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Abstract: This study investigates differences in carbon storage between managed and unmanaged forests in the growth
conditions of Central Europe. Norway spruce (Picea abies), European beech (Fagus sylvatica) and pedunculate oak
(Quercus robur) dominated forest types were considered, as these are the most common forest species in the Czech
Republic. Scots pine (Pinus sylvestris), as the second most common species, was excluded due to lacking relevant refer-
ence data on unmanaged forests. Managed and unmanaged variants of each forest type were assessed in terms of carbon
sequestered in biomass, dead wood and harvested wood products (in the managed variant). Harvested wood products
yielded during two rotation periods were considered, including their substitution effect as well as respiratory losses,
to fully assess their contribution to carbon balance. Average carbon storage in the above-ground biomass and deadwood
was lower in the managed forest compared to the unmanaged forest in comparable growth conditions. However, this
difference is in our model examples compensated by carbon stored in the harvested wood products including their
substitution effect in the managed forests of Norway spruce and pedunculate oak. Contrarily, managed European beech
forests showed, in our case, slightly lower carbon storage compared to the unmanaged alternative. The estimates for
all species are considered to be rather conservative due to the assumed factors affecting the results. Due to generally
limited comparative data on unmanaged forests in the region, the results should be interpreted with caution.

Keywords: CO, emission offset; displacement effect; harvested wood products; increment; substitution effect; tree
biomass; wood production

In the context of decarbonization and emission as wood production, water retention, local mi-

reduction targets adopted by the European Un-
ion, the interest in evaluating the climate miti-
gation potential of forests and forestry has been
increasing. The most recent European policies
related to the landscape and forestry sector (LU-
LUCEF - land use, land-use change and forestry)
such as the revised LULUCF regulation (EU Reg-
ulation 2023/839) and the EU Forest Strategy
for 2030 (EC 2021) link the climate mitigation
(CO, sequestration) with the other vital forest
ecosystem services and benefits to society, such

croclimate, soil protection, hosting biodiversity
and recreation. This makes strategic forestry plan-
ning more complex. It must optimise societal de-
mands on the existing forest resources and their
biological potential while considering adaptive
management strategies to address likely challeng-
es associated with the progressing climate change
(Kallio et al. 2023; Korosuo et al. 2023).

Climate change poses a serious threat to life
on Earth. Numerous activities are being carried
out to mitigate climate change with a focus on re-
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ducing the cause of global warming — greenhouse
gases in the atmosphere. Apart from decreasing
the emissions of greenhouse gases, sequestration
of existing greenhouse gases from the atmosphere
is considered an important part of the possible so-
lution. In this respect, forests are expected to play
a crucial role in the sequestration of carbon dioxide
from the atmosphere and to act as a carbon res-
ervoir (Grassi et al. 2017; Lindroth, Tranvik 2021;
Roe et al. 2021).

While the importance of non-productive forest
functions and services has been steadily increasing
in recent decades, forest policies must primarily
evaluate the effect of production function which
remains pivotal in the self-sustained economy
of any forest owner.

In the context of the increasing global greenhouse
gas emissions reaching 35.8 Gt CO, eq. in 2023 (Liu
et al. 2024), all processes and mechanisms reduc-
ing emissions or increasing carbon sinks have be-
come increasingly valuable. Wood is a key outcome
of carbon dioxide sequestration. The global aver-
age annual production of harvested wood products
in the period from 1992-2015 is estimated to ac-
count for 0.277 Gt (gigatons) of carbon (C) (Zhang
et al. 2020) which highlights the importance of ac-
tive forest management.

For comparison, a total amount of 226 Gt C was
recently estimated as the current global potential
for forest vegetation to sequester additionally, once
the protection and restoration measures are fully
implemented (Mo et al. 2023). This figure is by sev-
eral orders higher, as it represents the potential
total additional amount to be reached over a long
period. Also, the authors of the above study explic-
itly note that the role of active forest management
cannot be disregarded and should be considered
for its substitutional function in providing woody
products that are emission less-intensive as com-
pared to their alternatives. This effect is called
the substitution or displacement effect (Leskinen
et al. 2018; Howard et al. 2021), and it is accounted
for by appropriate factors.

