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Abstract: Increasing the proportion of broadleaved trees in stands during regeneration raises questions about how
these trees will be reflected in the economics of forest owners and whether these owners can influence certain eco-
nomic aspects during stand management. In this respect, the paper focuses mainly on the revenue side of forestry and,
crucially, analyses the selling prices of assortments of tree species groups as offered in public tenders of state forests
under the outsourcing business model. The price level of spruce is used as a benchmark for comparisons in the analyses.
It is clear that the cultivation of species-diverse forests entails an increase in the representation of a higher number
of tree species and, presumably, increased stand stability. However, a concomitant consequence may be an increase
in costs and a reduction in returns for forest owners. Here, the revenue from timber sales can be improved by appropri-
ate adjustment of the species composition through educational interventions. All this is in the context of the economic
viability of forestry, as declared in a number of strategic and forest policy documents, which essentially depends on the

timber production function of forestry and the subsequent processing of timber.
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In the last few years, the efforts of stakeholders
to contribute to the debate on the necessity of chang-
ing the species composition of forests have acceler-
ated (among others Cermak 2016). Thanks to the
phenomena attributed to climate change, the Czech
forestry of the 21 century has come under great
pressure. In this context, foresters are blamed for
the failure to cope with the bark beetle calamity, the
deterioration of forest health, the clinging to spruce
cultivation in monoculture stands of the same age,
the reduction of biodiversity, high numbers of game
animals, and much more (Hnuti Duha 2022).

The legislative environment for forest manage-
ment in the Czech Republic (CR) is one of the
most restrictive in Europe (Oliva 2004; Nichiforel

et al. 2020). Forest owners are defined by manage-
ment boundaries that may imply yield constraints
consisting of regulation of harvesting options and
increased costs against forest owners in other coun-
tries given by obligations in forest restoration and
education. All of this is topped by a rich structure
of control institutions whose requirements further
limit the owners' decision-making options.

Today it is clear that the predominance of mono-
cultured, same-species stands, as promoted by for-
esters in the past centuries, is coming to an end.
However, instead of criticising the historical de-
cisions to promote a high proportion of spruce
in the species composition of the forest, we should
analyse the current state of the environment, and,
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based on expert knowledge, guide our future de-
cisions on the direction of forest management.
The reasons why spruce was preferred in the past
are as follows: easy regeneration, easy manage-
ment, high and stable demand for raw material,
easy processing, high profit for forest owners, and
high demand for coniferous construction timber.
Population growth required a more efficient use
of natural resources (Schwarz 1997).

In light of today's knowledge, our ancestors
should have aimed for a target species composition
based on the habitat conditions and the produc-
tion potential of the natural tree species. However,
their requirements for the forest differed signifi-
cantly from today. Forests were actively managed,
and forestry science in the late 18t century, in the
concept of forest as capital, was primarily con-
cerned with maximising the returns from the for-
est estate. Forest economists responded to the
demands of landowners as expert forest managers.
The emergence of the Forest Rental Theory and the
Land Rental Theory provided answers to questions
about the return from holding this type of property.
The Land Rental Theory worked with profit as the
rent on the capital invested in land and forest and
required that the ratio between the capital invested
and the rent earned be as favourable as possible.
The returns were compared to the interest that the
money spent would have earned if it had been de-
posited in a bank — hence this theory is also called
'the profitability school'. The net return on the for-
est was the difference between the sum of the gross
returns and the sum of the expenses, converted
by compound interest to the term of the lease.
The Forest Rental Theory was based on the princi-
ple that the forest is an 'asset of unimaginable time/,
or also a 'gift of nature'. When a forest was harvest-
ed, the cost of restoring it was deducted from the
proceeds of the timber from the clearing. The aim
of management was to maintain the forest in a state
that would allow continuous harvesting of timber
within the framework of 'rental equilibrium', while
at the same time maximising the difference between
the revenues achieved and the costs incurred.

At the time of the establishment of today's spruce
plantations, there was no talk of climate change, soil
degradation, biodiversity loss or the provision of eco-
system services. At the time when the forests were be-
ing restored mainly with spruce, the socio-economic
formation and the concept of social well-being in the
country were at a completely different level.

The extent of the transformation of forest stands
is discussed in research mapping their original-
ity in the Czech Republic. For example, accord-
ing to Adam et al. (2017), in 2012 there were only
2 467 ha of native forests, 7 529 ha of natural for-
ests and 19 575 ha of close-to-nature forests in the
Czech Republic. This is only a fraction of the total
area of 2 923 thousand ha of forests in the Czech
Republic (UHUL 2024). Most of the forests should,
therefore, be considered as forests influenced
by man or forest management.

