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Abstract

Background and Purpose: The concentrations of
greenhouse gases in the atmosphere have been
increasing over the last hundred years in relation to the
Fourth IPCC assessment report that highlighted human
activities as a direct influence on climate changes. Since
Croatia and Finland signed the Kyoto Protocol, they
are both committed to fulfil international obligations
of lowering GHG’s emissions, enhancing the storage,
as well as protecting and enhancing the current pools
where the forestry sector has a prominent role. These
obligations created a need for a review on carbon
storage potentials for both countries with the aim of
setting further scientific and management guidelines as
the basic purpose of this research.

Materials and Methods: Data collection was conducted
within the scope of the Sort Term Scientific Mission
(STSM) in the period from May 2 — July 22, 2009 in
the Finnish Forest Research Institute in Joensuu. The
research encompassed an overview of literature,
personal contacts with scientists and experts from
both countries (research institutes, ministries, the
EFI branch office in Joensuu) and a field inspection
which altogether provided an insight into the applied
silvicultural and utilization activities. A significant data
source were official documents and published project
results on the carbon storage potential.

Results and Discussion: Mitigation activities within the
framework of the LULUCF project reduced the total
emissions for 33.4 millions tons of CO, equivalents
in Finland in 2006 (this data has varied from 18 to
33.4 millions tons CO, equivalents in the last fifteen
years) while for Croatia the availability of such data
is limited. Finland has some former agricultural land
which may be afforested but not in the substantial
share, while in Croatia such areas amount to around
1 million ha. According to the climate change scenario
for Finland (FINADAPT), predicting the largest climate
changes, the total forest growth nationwide is
estimated to increase by 44% which will have positive
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impact on the forest carbon storage in the future.
In Croatia there is no such kind of research. There
is about 12.6 % of all forest land in Finland under
protected forests (strictly protected areas about
3.6 %) in which enhancement of carbon storage
potential may be enhanced. About 21% of the forests
in Croatia (513 155 ha) are forests in some degradation
stage in addition to about 500 ha of forests where
management is prevented because of the land mines.
These areas present a potential for carbon storage
enhancement. Forest fires pose a great threat to carbon
pools especially in the Croatian karst areas where the
total of 251 901 ha of the Croatian land area burned
in the period 1992-2007, which in average amounts to
15 744 ha annually. Nevertheless, Finland and Croatia
do not undertake any significant current deforestation
activities.

Conclusions: Even though Croatia and Finland have
the same goals, they also show significant differences
in relation to the already finished, current and planned
scientific activities, legislation, implementation, natural
conditions and constrains of CO, sequestration and
storage. It is estimated that a SIgn/f/cant potential in
Finland lies in the reduction of CO, emissions through
substitution effects, protection of Stored carbon pools
in forest ecosystems, avoiding the changes in land
use, etc. Croatia, on the other hand, has a significant
potential through afforestation activities on uncovered
forest and abandoned agricultural lands. Further
research on the categorisation of land, appropriate
species and provenances selection is necessary. The
effects of individual measures on emission reduction
and carbon balance by forests are small on the national,
as well as on the European scale, but if combined
together the overall effects present a great potential to
fulfill international obligations in both countries.

Keywords: Kyoto Protocol commitments, natural
conditions, legislation, silvicultural activities, land use
change.
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INTRODUCTION

the atmosphere have increased over the last hundred
years. According to the Fourth IPCC assessment re-
port [1] the concentrations of the GHGs, e.g. carbon
dioxide (CO,), methane (CH,), nitrous oxide (N,O),
ozone and halogenated hydrocarbons (F gases) in
the atmosphere have increased over the last hundred

mosphere, both natural and anthropogenic, that ab-
sorb and emit radiation at specific wavelengths within

greenhouse gases prevent heat from radiating back
into space, as a consequence of which they cause
the greenhouse effect (global warming). According
to the IPCC 2007 report [1], human activities were
highlighted as a direct influence on climate change

atmosphere and therefore mitigate climate changes
[1-6]. According to Goodale et al. [7], forests in the
northern hemisphere (Canada, United States, Europe,

per year (1Pg = 10" g) during the early 1990s. The in-
ternationally accepted definition of mitigation states
is that they are anthropogenic interventions to reduce
the anthropogenic forcing of the climate system [1].

emissions, as well as enhancing GHGs sinks. Accord-
ing to the Protocol agreed upon at the Third UNFCCC
(United Nations Framework Convention on Climate
Change) in Kyoto [8], industrial economies and econ-
omies in transition are committed to reduce their
collective emissions in 2008-2012 to 5% below the
levels of 1990.