The carbon balance-related impacts of the deci-
sion to prioritise active forest management or leave
the forest to spontaneous development need
to be better evaluated and understood. Therefore,
this study aims to provide estimates showing the ef-
fects of active forest management on carbon stock
in comparison with unmanaged forests in Central
European forestry.
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MATERIAL AND METHODS

The research aims to compare the carbon bal-
ance of an unmanaged forest stand left to develop
spontaneously with a forest stand managed in the
standard way for two rotation periods. The com-
parison used three main tree species occurring
in the Czech Republic: Norway spruce (Picea abies),
European beech (Fagus sylvatica), and pedunculate
oak (Quercus robur). Scots pine (Pinus sylvestris)
was not included in the analysis because there
are no unmanaged Scots pine stands documented
in detail in the country. In managed forests, the car-
bon balance of the stand includes wood products
produced during both rotation periods and their
substitution factor. The rationale behind the selec-
tion of two rotation periods is that we study prod-
ucts with carbon dynamics exceeding the duration
of a single rotation period. The substitution factor
indicates the amount of carbon emissions that can
be avoided by using wood instead of greenhouse
gas-intensive materials.

Unmanaged forest. To model the unmanaged
forest stand, we referred to publications that focus
on the dynamics of primary forest reserve devel-
opment in the Czech Republic (Vrska 2002, 2006).
The publications were used to select primary forest
reserves dominated by Norway spruce, European
beech and pedunculate oak. For each selected pri-
mary forest reserve, the growing stock of living and
dead trees per ha was determined based on aver-
age values. This approach is based on the assump-
tion that all growth stages (stage of growth, stage
of optimum and stage of disintegration) are present
simultaneously. A stable average growing stock
of living and dead trees is assumed for the whole
period (Table 1).

The amount of carbon stored in the living trees
was calculated using the Intergovernmental Panel
on Climate Change (IPCC) reporting methodology
and national coefficients for specific tree species
(CHMI 2023). To calculate the biomass, we used bio-
mass conversion and expansion factors (BCEF) for
the aboveground biomass (Norway spruce — 0.555;
pedunculate oak — 0.813; European beech — 0.699)
and root/shoot ratio for the belowground biomass
(Norway spruce — 0.21; pedunculate oak — 0.23; Eu-
ropean beech — 0.23). The biomass was then con-
verted to carbon using a fraction of carbon 0.508
and 0.488 for coniferous and broadleaved tree spe-
cies, respectively (Thomas, Martin 2012). The same
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Table 1. Selected primary forest reserves and their growing stock characteristics (Vr$ka 2002, 2006)

Share of growing stock

Growing stock per volume

Forest reserve Tree species (%) (m3ha™)

live trees dead trees live trees dead trees total
Polom nature reserve Norway spruce 70.3 24.1 593 138 731
Cahnov-Soutok pedunculate oak 35.2 80.9 549 133 682
national nature reserve
Zdkova hora European beech 60.3 57.8 580 133 713

national nature reserve

approach was used for dead wood, but the amount
of carbon was reduced to 50% because it was as-
sumed that on average, half of the dead wood was
decayed.

