal of Engineering
Research and Applied Science, 8: 1119-1126.

Kulla L., Sitkova Z. (2012): Rekonstrukcie nepdévodnych
smrekovych lesov: Poznatky, skisenosti, odportcania.
Zvolen, Narodné lesnicke centrum — Lesnicky vyskumny
Ustav Zvolen: 208. (in Slovak)

Lindner M., Fitzgerald ].B., Zimmermann N.E., Reyer C., Del-
zon S., van der Maaten E., Schelhaas M.J., Lasch P, Eggers .,
van der Maaten-Theunissen M., Suckow E.,, Psomas A., Poul-
ter B., Hanewinkel M. (2014): Climate change and European
forests: What do we know, what are the uncertainties, and
what are the implications for forest management? Journal
of Environmental Management, 146: 69—83.

Michal J. (2020): Model trvale udrzitelného rozvoje vykon-
nosti dievozpracujicich podnika produkei vyrobka z cer-
tifikované dievni suroviny. [Ph.D. Thesis.] Brno, Mendel
University in Brno. (in Czech)

Ministry of Agriculture, Forest Management Section (2019):
Ministry of Agriculture’s 2019 strategy for dealing with
disasters in forests. Available at: https://eagri.cz/public/
web/mze/tiskovy-servis/tiskove-zpravy/x2018_strategie-
ministerstva-zemedelstvi-pro.html (in Czech).

Ministry of Agriculture (2022): Zpravy o stavu lesa a lesniho
hospodarstvi (2000-2017). Available at: https://eagri.cz/
public/web/mze/lesy/lesnictvi/zprava-o-stavu-lesa-a-
lesniho/?pageSize=50 (in Czech).

Ministry of Industry and Trade (2019): Panorama zpracova-
telského priamyslu 2018 (Panorama of the Manufacturing
Industry of the Czech Republic 2018), Ministry of In-
dustry and Trade. Available at: https://www.mpo.cz/cz/
prumysl/zpracovatelsky-prumysl/panorama-zpracovatel-
skeho-prumyslu/-panorama-zpracovatelskeho-prumyslu-
cr-2018--249524/ (in Czech).

O‘Hara K.L. (2014): Multiangled Silviculture: Managing
for Complex Forest Stand Structures. New York, Oxford
University Press: 240.

Packalen T., Sallnaes O., Sirkia S., Korhonen K., Salminen O.,
Vidal C., Robert N., Colin A., Belouard T., Schadauer K.,
Berger A., Rego F, Louro G., Camia A., Riaty M., San-
Miguel-Ayanz J. (2014): The European Forestry Dynamics

434

https://doi.org/10.17221/76/2022-JES

Model: Concept, Design and Results of First Case Studies.
Luxembourg, Publications Office of the European Union: 20.

Puettmann K.J., Wilson S.M., Baker S.C., Donoso P.J.,
Drossler L., Amente G., Harvey B.D., Knoke T., Lu Y.,
Nocentini S., Putz F.E., Yoshida T., Bauhus J. (2015):
Silvicultural alternatives to conventional even-aged for-
est management — What limits global adoption? Forest
Ecosystems, 2: 8.

Reportlinker (2019): Laminated Veneer Lumber market:
Global industry trends, share, size, growth, opportunity and
forecast 2019-2024. Available at: https://www.reportlinker.
com/p04921060/Laminated-Veneer-Lumber-Market-
Global-Industry-Trends-Share-Size-Growth-Opportunity-
and-Forecast.html?utm_source=PRN (accessed Oct 2020)

Research, Development and Innovation Information System
(2022): Available at: https://www.vyzkum.cz/FrontClanek.
aspx?idsekce=496 (in Czech).

Ruiz-Benito P.,, Vacchiano G., Lines E.R., Reyer C.P.O., Rat-
cliffe S., Morin X., Hartig F., Mikeld A., Yousefpour R.,
Chaves J.E., Palacios-Orueta A., Benito-Garzén M., Morales-
Molino C., Camarero J.J., Jump A.S., Kattge J., Lehtonen A.,
Ibrom A., Owen H.J.E.,, Zavala M.A. (2020): Available and
missing data to model impact of climate change on European
forests. Ecological Modelling, 416: 108870.

Safaiik D., Bfezina D., Michal J., Hlavackova P. (2019): Analysis
and prediction about the development in the spruce raw
material basis in the context of the developments in the
bark beetle disaster in the Czech Republic. In: Chobano-
va R. (ed.): Digitalisation and Circular Economy: Forestry
and Forestry Based Industry Implications 12 International
Scientific Conference WoodEMA 2019, Varna, Sept 11-13,
2019: 239-244.

Safrének Z., Martinik A., Vala V. (2018): Model economic
comparison of forest regeneration treatments after calam-
ity events of allochthonous spruce stands: Conventional
artifical regeneration vs. preparatory-birch stand. Zpravy
lesnického vyzkumu, 63: 92—101. (in Czech)

Schelhaas M.J. (2008): Impacts of Natural Disturbances
on the Development of European Forest Resources: Ap-
plication of Model Approaches from Tree and Stand Levels
to Large-Scale Scenarios. Wageningen, Alterra: 168.

Schiitz J.P. (2011): Vybérné hospodafstvi a jeho rtizné formy.
Kostelec nad Cernymi lesy, Lesnicka préce: 160. (in Czech)

Simanov V. (2014): Dodévky drivi. Lesnicka préce, 93: 29-31.
(in Czech)

Suchomel J., Gejdo$ M. (2014): Vplyv ndhodnych tazieb na
trh a obchod s drevom v roku 2014. In: Hajdtchova et al.
(eds): Zbornik vedeckych prac z konference Financovanie
2014 LESY, Zvolen, Nov 21, 2014: 156—164. (in Slovak)

Svéda K., Pulkrab K., Bukacek J. (2020): Model species

compositions with different species share of target tree



Journal of Forest Science, 68, 2022 (10): 423-435

Original Paper

https://doi.org/10.17221/76/2022-JFS

species and pioneer tree species: Comparison of the forest
regeneration costs and the evaluation of the potential value
of stands at the rotation age. Zpravy lesnického vyzkumu,
65: 164—174. (in Czech)

Szichta P, Risse M., Weber-Blaschke G., Richter K. (2022):
Potentials of wood cascading: A model for the prediction
of the recovery of timber in Germany. Resources, Conser-
vation and Recycling, 178: 106101.

UHUL (2019): Prehled tézebnich moznosti v lesich v Ceské
republice. Brandys nad Labem, Forest Management Insti-
tute Brandys nad Labem. (in Czech)

UHUL (2020): Informace o lese. Brandys nad Labem, For-
est Management Institute Brandys nad Labem. Available
at: https://www.uhul.cz/ke-stazeni/informace-o-lese-a-
myslivosti__trashed/informace-o-lese-dokumenty-oprl/
(in Czech)

Received: June 14, 2022
Accepted: October 12, 2022

435