their ratification and implementation in legislative
and forest management is quite different. The human
influence on forests in both countries has been
extensive and it has a long history. In Finland the
livelihood and cultural development of humans has

been more dependent on forests than anywhere else
in Europe. The forest cover in Finland is more extensive :

than in any other European country. The three fourths

23 million hectares) [9]. The forest cover in Croatia is
about 2.5 million ha [10] and Croatia has about 10
times less forest area per capita then Finland, 79.23
m?3in Croatia and about 412.48 m? in Finland. About
60% of Finland’s forests are privately-owned, while the

situation in Croatia is completely different with about :
81% of state-owned forests [11]. “Metsahallitus” :
i these two countries, both countries have the same

in Finland and “Croatian Forests Ltd” in Croatia

manage, use, and protect natural forest resources

. and other property on the state-owned lands under
: their administration. In Finland, the function of the
The concentrations of greenhouse gases (GHGs) in

151 Forest Management Associations is to promote

‘ the profitability of forestry practiced by forest
: owners and to support the attainment of objectives
‘ they set for their operations. The associations are
: funded and operated by the forest owners. The
: Forest Management Associations
i geographically into Unions of Forest Management
years. The GHGs are gaseous constituents of the at- !

are organized

Associations (ten unions as of January 15t 2007). In

© Croatia, the Forest Advisory Service was established
£ in 2007 and empowered by the Government to advise
the spectrum of the infrared radiation emitted by the
Earth’s surface, atmosphere and clouds. In this way

forest owners, but also to fulfill legal obligations in
the management, exploitation and protection of

i private forests. In 2010, the Croatian Government
* canceled all activities of the Forest Advisory Service
i and once again empowered the “Croatian Forests
© Ltd.” to manage private forests, due to the cutting of
. expenses of government services.

and the current scientific knowledge confirms that
forests may reduce the concentration of CO, in the

Natural conditions for forest growth in these two

. countries are quite different which has a direct impact
© on the possibilities of carbon storage. Croatia lies in
. the temperate and the Mediterranean zone, while
Russia, China) provided a total sink for 0,6-0,7 Pg of C : Finland is situated in the boreal zone. Therefore,
. the conditions for forest growth are completely
i different, nevertheless, both countries have specific
© areas with large limitations for forest growth. Owing
. to the conditions in the north, forest management
They include strategies to reduce GHGs sources and

in Finland takes place in climatically exceptional
conditions because of the low temperature and
high precipitation [12]. Geographically, Finland lies
in the intermediate zone between the maritime and
continental climates, belonging mostly to the boreal
vegetation zone. Because Finland is over 1.100 km long

. on the north-south axis, the conditions for growth
¢ vary considerably between the southern and northern
. parts of the country. Croatia has also very different
Finland and Croatia signed the Kyoto Protocol, but :

conditions for forest growth, from the lowland
regions with the temperate climate, mountains and
hilly regions, to the Mediterranean part with specific
climate limitations, such as low precipitation in the
vegetation period, high temperatures and high risks of
natural disturbances. The impacts of climate changes
on the forest cover in Europe and its ability to store
carbon dioxide are at the moment well-discussed at

. international conferences and addressed by numerous
of the land area in Finland is covered by forests (some

international projects. Climate changes have a
different impact on both countries with estimations
that the impact is to be more severe in Croatia due
to the already harsh conditions of high temperatures
and drought periods in the Mediterranean part (e.g.
Joensuu Forestry Networking Week, 2009).

Even though there are specific differences between

goals to meet their international obligations, in the
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first place the Kyoto Protocol, but also other EU :
. created a need for a review of the carbon storage
and adaptation issues. Within the scope of those :
obligations, both countries should try to enhance :
carbon sequestration if possible and preserve and '
enhance current carbon pools through their activities. :
There are several different ways to achieve the ! MATERIALS AND METHODS
goals of mitigation through forestry and the forest- :
based sector. The first is the mitigation through !
carbon dioxide storage in forest lands, and through :

and UN obligations related to specific mitigation

the active management of forests by increasing
the sequestration capacity of wooden biomass.
The second encompasses the reduction of carbon

products. Emissions trading, according to Article 17

that exceed their targets. Each carbon credit, known
as a Certified Emission Reduction (CER), represents a

other greenhouse gas [8].

project (land-use, land-use change and forestry)
[13]. It encompasses afforestation, reforestation

definition of UNFCC [14] is the direct, human-induced
conversion of lands not forested for a period of at
least 50 years to forested lands by planting, seeding
and/or the human-induced promotion of natural
seed sources. “Reforestation” [14] is the direct,
human-induced conversion of non-forested

forested lands. Those mitigation activities in Finland
reduced the total emissions for 33.4 millions tons of
CO, equivalents in 2006. This number has varied in
the last fifteen years from 18 to 33.4 millions tons
CO, equivalents. For Croatia, the availability of this
kind of data is rather limited.