Managed forest. The development of a man-
aged forest was modelled for both rotation pe-
riods using compound forest figures from yield
tables valid for the Czech Republic (Cerny, Patez
1996). Corresponding to the selected primary for-
est reserves, average absolute height classes were
used for modelling the growing stock develop-
ment, with Norway spruce at 32, pedunculate oak
at 30, and European beech at 30. Thinning and
felling intensities defined in Decree No. 84/1996
were applied to the related age classes to derive
the amount of wood removals. The initial growing
stock of a particular age class was reduced by the
harvested volume, and the increment percent-
age was applied to the remaining growing stock.
The amount of deadwood was estimated to be 10%
of wood removals as the information on the distri-
bution of deadwood by age class and tree species
was not available. The amount of carbon stored
in the living trees and dead wood was calculated
using the same methodology as for the unmanaged
forests, only age-class-based BCEFs were used.
An area-based approach was also applied, assum-
ing that all age classes were available simultane-
ously and occupied the same area.

The potential amount of industrial roundwood
and pulpwood for further wood processing was cal-
culated based on wood removals, using the shares
of industrial roundwood and pulpwood defined
in the assortment tables (Simanov 1996) for the av-
erage qualities of particular tree species. For saw-
logs and veneer logs, average shares of products
and co-products for the conditions of the Czech
Republic were used, considering the tree species
group, as stated in Table 2. In the case of pulpwood,
we assumed a 10% loss, with the remaining amount

divided between pulp and wood-based panel pro-
duction. Considering the wood processing capaci-
ties of coniferous and non-coniferous tree species
in the Czech Republic, we allocated 68% for pulp
production and 32% for wood-based panel pro-
duction to both tree species groups. Wood chips,
which are co-products from the sawmill industry,
are also processed for pulp production.

Wood fuel, logging residues and wood pellets
produced from sawdust in sawmills are also con-
sidered wood products.

In order to assess the carbon balance of wood
products comprehensively, we also included their
substitution effect in the calculation. The substitu-
tion factor for wood products, also known as the
displacement factor, is a unitless ratio that mea-
sures the reduction of greenhouse gas emissions
achieved by using a wood-based product instead
of an alternative product that serves the same pur-
pose (Leskinen et al. 2018). An equation of the
substitution factor (SF) calculation was introduced
by Sathre and O'Connor (2010) and is presented
below as Equation (1):

— GHGother - GHGwood

SF (1)
WU y00a = Wl gther
where:
GHG e, — emissions resulting from the use
of other material (mass units of C);
GHG,0q — emissions resulting from the use

of wood alternatives (mass units of C
contained in wood);

WU, oot WU ey — amounts of wood used in wood and
non-wood alternatives, respectively.

The positive value indicates that using a wood
product results in lower GHG emissions compared
to using a non-wood product. The value of the sub-
stitution factor depends on the type of non-wood
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Table 2. Shares of harvested wood products and co-
products (HWP)

Conifers Broadleaves
Assortment HWP %) %)
sawnwood 60 50
Sawlogs

chips (paper) 25 30
panels 29 29

Pulpwood
pulp (paper) 61 61

product thatis being replaced by awood productand
on the life cycle stages that are taken into account
during the calculation. The average substitution ef-

(A)

https://doi.org/10.17221/74/2024-JES

fect of 1.2, as reported in Leskinen et al. (2018), was
applied to all wood products produced from man-
aged forests at the time of production.

In accordance with the IPCC reporting guide-
lines (IPCC 2006), respiratory losses were applied
to sawnwood, wood-based panels, paper and pa-
perboards, with half-lives of 35, 25 and 2 years,
respectively. For wood fuel, a half-life of 3 years
was used. Logging residues and wood pellets were
assumed to be used shortly after production and
therefore respiratory losses were not applied.

