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Abstract Renewable energy sources have received significant attention in Euro-
pean countries as a result of increasing dependence on energy imports and concerns
over high prices of fuels and climate change. Although private forests in Croatia
account for less than one quarter of all forests, they may play an important role in
woody biomass energy production, due to their underutilized exploitation. The
objective of this paper is to identify the willingness of private forest owners to
supply woody biomass and to understand how this willingness is affected by certain
owner, management and forest property characteristics. A survey conducted in
Croatia in 2012 of a random sample of 350 private forest owners shows that almost
half of them were willing to supply woody biomass. A random utility model was
used to determine the factors influencing private forest owners’ willingness to
supply woody biomass. The results showed that willingness to supply woody bio-
mass was influenced by property size, management objectives (production of fuel
wood for personal needs and using the forest for outdoor recreation), cooperation
with other forest owners and owner age. In order to enhance woody biomass
mobilization from private forests it is important to identify the owners who are
willing to supply it and to provide them with financial and administrative support
using a mix of developed forest policy instruments.

Keywords Renewable energy - Small-scale forests - Forest policy -
Logistic regression

<l Marta Curman
martac @sumins.hr

Division for International Scientific Cooperation in Southeast Europe — EFISEE, Croatian
Forest Research Institute, Zaj¢eva 28, 10000 Zagreb, Croatia
Faculty of Forestry, University of Zagreb, Svetosimunska 25, 10002 Zagreb, Croatia

Department of Forestry and Renewable Forest Resources, Biotechnical Faculty,
University of Ljubljana, Vecna pot 83, 1000 Ljubljana, Slovenia

@ Springer


http://orcid.org/0000-0002-6378-7192
http://crossmark.crossref.org/dialog/?doi=10.1007/s11842-016-9339-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11842-016-9339-9&amp;domain=pdf

552 M. Curman et al.

Introduction

The growing dependence of Europe on energy imports and further increases in
energy prices reinforce the concerns about meeting the energy demand in the future
(World Energy Council 2008). Along with this, energy supply has received
significant attention in European countries, due to enhanced awareness regarding
climate changes issues and the potential for economic growth and development
(Benjamin et al. 2009; Shivan and Mehmood 2010; Halder et al. 2014; Lindstad
et al. 2015; Peters et al. 2015).

Initial steps regarding renewable energy policies in the European Union (EU)
started in the 1990s, resulting in the EU Renewable Energy Directive 2009/28/
EC (hereinafter EU-RED), which set mandatory targets for all member states,
such that by 2020 in the EU 20 % of energy should be derived from renewable
sources (Directive 2009/28/EC 2009). In parallel, European countries have
developed and implemented policies dedicated to promoting the production and
use of energy wood from forests (Stupak et al. 2007; Sipila et al. 2008) and
caused several shifts in related industries (Miheli¢ et al. 2015). Furthermore, in
2013 a new EU Forest Strategy (EU 2013) was adopted which responds to the
new challenges that forests and the forest sector are faced with. According to this
strategy the most important source of renewable energy is presently forest
biomass and it currently accounts for around half of the EU’s total renewable
energy consumption.

During the pre-accession period, the process of harmonization of national
legislation with EU policy concerning renewable energy, commenced in Croatia.
The Energy Strategy of the Republic of Croatia (Croatian Parliament 2009) was
adopted in 2009, where detailed roadmaps of how Croatia expects to reach its
target for the share of renewable energy in their final energy consumption was
presented. Moreover, in 2014, the Croatian government adopted the Third
National Action Plan for Energy Efficiency by 2016 (Ministry of Economy 2014),
designed in accordance with the EU-RED and with policy measures to meet the
energy EU 20-20-20 target. Also, an energy report (Ministry of Economy 2013)
showed that the total national energy demand in Croatia increased from 2012 to
2013 by 4.1 %, while the trends in the 6 year period, from 2008 to 2013, showed
that energy imports decreased at an average annual rate of 4.3 %. During the same
6 year period, trends in the production of primary energy forms showed a slight
increase of 0.8 %, while between 2012 and 2013 the production of primary energy
forms increased by 17 %, mainly due to the favorable hydrological conditions.
Between 2008 and 2013 the trends showed that the share of renewable energy
doubled, of which fuel wood and solid biomass grew from 8.5 % to reach 14.3 %
and other renewables increased their share from 0.5 % to reach 3.7 % (Ministry of
Economy 2013).