of the change of land use on the global scale refers
mainly to deforestation activities. Forest fires also pose
a great threat to climate change mitigation since they
release the stored carbon into the atmosphere and
reduce carbon stocks in the living biomass. In relation
to different intensities of wild forest fires, there are

more and less dangerous fires which have to be !
taken into account. Some forest fires may influence :
the forest's ability to regenerate which causes the !
total devastation of the burned area. These already

lands

to forested lands by planting, seeding and/or the
human-induced promotion of natural seed sources, :
on lands previously forested but converted to non- !

mentioned national and international obligations

potentials for both countries with the aim of setting
further scientific and management guidelines as the
basic purpose of this research.

Since the options and potentials for climate change
mitigation depend on local circumstances and

- specific issues, the need arose within the scope of the
¢ COST Action ECHOES (Expected Climate Change and
© Options for European Silviculture, Working Group Il
dioxide emissions through, for example, forest wood

Mitigation) to investigate differences and possible

. similarities of the potentials for climate change
of the Kyoto Protocol, allows countries that have extra :
emission units to sell this excess capacity to countries :
© Scientific Mission (STSM) in the period from May 2 -
: July 22, 2009 in the Finnish Forest Research Institute
ton of carbon dioxide, or an equivalent, not emitted :

mitigation in Finland and Croatia. The research
was conducted within the scope of the Sort Term

in Joensuu. This international cooperation was based

. on the mitigation potential comparison together with
¢ political, legislation and managementimplementation

The potential of forests to mitigate climate changes
is defined within the framework of the LULUCF

issues and, therefore, presents the basis for creating
a COST database on the potentials of forests and

i forest products in Europe to mitigate climate change.
. The research encompassed an overview of literature,
and different silvicultural practices which enhance :
carbon sequestration by forests (e.g. an increase :
in the growing stock and its influence on carbon '
storage in the soil). “Afforestation” according to the !

personal contacts with scientists and experts from
both countries (research institutes, ministries, the
EFl branch office in Joensuu) joined with a field
inspection, which altogether provided an insight into
the applied silvicultural and utilization activities. A
significant data source were official documents and
results of the published project on the carbon storage
potential.

RESULTS AND DISCUSSION

Historical Circumstances, Current
Legislation and Associated Projects

The Kyoto Protocol, besides committing industrial
economies and economies in transition to reduce
their collective emissions to five percent below
the levels of 1990 in 2008-2012 [1], also obliges
them to implement the containing measures to

- mitigate climate change into their policies national
: programmes by addressing the sources and removals
Within the scope of the LULUCF project, the avoiding | PY sinks. Furthermore, they have to promote the
¢ processes that control, reduce or prevent emissions

of GHGs in relevant sectors and promote sustainable
management, conservation and enhancement of
sinks and reservoirs, including biomass, forests and
oceans, as well as other terrestrial, coastal and marine
ecosystems.

Finland

In Finland, the Ministry of Environment is in
charge of the matters related to the UN’s Framework
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Convention on Climate Change (UNFCCC) and

international negotiations under the Convention [9]. :
Several national expert teams were nominated to :
© Convention on Climate Change and the Kyoto
The Finnish statements to the climate negotiations :
were prepared under the “Climate Work Group” and
the “Gas Work Group”, nominated by the Ministry of :
Environment which is responsible for the Finland's
Annual Inventory Report on GHGs submitted to
the UNFCCC [15-17]. Finland’s National Strategy '
for Adaptation to Climate Change was completed
in 2005. The Strategy described, among other :
things, the impacts of climate changes on forestry :
and outlined measures to be implemented in the
i (Europe/CIS region)” [31]. With the above mentioned
the research program on the adaptation to climate !
i addressing climate change mitigation in Croatia.
Research Programme) was launched in 2006 [18, 19].

facilitate the negotiation and the reporting process.

forest management. On the basis of the Strategy,

change, called ISTO (Climate Change Adaptation

In Finland, according to Karjalainen and Makipaa

forest inventory results with appropriate studies on

overall default values provided in the IPCC guidelines.

Several studies assessing carbon stocks and fluxes, as
: were carried out within the scope of activities of the
i Croatian Forest Research Institute [34, 35].

well as the impacts of forest management on carbon
stocks and fluxes, were carried out in several research
organizations. Besides the already mentioned
annual national reports under the UNFCCC, there is
an immense amount of literature related to climate
change mitigation in Finland [20-30].