According to Simanov (2011), the basic econom-
ic principle of forest management is self-financing,
which means covering all its costs with revenues
from timber, other commodities and services.
As timber sales account for up to 95% of all forestry
revenues, timber sales are an essential condition
for its existence. Changes in the species composi-
tion of Czech forests are described by Podrazsky
et al. (2013) as a challenge for the forestry and
wood processing sector. According to this author,
the supply of coniferous cuttings of pine and pri-
marily spruce will decrease.

The comparison of individual management meth-
ods according to the input costs on the one hand
and the yields on the other hand, represents, if the
results are interpreted correctly, a source of in-
formation that can be used to guide management
measures in the forest. For example, cost differ-
entiation according to a set of forest types is pre-
ferred by Pliva (2000) as a tool for sustainable forest
management. Costs should be placed where we can
expect a significant return, and conversely, for eco-
nomically unproductive sites, foresters should pre-
fer to develop ecosystem functions.

The issue of methods and costs of forest restora-
tion is compounded by the impact of the ongoing
bark beetle calamity and is one of the priorities that
need attention. While a number of studies have an-
alysed the costs of reforestation, not much has been
published on the implications for future yields.
The fundamental and long-term impact on harvest
and assortment balance and on the economic out-
come of forest management (FM), which in many
cases exceeds the capacity of current and especially
future resources of forest owners, is highlighted
by Kupcéik et al. (2019b). A decline in available co-
niferous roundwood resources for the processing
industry in the coming decades is also predicted
by Safafik et al. (2022). The authors here also re-
mind us of the economic viability of FM, declared

369


https://jfs.agriculturejournals.cz/

Original Paper

Journal of Forest Science, 70, 2024 (7): 368—380

in a number of strategic and forest policy docu-
ments which essentially depends on the timber
production function of FM and subsequent tim-
ber processing. Kupcdk et al. (2019a) also present
model-based forecasting of financial indicators un-
der random harvesting within a forest management
unit; the models evaluate economic factors and
processes in particular: from forest regeneration
to thinning within 40 years. Dudik (2021) deals com-
prehensively with aspects of birch cultivation and
its use in the Czech Republic, while other authors
more or less analyse the costs of forest regenera-
tion options (Novotny, Sisék 2016; Sisék et al. 2017;
Svéda et al. 2020). Sujova et al. (2021) deal with the
issue of data on timber resources and consumption
in the Czech Republic; among others, they analyse
the possibilities of recalculating the timber re-
sources consumed in the Czech Republic using data
on processing capacities and foreign trade.

In the context of these aspects, the paper analyses
the selling prices of assortments of groups of tim-
ber species in selected contracts within the frame-
work of public procurement at the state enterprise
Lesy Ceské republiky (Forests of the Czech Repub-
lic), in the context of changes in the species com-
position of stands and anticipation of demand from
timber processors. The price level of spruce is used
as a benchmark for comparisons in the analyses.

MATERIAL AND METHODS

The species composition of forests in the Czech
Republic is characterised by a predominance of co-
niferous forests. According to the National Forest
Inventory carried out in 2016-2020, coniferous
trees dominate the forests of the Czech Repub-

https://doi.org/10.17221/21/2024-JES

lic with a share of 70.6% of the stock, while the
share of deciduous trees is 29.4%. Among conifers,
spruce (50.7%) and Scots pine (13.3%) have the
highest stock of woody matter in stands. Among
broadleaved species, beech (9.5%) and oak (6.8%)
have the highest stock.

In the 1950s, the species composition of eco-
nomic forests was identified as the cause of the
high proportion of accidental logging, and since
then it is gradually changing in favour of broad-
leaved trees. While in 1950 conifer representa-
tion was 85.8% and by 2009 it had fallen to 74.12%
(a decrease of 11.68%), the share of broadleaved
trees increased from 12.5% to 24.83% (a growth
of 12.33%) over the same period (Simanov 2011).

Detailed information on species composition
is continuously provided by the annual Reports
on the State of the Forest and Forest Manage-
ment of the Czech Republic, issued by the Ministry
of Agriculture of the Czech Republic, also called
'Green Reports' (Zelené zpravy). The development
of the area distribution of tree species in the Czech
Republic in the period 2000-2022 is shown in Ta-
ble 1. For abbreviations of tree species in the text
and tables, we refer to the relevant decree — Decree
No. 84/1996 Coll., on forest management planning.