The cascade of removals processed into further
products is visualised in Figure 1.

sawnwood: 41%

sawlogs: 68%

removals: 100%

pulpwood: 28%

fuelwood: 5%

industrial roundwood: 95%

chips (paper etc.): 17%

sawdust and shavings: 8%
losses: 5%

panels: 8%

pulp: 17%

(B) sawnwood: 21%
sawlogs: 41% chips (paper etc.): 12%
sawdust and shavings: 6%
industrial roundwood: 91% losses: 7%
removals: 100%
panels: 14%
pulpwood: 50%
pulp: 31%
fuelwood: 9%
©)

sawnwood: 41%

sawlogs: 82%

removals: 100%

industrial roundwood: 93%

chips (paper etc.): 25%

sawdust and shavings: 12%

losses: 5%

pulpwood: 11%

fuelwood: 7%

panels: 3%
pulp: 7%

Figure 1. Processing removals for the main tree species: (A) Norway spruce, (B) pedunculate oak, and (C) European beech
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RESULTS

The unmanaged mixed Norway spruce for-
est reaches an equilibrium of 592 m3 u.b.-ha™!
of growing stock and 137 m3ha! of dead wood.
When converted to the biomass and carbon
content, the unmanaged Norway spruce forest
sequesters an average of 215 t C-ha™!. In compari-
son to this, the managed Norway spruce forest,
modelled as even-aged stands, sequesters on av-
erage 155 t C-ha™! in the aboveground biomass
and deadwood. Additionally, 45 t C is sequestered
in the harvested wood products (HWP), including
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the consideration of respiratory losses. This figure
is partially influenced by the production of the
HWP produced in the first rotation period. Ad-
ditionally, the substitution effect of the produced
wood products amounts to 24 t C. The managed
Norway spruce forest, in our case, has an over-
all sequestration effect of 224 t C-ha™!, which
is 9 t C-ha! more than the unmanaged Norway
spruce forest.

The distribution of carbon storage in the particu-
lar age classes of managed forest compared to aver-
age values both of managed and unmanaged forest
stands is presented in Figure 2.

managed forest — aboveground biomass (AGB)
managed forest — substitution effect

managed forest — deadwood

unmanaged forest — average

managed forest — harvested wood products (HWP)

managed forest — average

managed forest — aboveground biomass (AGB)
managed forest — substitution effect

managed forest — deadwood

unmanaged forest — average

managed forest — harvested wood products (HWP)

managed forest — average

managed forest — aboveground biomass (AGB)
managed forest — substitution effect

managed forest — deadwood

unmanaged forest — average

managed forest — harvested wood products (HWP)

managed forest — average

Figure 2. Carbon storage in particular age classes (10 years each) of managed forest compared to average values both
of managed and unmanaged forest: (A) Norway spruce, (B) pedunculate oak, and (C) European beech
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The unmanaged mixed pedunculate oak for-
est reaches an equilibrium of 549 m?® u.b.-ha’!
of growing stock and 133 m3ha! of dead wood.
When converted to biomass and carbon content,
the unmanaged pedunculate oak forest sequesters
on average 288 t C-ha . The managed peduncu-
late oak forest, modelled as even-aged stands, se-
questers on average 242 t C-ha™! contained in the
aboveground biomass and deadwood. Additionally,
38 t C is sequestered in harvested wood products
(HWP), including the consideration of respiratory
losses. This figure is partially influenced by the
HWP produced in the first rotation period. Addi-
tionally, the substitution effect of wood products
amounts to 27 t C. The managed pedunculate oak
forest, in our case, has an overall sequestration ef-
fect of 307 t C-ha!, which is 19 t C-ha~! more than
the unmanaged pedunculate oak forest.

The unmanaged mixed European beech forest
reaches an equilibrium of 580 m? u.b.-ha™! of grow-
ing stock and 133 m*ha! of dead wood. When
converted to biomass and carbon content, the un-
managed European beech forest sequesters on av-
erage 263 t C-ha!. The managed European beech
forest, modelled as even-aged stands, sequesters
on average 174 t C-ha™! in the aboveground biomass
and deadwood. Additionally, 51 t C is sequestered
in harvested wood products (HWP), including the
consideration of respiratory losses. This figure is par-
tially influenced by the HWP produced in the first
rotation period. Additionally, the substitution effect
of wood products amounts to 27 t C. The managed
European beech forest, in our case, has an overall se-
questration effect of 252 t C-ha™!, which is 11 t C-ha™!
lower than the unmanaged European beech forest.
The overview of all variants is summarised in Table 3.