Croatia

of Environmental Protection, Physical Planning
and Construction is in charge of the international
negotiations under the UNFCCC [31]. Even though
Croatia signed the Kyoto Protocol in 1990, the
document was not ratified until May 2007, after
long and hard negotiations to assure an equal

position as all other European countries. As a result :
. countries [40].
Croatia, the initiation of the Kyoto related activities !

of specific circumstances related to the war in

in legislative and political terms, together with its
implementation in Croatia, was delayed in relation to
other countries. In February 2002, Croatia issued its
first National Report on greenhouse gas emissions for
the UNFCCC, followed by others [32, 33]. The Ministry

has recently published the National Strategy for the :
© got a certain amount of former agricultural land to be
: afforested within the scope of the LULUCF activities,
the Republic of Croatia with an action plan [31]. This !

Implementation of the Framework Convention on
Climate Change (UNFCCC) and the Kyoto Protocol in

. Strategy was published on the basis of the Project

LIFEO4 TCY/CRO/029: “Capacity Buildingfor the
Implementation of the United Nations Framework

Protocol in the Republic of Croatia”. There are several
projects related to climate change issues conducted
within the scope of the Ministry of Environmental
Protection, Physical Planning and Construction and
several other scientific institutions in Croatia.

For example, “Expedited Financing of Climate
Change Enabling Activity - Phase Il (CRO/03/G31/
A/1G/99)" [31]; “UNDP/GEF Capacity Building for
Improving the Quality of Greenhouse Gas Inventories

documents the Ministry provided the base for

Studies related to carbon storage in Croatia were

. conducted within the scope of the activities by the
[15], the national reporting of GHG inventories for !
changes of land-use and forestry category utilizes !
© the Managed Pedunculate Oak Forests; Enhancement
the allocation of biomass and wood properties, as :
well as the national wood consumption statistics :
allowing the use of country-specific values instead of
i carbon stocks and fluxes, as well as the impacts of

Croatian Forest Research Institute (projects lead by H.
Marjanovi¢: The Sustainability of Carbon Storage in

of the Information System “HS Fond” with a Module
for Monitoring and Recording Carbon Forest
Storage” HS-Fond-Carbon”). The studies assessing

forest management on carbon stocks and fluxes

In Croatia, the literature related to this kind of
research is rather limited due to the fact that most
research is still in progress and only some results
were published [33, 34, 35, 37]. Papers published

 up to now are more related to the production of the

The situation in Croatia is quite different from biomass of different alohtonous and autochtonous

the situation in Finland. In Croatia, the Ministry species in various bioclimates in Croatia [38, 39].

Afforestation Activities

In Article 3.3 of the Kyoto Protocol [8], the UN
stated that carbon sequestration after afforestation
may be accounted as a sink in the national GHG
budgets. Therefore, these activities present a possible
solution in the GHG emission reduction for many

Finland

Small amounts of potential areas for afforestation
in Finland, together with complex issues of the
transformation of peat into the forest soil, limit
these activities and significantly influence its carbon
balance (H. Peltola, unpublished data). Finland has

but not in the substantial share which would make
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it significant as a carbon sequestration potential
on the national level.

significant.

The significance for afforestation and reforestation

thirds). There are some areas (the Lapland area)

where, by means of natural succession induced by
. the afforestation of former agricultural land, there
further towards the north. Those areas have a large :
i those areas since there is no current data on the
therefore, specific activities should be applied to
prevent the tree limit shifting [19]. There are also 3.2
million ha of wasteland in Finland, but the capability :
to produce volume increment on those areas is low
(less than 0.1 m? ha' year") so those areas have no :
: Tijardovi¢, within the Ministry of Science, Education

changed climatic conditions, the tree limit is shifting

biodiversity and a low share in the total country area,

significant potential for climate change mitigation
through afforestation. There are current research
activities, for example, in the Mekrijarvi research
station of the University of Eastern Finland, about
the potential of biomass production with reed canary
grass on drained peat lands and the influence on

carbon emissions from peat, but such activities do
i Croatia (“Afforestation of Karst Wasteland in the
© Lika Region” and “Management of Forest Cultures in
© Croatia with a Special Attention on the Conversion

not belong to the forestry sector.