However, a closer look at the financial returns
from the sale of individual trees reveals a lack of rel-
evant information. While for species such as spruce,
pine and larch, we have publicly available statistics
on assortment prices, for other species, the pub-
lished statistics are scarce (CSO 2024). However,
birch and other broadleaved trees now account for
more than 10% of the forest area and this area will
continue to grow. However, this information is not
available for broadleaves, which have accounted for

Table 1. Evolution of the area distribution of tree species in the Czech Republic in the period 2000-2022

Area of cropland (%)

Year spruce fir pine larch Cgrt:; rrs coniferous  oak beech  birch degitzlilscr)us deciduous
2000 54.1 0.9 17.6 3.8 0.2 76.5 6.3 6.0 2.9 7.1 22.3
2010 51.9 1.0 16.8 3.9 0.2 73.9 6.9 7.3 2.8 8.1 25.1
2015 50.6 1.1 16.5 3.9 0.3 72.3 7.1 8.2 2.8 8.4 26.5
2019 49.5 1.2 16.1 3.8 0.3 71.0 7.4 8.8 2.8 8.8 27.7
2020 48.8 1.2 16.1 3.9 0.4 70.4 7.5 9.0 2.8 8.9 28.2
2021 48.1 1.2 16.0 3.9 0.4 69.6 7.6 9.3 2.8 9.0 28.7
2022 46.8 1.3 16.0 3.9 0.4 68.4 7.8 9.6 2.9 9.2 29.5

Source: UHUL (2024)
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more than 50% of the regeneration in recent years
(CSO 2024). This makes it all the more necessary
to address the economics of growing these trees.

However, the question is how to get relevant in-
formation on timber prices. According to Holman
(1999), a free market is a system where prices are
determined by agreement between seller and buyer
without any intervention or regulation. This market
is open to everyone with a minimum of restrictions.

The supply side of hardwood prices generally ex-
ists (albeit with reservations about the uniformity
of supply), but the situation is worse in the Czech
Republic with the demand side. There is a lack
of companies that would buy long-term and signifi-
cant volumes of hardwood (excluding species such
as beech and oak) on the market.

The availability of relevant information on timber
prices was tested through the commodity exchange,
standing timber auctions, auctions of valuable as-
sortments and complex contracts of the state en-
terprise Lesy Ceské republiky.

Having found that the commodity exchange
— which trades finished grades, mining residues
and auctions standing crops — does not provide
a sufficient source of information (CMKBK 2024).
Predominantly, 83% coniferous timber was traded
in 2022 (CMKBK 2024). While standing timber auc-
tions are an important source of data, this source
is only relevant for obtaining information on timber
prices for stands that are unmixed or have a small
admixture of other tree species. Spruce, pine and
beech stands accounted for the majority of trades.
Unfortunately, in 2021, the state enterprise Lesy
Ceské republiky restricted access to statistics on the
results of standing auctions, so only auction partici-
pants can record the data. Of the auctions monitored
inautumn 2023, we recorded three auctions for com-
parison only. One was for aspen poplar at the For-
est Administration Jindfichtiv Hradec — the starting
price of 9.84 EUR-m~ was equal to the sale price,
the beech auction at the Forest Administration Bu-
chlovice brought a sale price of 82.76 EUR-m~ and
the auction at the Forest Administration Brandys
nad Labem for spruce (70% representation) and
pine (22% representation) brought a sale price
of 67.32 EUR-m=3. However, no generalised con-
clusions about timber prices can be drawn from
these results. One relevant source of information
on prices of finished products is provided by auc-
tions of valuable products organised by private trad-
ing companies in the Czech Republic. The auctions

are mainly for the best quality oak or larch. There
was no interest in beech. For example, at an auction
in Hole$ov on January 24, 2024 (ALSOL 2024), oak
carvings were sold for 1 881.60 EUR-m~3. However,
such prices do not provide information on the mar-
ket price of common roundwood assortments.

A relevant source of information on timber prices
can be the complex contracts of the state enterprise.
Competitors offer prices for timber at the stump ac-
cording to species groups and assortment groups.
This source is publicly available for winning bids
where a multi-year commercial contract is con-
cluded between the bidder and the state company,
pursuant to Act No. 340/2015 Coll. on the Register
of Contracts (Digital and Information Agency 2023).
Even in these contracts, however, it is not possible
to obtain specific prices for individual timber spe-
cies, but we can at least derive timber prices for
individual species groups. Although their systema-
tisation is not perfect, and there are specifics of the
classification of timber species into groups, condi-
tional on their representation in the species com-
position, the result provides us with relevant data.

As a source of information on timber prices, the
results of public procurement by the state enterprise
Lesy Ceské republiky (Lesy Ceské republiky 2024
under multi-year tenders were analysed. An analy-
sis of the classification of timber species into tim-
ber species groups was carried out on a selected
sample of signed contracts. The contracts were for
the following territorial units (CUUs): Frydlant, Lo-
vosice, Doksy, Sttibro, Plesivec, Mélnik, Broumov,
Podkrkonosi, Cerna Hora — East, Velkd Bites, Bystfice
pod Hostynem, Bruntal — North, Lanskroun.