Table 3. Comparison of carbon storage

https://doi.org/10.17221/74/2024-JES

DISCUSSION

Data from specific individual forest reserves,
which are generally mixed stands dominated by the
selected main tree species, have been compared
with even-aged and homogeneous managed for-
ests modelled using yield tables valid for the Czech
Republic (Cerny, Patez 1996). Thinning and felling
intensities for even-aged stands defined in Decree
No. 84/1996 of the Forest Act were then applied
to the related age classes to derive the amount
of wood removals. This methodological approach
was selected due to the fact that according to re-
sults of the National Forest Inventory (Kucera,
Adolt 2019), stands with a simple structure still
dominate in the Czech Republic, while data for
long-term development of mixed or uneven-aged
stands are not available in adequate detail and
amount. We are aware of possible uncertainties
associated with this approach, but our objective
was to obtain robust estimates using the current
knowledge and the best available data. A compara-
ble approach was employed by Schulze, Stupak and
Hessenmoller (Schulze et al. 2019), who utilised
yield tables to simulate the growth of managed for-
ests. Forest growth data from unmanaged forest
remnants in the Czech Republic and Slovakia gath-
ered by Korpel (1989) were used for the purpose
of modelling the growth of unmanaged forests.

Our results do not support the idea that harvest-
ing can stimulate tree growth over the long term
compared to unmanaged forests as it is presented,
for example, by Landry et al. (2021). Average carbon
storage in aboveground biomass and deadwood is,
in our results, lower for the managed forest com-
pared to the unmanaged forest. However, this dif-

Norway spruce

Pedunculate oak European beech

Forest type Carbon pool

tonnes of carbon per ha (t C-ha™!)

aboveground biomass
Unmanaged forest deadwood
total
aboveground biomass
deadwood
HWP

substitution effect

Managed forest

total

201 268 244
14 19 19
215 288 263
154 241 173

1 1 1
45 38 51
24 27 27
223 307 252

HWP — harvested wood products
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ference is sufficiently outweighed by carbon stored
in the harvested wood products and by the substitu-
tion effect of these. Schulze et al. (2019) observed
comparable outcomes for Norway spruce and
European beech. For Norway spruce, over a 350-
year projection period, the biomass stocks aver-
aged 349 m*>ha! under managed conditions and
406 m*ha! under unmanaged conditions. However,
after incorporating wood products, the managed al-
ternative reached 624 m*>ha~!. That positive effect
was also demonstrated in the case of European beech.
In this instance, the stocks were found to be lower,
at 279 m*>ha~! in managed European beech versus
324 m>ha~! in unmanaged European beech. How-
ever, following the inclusion of wood products, the
managed alternative reached 543 m®ha-!.

For unmanaged forests, it is assumed that all
growth stages (stage of growth, stage of optimum
and stage of disintegration) are present simulta-
neously. The stage of disintegration, particularly
in the case of Norway spruce, can spread easily
over large areas and cause a significant reduc-
tion in carbon stock due to the loss of incre-
ment and decay of dead wood. The difference
between the average value and the stage of dis-
integration is 36 t C-ha™! in the selected Norway
spruce reserve.

Our results show that the mitigation potential
of forests can be enhanced by active forest manage-
ment and the use of harvested wood products. This
enhancement can be further supported by maxi-
mising the use of wood products with a longer life
cycle, such as construction wood etc. Similar re-
sults, underlining the impact of different harvest-
ed wood use on carbon balance and the necessity
to prolong the wood products' life cycle, were re-
ported by Valade et al. (2017). Schulze et al. (2019)
compared managed and unmanaged Norway
spruce and European beech forests in Germany
and found that managed forests provide greater
climate benefits, particularly when wood is used
as a substitute for fossil fuels and fossil extensive
materials. The study showed that managed Norway
spruce forests contribute more to climate change
mitigation than managed European beech forests.