Croatia

Available areas for afforestation in Croatia are
subjects of rough estimation. They amount to
around 1 million ha, which, in comparison with the
total of 2 688 687 ha of forests and forest land,
clearly shows the importance of the afforestation

potential and possibilities for Croatia [42]. Croatia
i the scientific knowledge in Croatia and therefore it

has a bigger potential for mitigation through

afforestation of abandoned agricultural lands |n
relation to its land area than Finland. Some of !

the Management units in private forests have
already been substantially enlarged by areas left to
natural succession (abandoned agricultural lands).
The exact size of these areas will be known after
the completion of the new management plans for
private forests, but evidently those areas are growing

constantly. The problem is that the afforestaton of
those areas is expensive and there are no current :
in Croatia for afforestation activities. °

subsidies

: areas which were

. Therefore, many of those areas are in some stage
Most of the abandoned
agricultural land suitable for afforestation in Finland
are former peat land areas, and those have mostly
been afforested by now so they present no actual :
sequestration potential (Heli Peltola, unpublished
data). Nevertheless, there is a certain controversy :
about the afforested peat land areas since they
may increase carbon emissions in relation to the
original peat lands, but lower methane emissions.
In that way, they may have a positive impact on the :
reduction of GHG emissions [40] but its share in the :
total GHG balance for Finland would probably not be :

of degradation waiting for the management to take
effect. The current management plans incorporate
some traditional management activities for the
spontaneously afforested areas through natural
succession, but climate change mitigation or
adaptation measures were not implemented. Also,
those areas are in different bioclimates in Croatia with
different volume production capacities (e.g. high in
lowland areas and rather low in the Mediterranean
region), so if the true potential of these areas is to be
known, there should be more scientific research on
this matter, especially in the Mediterranean region.

On the other hand, there are 208 467 ha of

© available uncovered forest land for afforestation
of other uncovered lands in Finland is low in terms :
of climate change mitigation. Finland has the largest
share of the forest cover in the whole Europe (three !
. therefore, different potentials for climate change

activities in Croatia [11] which is a significant area.
This land has a different share in separate regions
of Croatia with different production capacities and,

mitigation. In this case, as well as in the case of
is no current data on sequestration expected in

soil sequestration and the potential productivity on
separate sites (carbon storage may be estimated
through the potential of wood production on
separate sites). The project “Preservation of Stability
and Productive Ability of Forest Cultures” (Peri¢ and

and Sport) deals with the issue of establishing and
producing forest cultures throughout Croatia. Also,
two ongoing projects (2011-2013) conducted under
the auspice of the “Croatian Forests Ltd” (Peri¢ and
Tijardovi¢) deal with afforestation activities and
the potential production in the continental part of

Activities”). There are some estimations of carbon
sequestration within the scope of the UNFCCC
national reports, but there should be more research
to gain more reliable and more accurate estimations
(especially for specific regions). Nevertheless, carbon
sequestration in the soil currently presents a gap in

requires more scientific research on this matter. The
presented information is related only to the uncovered
state-owned forest areas, while the precise size of
privately-owned wasteland areas is still unknown.
There may be some potential in forest lands in
private ownership in Croatia as well, because there
are many unsuccessfully naturally regenerated
left to natural succession in
the past (their current state in most cases is
some degradation stage, which may potentially
provide more benefits for the carbon balance on
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the national level), but more detailed data will be
available after the completion of management plans.
In addition, there are special issues which have not yet

beeninvestigated, regardingsomeareasintheCroatian
mountain region where pastures have been overtaken
by forests of autochthonous tree species (Picea abies)

through the process of natural succession. In those
areas the carbon pool in the soil would be decreased :
[43], but also the carbon sequestration through |

biomass production may benefit climate mitigation.
But, this process raises the issue of acceptability
from the point of gaining carbon credits, because

pastures are usually not managed (private lands with !
questionable ownership). In addition, succession

processes may induce a decrease in the biodiversity
and therefore be contradictory to the UN s Convention
on Biological diversity [44] and guidelines of the IUCN
for afforestation and reforestation for climate change

mitigation. If those areas may officially be converted :
to forests in order to gain carbon credits and wood

certificates, how much that would participate in
the total potential for mitigation in Croatia remains
an open question for further research. There is no
current data about the size of those areas, but it may

be substantial (e.g. Lika and Gorski Kotar). Therefore,
further research is needed if those areas are to be :

considered as potentials for mitigation.

Forest Extension Services

One of the main problems in both countries is that :

basically it is the responsibility of the forest owner :
¢ International Peat Society [45, 57] the maintenance

to implement those activities into their management.
For Finland, it represents an important issue due to
a high share of private forests. In Croatia, a large
gap in the knowledge about climate changes and

adaptation or mitigation activities is currently present :
. atmosphere. The remaining question in this matter

¢ is the uncertainty of climate predictions together

among forest managers or private forest owners.
The subsidies and education on climate change and
mitigation was planned to be implemented into
the actions of the Croatian Forest Advisory Service.
Currently, workshops organized within the framework

of the Low-Emission Development Strategy (LEDS)

are the only available education on climate change
of soil carbon storage after afforestation is not so

issues for forest managers or policy-makers. The
administrative period of transferring the activities
from the “Forest Advisory Service” to the “Croatian
Forests Ltd” was a period with no involvement of

private forest owners in mitigation and adaptation !
activities. In Finland, there are no current national :

subsidies for afforestation activities (excluding the
EU financing in some special cases). The education
of private forest owners is done within the scope of

the activities by the Forest Management Associations. !
Education of private forest owners and subsidies are :
probably the only way to persuade private forest :

owners to afforestate their land.