For the price analysis, selected contracts com-
peted in the years 2021-2023, and separately all
contracts valid from 2024 were used. For groups
of timber species, for contracts concluded before
January 1, 2024, the price of timber was calculated
for the same time level (3" quarter of 2023) accord-
ing to the methodology of indexation of timber pric-
es specified in the contract. A total of 31 timber
price lists were used for the analysis. For contracts
concluded for the period from January 1, 2024,
the tender prices were used; here, 35 timber price
lists were used. To allow further comparison, har-
vests classified as planned were evaluated for the
interpretation of the results. Therefore, the price
evaluation excluded offers of timber prices in the
dryland, bark beetle, trap and live timber grades
as classified in each commercial contract.
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The actual comparisons of timber prices as univar-
iate real variables by species (in tenders up to 2023
and from 2024) were made by calculating averag-
es and medians (where spruce = 100%). After test-
ing the price evaluation, the median values were
used to interpret the results. The median repre-
sents the middle value of a ranked sequence of val-
ues, as opposed to the average, which is the sum
of the values divided by their number. In the au-
thors' opinion, the median gives more relevant re-
sulting values.

RESULTS

As mentioned above, in the analysis of selected
contracts concluded within the framework of mul-
ti-year contracts between the state enterprise Lesy
Ceské republiky and competitors of public pro-
curement, the first step was the analysis of the clas-
sification of trees into individual groups. Although
the classification of trees into groups of trees
in public contracts has certain rules, the individual
partial bids contain local deviations which are not
justified in the documentation. It can, therefore,
be assumed that this is a decision of the contract-
ing authority, which is thus reacting to the repre-
sentation of a particular tree species in a given part
of the tender. The coniferous species show a rela-
tively consistent result, with only the classification
of Douglas fir being an outlier.

For example, for forestry contracts valid from Jan-
uary 1, 2022, on the contracts Frydlant, Lovosice,
Doksy, Plesivec, Mélnik, Broumov, Podkrkonosi,
Cernd Hora — East, Velka Bites, Bystiice pod
Hostynem, Bruntédl — North, and Langkroun, there
are three groups of trees for conifers: spruce, pine
and larch.

Each group includes the following list of tree species:
— The spruce group includes SM (Picea abies),

SMP (Picea pungens), SMC (Picea mariana),

SMS (Picea glauca), SMO (Picea omorika), SME (Pi-

cea engelmannii), SMX (spruce — other), JD (Abies

alba), JDO (Abies grandis), JD] (Abies concolor),

JDK (Abies nordmanniana), DV (Abies procera),

JDX (fir — other), DG (Pseudotsuga menziesii);

— The pine group includes BO (Pinus sylvestris), BOC
(Pinus nigra), BKS (Pinus banksiana), V] (Pinus
strobus), LMB (Pinus cembra), BOP (Pinus contor-
ta), BOX (pine — other), KOS (Pinus mugo), BL (Pi-
nus uncinata ssp. Uliginosa), TS (Taxus baccata),
JAL (Juniperus communis), JX (coniferous — other);
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— The species classified as larch are MD (Larix de-
cidua) and MDX (larch — other).

Only in the case of the contract Silver, Douglas fir
is classified as a pine tree.

Concerning the forestry contracts for 2024,
Douglas fir is classified in the spruce tree groups
in 26 contracts. In six cases, Douglas fir was as-
signed to the pine species group, and in the remain-
ing three cases it was assigned to the larch species
group. In eight contracts, larch was also assigned
to the spruce species group. In three cases, larch
was assigned to the pine species group.

The variability is even higher for deciduous trees.
The most commonly used species groups are beech,
oak, birch, hardwoods and softwoods. Considering
the 2024 contracts, birch is listed as a separate tree
group only in one case. In the other cases, it is ag-
gregated in some way with the other broadleaves
(mostly softwoods).

As can be seen from the concluded contracts, each
contains several groups of trees. The maximum num-
ber of tree groups in the contracts is seven. Of these,
three are coniferous, and 1-4 are deciduous.

The classification of trees into groups affects not
only the pricing of orders but also the subsequent
valorisation of prices. Coniferous woods are valor-
ised within the groups of woods on a quarterly ba-
sis using the statistics of the Czech Statistical Office
(CSO). The groups of spruce, pine, larch, and de-
ciduous woods are valorised by sliding indices us-
ing the statistics of beech and oak prices. However,
the price development over time, especially for the
broadleaved group, does not replicate the price in-
dex and prices responded to in the CSO statistics
for beech and oak. This also affects the interpreta-
tion of the results presented below.