The substitution factor for wood products de-
pends on the type of non-wood product that is be-
ing replaced by a wood product and on the life
cycle stages that are taken into account during the
calculation. According to several authors, there
is a high variability and uncertainty in the quanti-

fication of substitution factors (Smyth et al. 2017;
Leskinen et al. 2018; Kallio et al. 2023). We used
the average substitution factor of 1.2 derived by Le-
skinen et al. (2018), who provided a comprehensive
review of substitution factors based on 51 individ-
ual studies and many of these studies covered only
the production stage. Average substitution factors
were also derived by broad product categories and
for different life cycle stages.

If we used the substitution factor 2.1 derived
by Sathre and O'Connor (2010), the managed Euro-
pean beech forest would achieve a total sequestra-
tion effect of 273 t C-ha™!, which is 10 t C-ha~! more
than the unmanaged European beech forest. Sathre
and O'Connor (2010) focused mainly on the con-
struction sector and considered end-of-life stages.

Moreau et al. (2023) used the following substitu-
tion factors for the province of Quebec, expressed
as the amount of carbon emissions avoided per
tonne of biogenic carbon in the wood product:
0.91 t C-t C! for sawnwood and 0.77 t C-t C*! for
panels and other sawmill products. These substitu-
tion factors do not include energy recovery at the
end-of-life stage but rather landfilling. Emissions
from wood product decay were calculated us-
ing a decomposition function with half-life values
based on the Intergovernmental Panel on Climate
Change (IPCC 2006). An analysis of the substitu-
tion factor for non-coniferous sawnwood is miss-
ing. The amount of carbon in European beech
or pedunculate oak wood is 39% higher than
in Norway spruce wood, so the substitution fac-
tor should be considerably higher. This could lead
to an underestimation of the total sequestration ef-
fect of managed European beech and pedunculate
oak forests.

Following the IPCC (2006) reporting guide-
lines, respiratory losses were applied to sawn-
wood, wood-based panels, paper, and paperboards,
with half-lives of 35, 25, and 2 years, respectively.
For wood fuel, a half-life of 3 years was used. This
approach assumes a gradual release of carbon
from these products immediately after production,
which is not the case for long-lived products. This
methodology neglects recycling and energy recov-
ery of products, despite the fact that both processes
have a substitution effect. Iordan et al. (2018) found
that assuming all harvested carbon is instanta-
neously oxidised can lead to large biases and ulti-
mately overlook the benefits of negative emissions
of HWPs. They used the product-specific mean
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half-life and Chi-square distribution to model the
decay. This approach resulted in 64-91% lower
carbon emissions per year in the harvested wood
products pool in Finland, 49-96% in Sweden, and
6-91% in Norway.

Set aside further forests without management
will result in decreased roundwood production
leading to roundwood production leakage to other
countries. Schulze et al. (2019) stated that in the
case of Germany, a forest area 5-10 times larger
will be needed to replace roundwood production
in the boreal climate zone due to the higher pro-
ductivity of German forests. Forests in the Czech
Republic are equally productive as those in Ger-
many, indicating a similar potential for leakage ef-
fects. In the study by Dieter et al. (2020), a possible
leakage effect was evaluated for the EU resulting
from the fulfilment of the objective of the EU bio-
diversity strategy for 2030. The study found that the
overall roundwood production is expected to de-
crease by 42% in the EU-27 by 2050. This decrease
will be compensated by the increased roundwood
production in non-EU countries that have a sig-
nificantly higher proportion of intact forests com-
pared to the EU. From our point of view, it is also
important to consider the higher carbon footprint
caused by transporting roundwood over long dis-
tances. The potential leakage effect is then an im-
portant factor for the preference of active forest
management.