In addition, there should be more scientific research
on these issues in both countries, especially Croatia,
and the results should be incorporated by educating
forest officers, regardless of whether they work in
privately- or state-owned forests. There may be a big
potential in Croatia for mitigation by establishing
energy plantations and cultures for biomass
production, but this issue is heavily influenced by
the entire chain of biomass production, not yet
successfully established in Croatia. Nevertheless, these
activities may have a significant negative impact on
biodiversity which has to be taken into account [45].

Changes in Carbon Storage
in Soil after Afforestation

Finland

Extensive research has been done up to now and a
lot of publications are available in Finland in relation
to the influence of carbon storage in the soil after
afforestation, especially on drained peat land areas
[46-51]. Also, extensive research was done on carbon
storage in the soil with various stand ages, species
composition and predictions of climate changes [52-
56]. After afforestation and preceding the drainage
of the peat land, it becomes a source of carbon.
Nevertheless, in relation to the produced woody
biomass and related to carbon storage together with
a reduction of methane and nitrous dioxide emissions,
there may be a positive effect in some locations.
In accordance with the papers published by the

of large stores of carbon on undisturbed peat lands
should be a priority, but it was also stated that due
to changes in the climate, those areas might become
drier and therefore emit more carbon dioxide into the

with the size of those areas in the future and their
suitability for afforestation in relation to natural
succession and biodiversity.

In case of mineral soils, the temporary reduction

significant since there is a great carbon storage in
forest products which are suitable to substitute fossil
fuels and many other materials. Since the period
of afforestation of the former agricultural land is
presumably over in Finland, this presents an issue of a
lesser significance for Finland.

Croatia

For Croatia there is no currently available literature
to cover the issues of afforestation influencing
carbon storage in the soil. There is an ongoing
project regarding the carbon balance of pedunculate
oak in the lowland region of the river Kupa within
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the scope of determining carbon storage in the soil

Pteridium and Calluna species, after afforestation
with different species, would provide more accurate
data than the current estimations for other soils.
Such results would present a valuable contribution

area available for afforestation in central Croatia
with a good production capacity. Also, the research
on the influence of afforestation in different soil
types throughout Croatia and the conversion and

soil, may be interesting in relation to the changes in
the soil C pool.

Enhancement of Forest Sequestration
through Silvicultural Measures

Finland

The potential of forests to store carbon varies in
relation to climate changes [56, 57]. According to
the climate change scenario for Finland (FINADAPT),

given the largest climate changes [60], the total
forest growth nationwide is estimated to increase !

by 44% which will have a positive impact on the
forest carbon storage in the future. Nevertheless,
a high uncertainty in climate change prediction

has to be emphasized and adaptation measures :
more investigated. The second issue related to :
i there are large areas of private forests in Croatia which

silvicultural measures is concerning protected forests.
There is a share of about 12.6% of all forests and
forest lands in Finland under protection. Strictly
protected areas have a share of about 3.6% [19].
In accordance with the Opinion of the European

Economic and Social Committee on the role of forests !
and the forest-based sector at the meeting of the

EU’s climate commitments [61], there is an important
difference between commercial forests and natural
forests in terms of carbon sequestration. From the
perspective of climate protection, natural forests in
their equilibrium state represent a carbon sink, where
carbon sequestration through the growth of biomass
and carbon release through decay of biomass are in
balance. On the other hand, commercial forests are
constantly developing new and additional carbon
sequestration capacities due to the harvesting of
timber. So, this strong evidence opens the question
of the high share of protected forests in Finland
in relation to mitigation. The question of natural
regeneration of protected forests due to changed
climatic conditions is also relevant because the
implementation of adaptation measures in those
areas is prevented.

Forests in Finland are mainly already continuously

. extensively managed so there are no possibilities to
(Marjanovi¢ 2011-2013). The research on the change
of carbon storage in Croatian acid soils, covered by :

enhance carbon sequestration other than applying
fertilization with the aim to enhance production or
establishing new stands only with the selected genetic
material which may enhance wood production by 20-
30% in relation to the unselected planting material

¢ (Heli Peltola, unpublished data). The increased use of
on the carbon sequestration potential of those :
areas since these represent a significant part of the !

small-sized trees for bioenergy purposes, obtained by
tending measures in young forests, have improved
the profitability of management and developed
an interest to take care of this less profitable
management phase of stands. In the last several

: years there has been a significant decrease in pulp
substitution of tree species on carbon storage in the :

and paper production in Finland [62]. The issue was
raised of temporarily stopped thinnings which may
lower the sequestration rate (exp. in private forests)
and possibly have a negative effect on the position of
pulp and paper industry in the future. But, currently

: there are activities on the interconnection between
. pulp and bio-fuel industry in Finland, so there may

be a small influence of this crisis on C sequestration
in the future.