In addition to these distortions, the CSO statistics
were affected by the coniferous tree calamity (es-
pecially in 2019 and 2020 — when the selling prices
of coniferous assortments were very low compared
to the period before the calamity) and the energy cri-
sis at the end of 2022 in the case of broadleaf assort-
ments. Here, firewood prices followed the price curve
of other energy commodities. Hardwood fuel was
sold at similar prices to beech logs in late 2022, oscil-
lating around prices of up to 120 EUR-m. Statistics,
through the publication of annual average wood pric-
es, have mitigated these values considerably. Howev-
er, the representation and weight given to the timber
species in the harvested model for a given species and
weight group also has an impact on the bid prices.
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So where do the tree groups stand in the pub-
lic tender? Selected bid prices of public contracts
of the state enterprise Lesy Ceské republiky for
the period from 2021 to 2024 were analysed. Out-
side 2024, the prices were recalculated to the same
price level using the appropriate indexation model.
The year 2024 was evaluated from the offers valid
on January 1, 2024. We took spruce as a benchmark
and compared the other groups of trees with this
benchmark (Figures 1 and 2).

The results of the public tenders show that the
highest revenues can be achieved when spruce
stands (except for the lowest weights) are sold; the
pine group, when compared, is approximately 70%
of the price level of spruce. For the larch group, its
price level depends on the average weight of the
timber harvested. Weak timber of low weight does
not reach the price level of pine, while the strongest
timber is sold at prices higher than spruce.

For deciduous trees, the interpretation of the re-
sults is more difficult. For the hardwoods that can
be classified as deciduous hardwoods, the prices
of previous years' orders (excluding 2024) were
clearly affected by the energy crisis, and their price
increased. The price of firewood as a substitute for
other energy commodities was the driver of the

increase. This has been reflected in price increas-
es in the lowest weights, which are placed on the
market in the form of hardwood fibre or fuel.
The competitors' bids for 2024 no longer reflect
such a price variation. Of the broadleaved species,
oak is highly valued and appreciated at the highest
weights, where valuable assortments are expected
to be produced.

The hardwood group is mostly represented in the
competition model by alder, poplar, lime and,
in some cases, also birch. The price offer here is sig-
nificantly influenced by the weight of the tree group
relative to the competition matrix and also by the
volume competed for. Nevertheless, the results can
be interpreted in such a way that the lowest har-
vested weights, i.e. generally first-cut timber, imply
costs for the forest owner. Revenues from timber
sales do not cover the cost of harvesting. At the
higher weights, they amount to around 30-35%
of spruce prices.

The results of the timber group prices up to 2023
and from 2024 onwards are interpreted for harvest-
ed timber weight groups ranging from up to 0.09 m?
over to 1.00 m® (see Tables 2 and 3). The average
weight is determined for each group of trees, where
the numerator is the volume of timber harvested
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Figure 1. Comparison of timber tender prices to 2023 (median, spruce = 100%)

SM - spruce; BK — beech; BO — pine; BR — birch; DB — oak; MD — larch; OLM - deciduous softwood; OLT — decidu-

ous hardwood
Source: Authors' own processing
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Figure 2. Comparison of timber tender prices from 2024 (median, spruce = 100%)

SM - spruce; BO — pine; MD — larch; BK — beech; DB — oak; BR — birch; OLT — deciduous hardwood; OLM - deciduous

softwood; OL — deciduous other
Source: Authors' own processing

in the stand and the denominator is the number
of trees harvested. The comparison of timber ten-
der prices by weight to spruce prices up to 2023 and
from 2024 is shown in Figures 1 and 2.

The price of timber in harvesting operations
up to 0.09 m3® shows abnormal variations. These
are influenced by the price of hardwood fuel in the
graph of the public procurement in 2021-2023.
In tenders from 2024 onwards, the abnormally low
prices for birch and softwoods are probably due
to speculation by some competitors, the weight
of the range and the species in the tender.

However, the question is how to analyse timber
revenues during stand growth. No statistics pro-
vide an answer to this. The results of the tenders
in 2021-2023 show that, due to the energy cri-
sis, hardwood in the BK group of trees, which in-
cludes beech, maple and ash, the DB group of trees,
which includes oak and walnut, and the OLT group
of trees, which includes other hardwoods (the main
representative being hornbeam, elm and in some
cases birch) have been valued in younger stands.
The beech group is 155% of the price of spruce,
which is more or less used for pulp or agglomer-

Table 2. Median prices of timber groups by weight (EUR-m~3) in tenders in 2021-2023