This study does not include a scenario out-
look that would consider an expected tree spe-
cies composition change in the Czech Republic.
Nevertheless, the positive effect of carbon storage
management was confirmed for Norway spruce
and pedunculate oak, whereas European beech re-
sulted in slightly lower total carbon storage as com-
pared to the unmanaged option. With the expected
increase of broadleaved tree species share in the
future, we can only highlight the necessity of prop-
er harvested wood use with the aim to maximise
long-term carbon storage in harvested wood prod-
ucts and their substitution effect.

It should be noted that the growth performance
and productivity of forest stands have increased
in recent decades (Pretzsch et al. 2014, 2023). In the
conditions of temperate Europe, this is mainly at-
tributed to a strong fertilisation effect of nitrogen
deposition (Kahle et al. 2008; Cienciala et al. 2018),
although several other factors linked to the chang-
ing climate and rising CO, concentration most
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likely affect the productivity, too. For example, for
Scots pine in the temperate region, the growth was
reported to increase by 26% from 1975 to 2015
(Pretzsch et al. 2023), while other, more recent
studies, suggest that this growth pattern apparently
peaked in line with the N-deposition trend and de-
creased again in recent years (Prietzel et al. 2020).
Therefore, the national growth and yield tables for
the Czech Republic (Cern}'l, Pafez 1996), which are
adopted in the Czech Forest Act and forest plan-
ning practice, and which were also used in our anal-
ysis to model the development of managed forests,
may underestimate the actual increment and our
estimates of carbon storage. This underestimation
of the real current increment was also confirmed
by the Czech National Forest Inventory (Maéslo
et al. 2023). Specifically, the increment derived
from forest management plans using yield tables
is, on average, 1.28 m>-ha~! lower compared to the
National Forest Inventory (NFI) results 2016—-2020
(Méslo et al. 2023). This represents a likely under-
estimation of 15%. Correspondingly, the actual
positive effect of forestry on carbon storage may
be stronger than indicated by our estimates, which
remain rather conservative.

It is important to note that the short-term emis-
sion reduction targets set by the EU in its Green
Deal policy framework and related regulations,
such as EU Regulation 2018/841 and its revision,
EU Regulation 2023/839, are in apparent con-
flict with forestry practice, at least in Central-
European conditions. These policies prescribe
specific GHG emission reduction targets for 2025
and 2030 to be reached by forestry sectors in the
Member States (MS). Noncompliance would re-
sult in a monetary penalisation in relation to CO,
units beyond the prescribed threshold. In fact,
such a policy commonly contradicts the actual for-
est practice based on traditional forest manage-
ment planning and long-term forestry goals, which
do not include any specific mitigation targets yet.
Hence, these policy goals set at EU and MS lev-
els and their short-time horizons are incoherent
with the forestry planning in Central Europe. This
issue remains to be addressed for a balanced pri-
ority setting in forestry to retain long-term sustain-
ability, prioritising adaptation for the conditions
of changing climate. This is the precondition for
delivering other expected functions and services
expected from forests and forestry, including pro-
duction and climate change mitigation. Note that
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providing these functions is secondary, resulting
from — and dependent on — successful adaptation
management.

CONCLUSION

Our results indicate that under the specific con-
ditions of Central European forestry, active for-
est management has a stronger quantitative effect
on carbon sequestration and storage as compared
to unmanaged forest in the case of Norway spruce
and pedunculate oak. Our data did not show this
for European beech forest management, which re-
sulted in a slightly lower effect on carbon storage
relative to its unmanaged alternative. However,
our estimates for all species were rather conserva-
tive due to the adopted factors affecting the results
(increment and substitution factors for HWP con-
tribution). Hence, our results confirm that at least
in the conditions of Central European forestry, ac-
tive forest management, together with appropriate
use of wood products, can serve well as an impor-
tant climate change mitigation tool, while provid-
ing irreplaceable benefits in terms of both wood
production and other ecosystem functions.
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