There are many issues on the implementation of
mitigation activities in private forests, especially in
Finland, since the biggest share are private forests.
One of the difficulties is the joined ownership of
descendants after the death of previous owners. A
larger number of private owners and the decreased
average area of private forest add difficulties to the
implementation of appropriate measures. In addition

have not been properly managed (e. g. during the
war) those areas may become significant carbon sinks
through the implementation of proper silvicultural

. activities and the education of forest advisors and

forest owners.

Croatia

The share of strictly protected forests in Croatia is
lower than in Finland (5.605 km? or 9.9% of the land
area according to the Law on Nature Protection) [18].
Nevertheless, according to the Forest Management
Plan for Croatia [63], 84% of all forest areas are
managed forests with a commercial function, but the
remaining 16% are forests with protective and special
functions where only salvage cutting is allowed. This
kind of management makes those forests high risk
forests so the same issues may be relevant for Croatia
in relation to mitigation potentials.

This question is even more opened for discussion
and further research because some of these areas are
in the Mediterranean region and therefore subjected
to high risks of fires (carbon storage in forests
subjected to natural disturbances is questionable)
and strong projected influence from drought due to
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the changing climate (also questionably protected
. because of the lack of silvicultural measures).
The share of high forests in Croatia is about 54% :

function in the future).

of all covered areas (1 283 561 ha) where silvicultural
treatments are conducted for the production of high
quality technical wood on the basis of natural principles

(the Quercus robur forests in the Slavonia region), so :
thereisno possibilities to enhance carbon sequestration
(the potential) through silvicultural measures unless :

the stability of forests or quality of products is reduced.
But about 21% of all forests in Croatia (513 155 ha)
are forests in some degradation stage (garrigue

1%, maquise 2%, shrub 18%), where commercial :

exploitation is not financially interesting, so those !
occurrence of fire.

areas may have a substantial potential for mitigation.
Their carbon storage is low, but if those areas
should be converted to high forests for timber
production (on sites where the site conditions

allow it) or they be used for biomass production, :
their carbon storage potential may be much higher.

Since some of these areas are in the Mediterranean
region under a high risk of fires, exploitation for
biomass may present a possibility for reducing fire

risks. Within the scope of climate adaptation, the only
way of reducing fuel in the Mediterranean forests, :
and thus reducing the risks of fire ignition and fire :

intensities, would be to render those forest financially
interesting [64]. Without any further research on the
distribution of this kind of forests (different bioclimates

provide different volume production potentials), it is
almost impossible to make any kind of estimation. !
There should be further scientific research on the policy

and legal reimbursement of those measures which
currently do not exist in Croatia. Further research
about the sequestration in forest soils, as well as in
the wood biomass, in those areas is also needed.

In addition, there are about 3% of forest
cultures in Croatia about 40 to 60 vyears old
and where none or very little management
has been done due to different social reasons.

They are currently included in the ongoing project :
about the best ways for silvicultural practices and :
i area). About 5.7 million ha of peat land is currently

management of those cultures from the economical
point of view and with a special overview on climate
change adaptation measures (Peri¢ and Tijardovi¢
Management of Conifer Cultures in Croatia 2011-

2013). Those areas may have some potential for !
mitigation, but more research on this matter is :

required.

In addition, there are about 500 ha of Croatian

forests where management is prevented because :
of the land mines from the war in Croatia [65]. This :
area is not significant, but the question was raised !

due to carbon storage and its sensitivity to natural
disturbances (e. g. forest productivity and carbon

storage may be lost due to windthrow or decreased

Influence of Wildfire Behavior
on Carbon Storage

Finland

Due to efficient monitoring and favorable natural
conditions, such as high precipitation and lower
summer temperatures in Finland, forest fires have
remained extremely rare although there are several
hundred fires each year. So, for Finland this is not an
important issue for mitigation even though changes
in climate may increase plausible conditions for the

Croatia

On the other hand, forest fires pose a great
threat in Croatia, especially in the karst area where
3 678 forest fires occurred in the period 1992-2007,
4 851 fires in total in the whole country [66]. In the
same period, 251 901 ha of Croatian land area was
burned, which in average amounts to 15 744 ha
annually. The only possible way that the risks of fires
may significantly be reduced, besides monitoring, is
if those forests would become economically efficient,
for example through the substitution of biomass
which is important for mitigation. Therefore, this
may be a great mitigation possibility for Croatia and
further research is needed since this depends on the
entire chain of biomass production.