) Median prices by weight

Timber groups

-0.09 0.14 0.19 0.29 0.49 0.69 0.99 >1.00
Spruce — SM 20.50 29.40 40.60 53.80 65.80 77.80 85.90 86.70
Pine — BO 15.80 19.00 28.00 38.50 47.10 53.10 59.20 60.30
Larch - MD 15.00 15.80 26.20 43.20 60.60 71.20 83.20 86.60
Beech — BK 49.10 51.00 54.00 57.80 63.40 66.40 71.40 73.60
Oak - DB 40.40 38.40 40.10 44.00 62.90 103.60 109.10 117.50
Birch — BR 13.40 17.20 21.00 26.10 28.80 30.00 31.30 31.60
Deciduous hardwood — OLT 33.80 34.20 35.50 40.60 43.30 44.60 45.60 46.20
Deciduous softwood — OLM -4.60 -1.80 1.90 6.70 11.50 14.50 17.40 19.10
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Table 3. Median prices of timber groups by weight (EUR-m3) in tenders from 2024
) Median prices by weight

Timber groups

-0.09 0.14 0.19 0.29 0.49 0.69 0.99 >1.00
Spruce — SM 4.90 14.10 24.40 37.50 52.90 65.30 69.20 72.10
Pine — BO 2.00 9.20 17.30 27.10 35.20 43.20 46.80 48.60
Larch - MD -0.30 7.70 14.60 27.20 48.90 63.30 74.10 77.00
Beech — BK 6.00 10.80 16.80 28.40 35.60 40.30 48.40 52.00
Oak - DB 2.00 6.00 16.40 22.80 31.60 36.40 42.40 77.30
Birch — BR -11.40 -7.00 -0.80 4.00 9.60 12.80 15.70 20.80
Deciduous hardwood — OLT 15.20 19.10 22.90 28.50 31.80 34.80 37.10 37.40
Deciduous softwood — OLM -7.80 -3.90 14.00 14.00 18.00 21.60 23.60 28.20
Deciduous other — OL 1.80 8.80 13.00 16.30 21.00 23.00 24.90 25.60

Source: Authors' own processing

ated board production. The other species, whether
pine, larch or birch, lag behind in this low-weight
category. The softwood group (marked OL, which
includes alder, poplar and lime) is the worst per-
former, with yields even significantly lower, reach-
ing 5% of the price of spruce.

The ranking changes slightly for the groups of trees
of the clearing age represented by the weight of a sin-
gle harvested trunk of > 1.00 m?. The highest-ranked
tree group is DB, with 135% of the spruce price, and
larch with 102% of the spruce price. The other hard-
woods lag behind, with the most significant drop
being in other hardwoods, which end up being pro-
cessed mostly as fibre or firewood. Softwood is still
significantly lower at 23% of the spruce price. Even
birch does not achieve high monetisation at the toll
age, which may be due to the lack of processing ca-
pacity, unlike in northern Europe. It is, therefore,

Table 4. Tree stock in stands by age (thousand m?)

clear from the competitors' offers that the well-mar-
keted timber species in demand on the market bring
the highest profit to the forest owner.

If we can optimise the cost side of forest man-
agement, we should optimise the revenue side
in the same way. Maximising the growth of indi-
vidual trees and achieving their target thickness
in the shortest possible time will give us the ef-
fect of the most cost-effective sales assortments.
More than before, it will be important to look for
an economic harvesting period for each tree spe-
cies that will ensure sufficient resources for the
forest owner. The shifting average regeneration pe-
riods recorded in the statistics do not reflect this
approach to stand management. This is most evi-
dent in beech stands, where the predominant stock
is found in older stands that have not been regen-
erated for a long time (Table 4; Figure 3). The cur-

Tree groups

up to 40 years up to 60 years

Spruce 39879 61232
Fir 522 994
Pine 9427 13 952
Larch 4010 6 047
Other coniferous 480 804
Oak 2175 4634
Beech 2976 5565
Deciduous hardwood 2010 3557
Birch 1 899 2104
Deciduous softwood 1431 4966

Stock by age
up to 80 years up to 100 years up to 120 years over 120 years

70 175 98 368 74 450 44 575
865 2105 2 324 2212

15 862 24974 23 186 20102
6 903 8776 5504 3172
317 475 370 759

6 609 10786 7 805 8113
7 354 9 889 8879 15115
5758 5537 2 817 2255
2794 1974 492 156
5528 3047 1338 928

Source: UHUL (2024); authors' own processing
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Figure 3. Proportion of stock of tree groups by age

Source: UHUL (2024); authors' own processing

rent management of these stands shows an inability
to harvest this tree species at its optimum (after the
peak of growth) and place it on the market.