Avoided Changes in Land Use

Finland
Changes in land use may have a significant impact

- on the decrease of carbon storage if deforestation
© activities are taken into account. In both countries,

Finland and Croatia, there are no significant current
deforestation activities. Finland and the Finnish
people have always had a strong connection with
peat lands, since there is about 10.4 million ha of
peat lands in Finland (one third of the whole land

used in forestry [57]. But, there are many issues
related to peat lands, as mentioned already, since
drained peat lands may emit carbon dioxide. Natural,
undrained peat lands produce methane emissions,
and agricultural lands with the highest nitrous
oxide emissions produce the most GHG emissions.
The afforested drained peat lands and the afforested
former agricultural peat lands may have a positive
balance of GHG emissions, but that depends on
specific site conditions (i.e. soil water, temperature).
Also, the changing climate may have an effect on
peat lands in diverse ways. For instance, warming
may move the area of the raised bogs northwards,
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which in turn may result in an increase of the total
accumulation of carbon in northern peat lands, but :
perhaps decrease the rate in southern mires due to

accelerated decomposition [57]. In terms of GHG
management, the maintenance of large stores of C
in undisturbed peat lands should be a priority [45].

Therefore, this presents an important issue for Finland
forestry and mitigation, especially in the future. :
However, there are available publications which :

address the issues of peat land in the conditions of
the changing climate [e.g. 45, 66, 67] and those for
Finland in particular [21, 57, 68].

Croatia

Peat lands in Croatia do not have much influence on :

the total carbon balance for the whole country since
there are only 26 km? of peat lands in Croatia [32, 33].
There may be some more not registered peat land areas,
since they were converted into the agricultural lands.

There is the question of changing the use of
land,from agricultural to forest biomass production
sites. If the sustainability criteria for biofuels is to be
included into the Directive of Green Public Procurement,

though those areas are not substantial for GHG emissions
for Croatia in general, their emission may change due
to climate changes (i.e. higher temperatures and less

precipitation). Most of those areas are protected due to :
. scale. Therefore, more effort should be made on the
¢ political, legislative, scientific and implementation

the conservation of natural diversity.

Exploitationareas(e.g.queriesin Croatia, peatutilization
in Finland) and the questions of their revitalization are
important from the aspect of the changing climate
condition, the occurrence of extreme events and

consequently more problematic revitalizations in those
areas (i.e. preserving carbon balance on deforested area

and assuring its stability after revitalization). But, it has a
low influence on the total carbon balance on the national
level, since at the moment there are no other significant
changes of land use.

CONCLUSIONS

On the basis of the international experience and
knowledge exchange, several conclusions may be
drawn. The available areas for afforestation in Croatia
are important for the total carbon balance in Croatia,
but there is no substantial quantity of such areas in
Finland. Croatia has a significant potential for the
emission reduction on the national level through the
afforestation of the abandoned agricultural lands

and, therefore, more attention should be given to
these issues. In Finland there have been no changes

in the forest area during the last 50 years.

In relation to the risk from natural disturbances, it
is important to highlight that this issue is present in
Finland’s forestry, but has an even more importance
for Croatia (especially in the Mediterranean area), so
more attention should be given to research and the
application of carbon storage preservation activities.

Protected forest areas are currently in carbon
balance, but commercial forests are always acting as
carbon sinks (due to the wood substitution effect),
so it is important to raise the question of the size of
protected areas, especially for Finland, where this

¢ question is not addressed at the moment.

There is a great importance of the implementation
of mitigation measures into management forest
plans on the local scale for both countries, as well as
the education of forest managers and forest owners

. on the possibilities of carbon reduction through the
¢ forestry sector.

The final and the most important conclusion is that
the effects of some individual measures to enhance

. the storage of carbon dioxide in forests is small on the
these issues certainly have to be addressed there [9].
Also, Croatia has swamps as natural GHG sources. Even

national, aswellasonthe Europeanscale. Nevertheless,
by fullfilling of all the above mentioned individual
potentials, together with the implementation of
carbon emission reduction measures, their combined
effect is of a great importance not only for carbon
balance in both countries, but also on the European

basis in both countries, especially in Croatia. The
education of forest managers and private forest
owners on climate change dynamics, further possible

. impact of climate changes on human lives and the

importance of forests and the forestry-based sector
in climate change mitigation is important to meet
international obligations and fight the current climate
changes, as well as those in the near future.
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