DISCUSSION

The origins of the economic context of forest man-
agement can be traced back to the mid-18% century
in the forestry literature. They are mainly motivat-
ed by economic interests and, in Central Europe,
are mainly associated with forestry in Germany
and Austria-Hungary, where the most economi-
cally profitable tree species and the establishment
of monocultures were preferred (Kupcdk 2006).
On the other hand, there is an interesting contem-
porary controversy on the species composition
of stands — e.g. von Carlowitz (1713) in the publica-
tion 'Sylvicultura oeconomica' recommends mixed
stands; Dobel (1746) in Jagerpractica' calls for the
cutting down of broadleaves from conifers when
they make up more than half of the stand; Moser
(1757) in 'Grundsatze der Forstokonomie' calls for
the conversion of mixed stands to pure stands, using
thinning to simplify management. Finally, Hartig
(1791) in 'Anweisung zur Holzzucht Forster' recom-
mends pure stands because there is no desire for di-
versity and management should be simple and easier
to operate; later, however, he favours mixed stands.

Currently, for example, Leugner (2019) recom-
mends a fine mixing structure with a wide range
of tree species in his methodology for restoring
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calamity groves. Other proposals and recommen-
dations for dealing with the bark beetle calamity
also include requirements for changing the species
composition of forests (Lesy Ceské republiky 2020).
Deciduous trees with the most diverse species com-
position should be preferred to coniferous trees.
Recently, among other broadleaved species, birch
has received attention as a tree species with the po-
tential for higher representation in stands. Dudik
(2021), within the framework of birch stand devel-
opment models, suggests growing birch not only
as a pioneer tree but also as a target tree on suitable
sites. He then compares the marketability of birch
assortments with the prices of beech assortments.
When economically evaluating the silviculturing
of forest tree species according to sales revenues
and unit prices, also the rotation of the tree species
should be taken into account.

However, the above ideas and approaches may
also be fundamentally related to current problems
in the context of rising costs of plantation rearing
together with a shortage of skilled labour capacity.
Prioritising selected tree species, especially at the
thinning stage, can affect timber sales revenues for
many decades to come. This issue is not given due
attention. The qualification of the personnel in-
volved is not sufficient and is rather deteriorating
due to the state of vocational training. For many
decades, coniferous plantations have predominat-
ed, except in a small part of the area where beech
and oak have a tradition.
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Even in the Green Reports of the Ministry of Ag-
riculture of the Czech Republic, the problem of the
lack of qualified workers has been pointed out since
at least 2017, as stated for example in MoA (2020):
"The shortage of workers and temporary workers
in the forestry professions for forest work continues
to be a major problem for forestry entrepreneurs
as well. The number of graduates from forestry ap-
prenticeships has been steadily declining due to the
lack of interest of young people in forestry work,
mainly because of the strenuous physical work and
low earnings compared to other job opportunities.'
MoA (2021) claims that "The problem of short-
age of workers for forestry work is still deepening
in the forestry sector, and this is the case for vir-
tually all forest owners or employers. In particular,
workers and forestry apprenticeship graduates are
in short supply.’

As mentioned, the cost of pruning has been ris-
ing for a long time and will be accelerated in the
coming years by the increase in the area of stands
restored after the bark beetle calamity, the limited
rearing of stands at the time of the bark beetle ca-
lamity and the requirements for their rearing. Over
the last ten years, the direct costs of first interven-
tions and planting activities have almost doubled
(Table 5). This is due to increased demand for this
activity, state support in the form of subsidies, lack
of qualified staff, and the increasing difficulty of the
activity due to the species diversity of the stands.
In our own analysis, it was found that for species-
diverse stands, which arise after the restoration
of bark beetle areas, taking into account labour
consumption standards, the price of pruning, ex-
pressed in direct costs, exceeds 840 EUR-ha™! (price
level 2022 based on our own findings). We at-
tribute the stagnation of the price of this activity
in 2019-2021 to the fact that educational inter-
ventions were not carried out much, and therefore

Table 5. Average forest owners' own costs over time

the supply and demand for this activity was more
or less balanced.

The comparison of the costs of forest regeneration
and subsequent care until the provision of crops
was evaluated by Sisak et al. (2017) for the main tree
species according to the set of forest types using the
management intensities as defined by Pliva (2000).
Artificial regeneration with straight-rooted spruce
appeared to be the least costly, while the economi-
cally most costly was the regeneration of beech.
Novotny (2016) analyses the economics of har-
vesting methods and subsequent forest restoration
of a typical property in the Bohemian-Moravian
Highlands. He concludes that the cost of the assort-
ment method (combination of chainsaw, harvester,
and forwarder) brings the lowest costs due to the
preservation of natural regeneration. The economi-
cal harvesting method, in combination with natural
regeneration, appears to be the most optimal on all
suitable spruce management sites. It is clear that
forest regeneration and crop management are the
most costly in the life cycle of a stand.

Increasing the share of broadleaves in forest re-
generation will gradually be reflected in the supply
of these species on the timber market. Given the
growth characteristics of the tree species, the time
from reforestation to the supply of sawmill-ready
assortments varies considerably. Fast-growing spe-
cies such as poplar allow the harvesting of sawmill-
able species from the second age class onwards,
whereas hardwoods (oak, beech and others) have
sawmill use at a much later age. In addition, while
coniferous timber is sawn from 12 cm onwards, the
limit for processing broadleaved timber is most of-
ten 20 or 25 cm at the tenon.

According to Simanov (2021), there are several
views on the development of log prices, the most like-
ly of which is that the price of sawlogs is not formed
in the Czech Republic because most logs are exported

Average cost of selected outputs (EUR per technical unit)

Performance — activity

1995 1998 2013 2016 2019 2020 2021 2022
Forest restoration ha 2273 2252 2 659 3120 3992 4070 3977 4049
Care of forest cultures ha 189 280 355 349 468 509 524 602
Pruning ha 186 249 355 398 577 597 575 676
Forest protection ha 9 4 4 7 16 16 12 12
Total cultivation activity = ha - - 72 79 130 148 164 188

Source: MoA (2022)
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or cut in the Czech Republic by multinational firms.
The price of logs is thus the result of the commer-
cial policy of the dominant buyers combined with the
quantity of timber currently offered on the market.
The supply side of broadleaved timber in the
Czech Republic has long been affected by the im-
possibility of ensuring a steady supply of workable
broadleaved timber at an acceptable price in the re-
quired quality. This limits the creation of processing
capacity and other hardwoods often end up as en-
ergy wood or as raw material for the production
of agglomerated panels. The issue of value added
in the timber industry of the Czech and Slovak Re-
publics, including the use of specific indicators as-
sessing the impact of trade on the economy of the
sector, is analysed by Jandkova Sujova et al. (2023).

CONCLUSION

The diversity of forests in the Czech Republic
is typologically classified by assigning a specific
habitat to a forest vegetation stage, edaphic cate-
gory and water influence stage. As a result, 175 for-
est type groups have been identified in the Czech
Republic, grouping forest types according to their
ecological affinity and then grouping them into tar-
get management files. These sets should represent
the basic parameter for foresters for taking manage-
ment measures; already, Pliva (2000) defines basic
recommendations for these sets concerning the ful-
filment of ecological, but also economic, functions.
The intensity of management then determines the
rationality of the money invested in the manage-
ment of such forests in terms of future yield.

Forest owners should strive to cultivate forests
that are diverse in species, space and age, which
are more likely to provide stable stands. The forest
owner has a relatively large scope to influence the
species composition of the stand and the yield from
the forest during the growing season.

Increasing the share of broadleaved trees in for-
est regeneration will gradually be reflected in the
supply of these species on the timber market.
The calamity in the Czech Republic in 2016-2023
has significantly affected these processes — acceler-
ated them, and, as mentioned, the supply of conif-
erous spruce and pine sawlogs will decrease at the
expense of broadleaved ones.

In view of the above, the issue of changes
in forest species composition and its projections
into the economics of management of owners
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— moreover, given the long-term nature of pro-
cesses in forest management, can be considered
highly topical. The reduction in the stock of co-
niferous wood in stands and the consequent re-
duction in harvesting possibilities in the coming
decades may have an impact on the overall level
of revenues. Coniferous wood now accounts for
more than 83% of timber sales. If the harvesting
pool were to change in favour of broadleaved spe-
cies, as shown by the trend in species composi-
tion in reforestation, we could expect timber sales
to fall by more than 20% (if 50% of the coniferous
range were harvested, relative to today's raw timber
price levels). This negative impact could be offset
by a change in the structure of the timber indus-
try or by significant technological innovation in the
use of broadleaved timber in the Czech Republic
and the surrounding Central European area.

With rising costs for forest owners and currently
non-existent payments for ecosystem services, this
could very realistically mean that Central European
self-financing forestry will become an uncompeti-
tive sector surviving on subsidies.

The conclusion and recommendation for forest
restoration and cultivation from the economic point
of view is as follows: When choosing the future tree
species composition, pay attention to all tree spe-
cies that have economic potential. Let us work not
only with hard broadleaves, but also with a signifi-
cant mix of conifers, especially spruce, fir and larch
(and of course Douglas fir if this does not conflict
with nature conservation interests) on suitable sites.
However, it will be necessary to look for economic
obsolescence, as defined by Pulkrab et al. (2014) for
example, for all tree species. Pioneer tree species
from the range of softwoods such as birch or al-
der can only be considered promising in the future
if they are also marketable in an appropriate saw-
mill quality. The use of self-regulatory processes
or the correct timing of educational interventions
will also be key, which can significantly reduce the
harvesting of weak, lower-value species. It is, there-
fore, desirable to focus on pruning, where there
is also a high potential for adjusting the species
composition of individual stands.
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