The Energy Strategy and Third National Action Plan for Energy Efficiency
showed that there was ample potential for the successful production of woody
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biomass,' mainly based on huge areas of state-owned forest. The potential of private
forests for woody biomass production was less clear (Posavec et al. 2015). Primary
data on woody biomass, particularly woody biomass in private forests, are scarce.
Estimated potentials for state and private forest have been derived from growing
stock per hectare and refer to the above ground biomass.

In Croatia, 23 % of forests are privately owned (Cavlovié 2010). Management of
these forests is far from optimal due to diverse ownership and property structure
(Krajter OstoiC et al. 2015). This diversity is displayed through a large number of
owners (around 600,000), small forest property (on average 2.6 ha) and fragmen-
tation (3 plots on average) (Gliick et al. 2011). Private forest management is further
hindered by constant processes in society which are related to an increasing number
of owners due to partible inheritance and the diminishing sizes of forest properties,
as well as a decrease in the percentage of rural population, which indirectly
influences the socio-economic structure of the population (Pezdevsek Malovrh et al.
2010, 2015; Gliick et al. 2011). Consequently, the economic dependence of people
on forests is decreasing, which is reflected in insufficient utilization of natural
resources that could play an important role in future wood supply. Nevertheless,
private forests could play an important role in future timber supply in Croatia as
wood is predicted to be an important source of renewable energy if the EU 2020
targets are to be met.

A number of studies (Kuuluvainen et al. 1996; Kennedy 2001; Conway et al.
2003; Vokoun et al. 2006; Joshi and Arano 2009; Posavec et al. 2015, Sjglie et al.
2016), especially in Scandinavian countries and in North America, have been
conducted in order to understand the factors motivating timber harvesting behavior
and intensity of harvesting by private forest owners (Shivan and Mehmood 2012).
During the last few years, owing to the increased interest in renewable energy
resources, research related to private forest owners and producers’ willingness and
ability to supply biomass has been conducted. These previous studies generally
found that private forest owners had a positive motivation for supplying woody
biomass (Conrad et al. 2011) and that the factors affecting private forests owners’
willingness to supply woody biomass are as follows: property size, forest type,
forest ownership, forest market, owners’ management objectives and socio-
demographic characteristics (Kennedy 2001; Joshi and Arano 2009; Joshi and
Mehmood 2011; Gruchy et al. 2012; Joshi et al. 2013; Posavec et al. 2015). Previous
studies on woody biomass in Croatia were mainly focused on biomass production as
a part of state forest management taking into account different tree species (Orli¢
1999; Topic et al. 2006, 2009; Zeci¢ and Vusi¢ 2013; Zecic et al. 2013; Kajba and
Andri¢ 2014), or pellets and biofuels production potential as raw material for
heating in the wood industry (Benkovi¢ and Susnik 2008; Risovi¢ et al. 2008) and
cogeneration systems (Prelec et al. 2004; Risovi¢ et al. 2004). In recent years, two
studies have explored energy wood production and supply from private forest in
Croatia. Halder et al. (2014) examined perceptions and attitudes of nonindustrial

! In our study the FAO definition of woody biomass was used: “the mass of woody part (stem, bark,
branches, twigs) of trees, alive or dead, shrubs and bushes, excluding stumps and roots, foliage, flowers
and seeds”.
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private forest owners to energy wood production in Croatia and Serbia, while
Posavec et al. (2015) studied private forest owners’ willingness to supply woody
biomass in selected South-Eastern European countries, including Croatia. Posavec
et al.’s (2015) study identified factors that influence willingness of private forest
owners to supply woody biomass, with focus on different management objectives
(i.e. timber production, investment, game management and heritage) and forest and
forest ownership characteristics. Halder et al. (2014) examined key dimensions of
the nonindustrial private forest owners’ perception and attitudes related to energy
wood production using principal component analysis and based on that provided
policy recommendations to the public authorities and professionals for improving
the preconditions for energy wood mobilization from private forests.

The purpose of this study is to identify private forest owners’ willingness to
supply woody biomass in Croatia and to understand how certain characteristics such
as forest management objectives (timber production, investment, recreation and
non-wood forest products), forest property and forest ownership characteristic,
owners’ knowledge about biomass, willingness of owners to cooperate with other
forest owners and socio-demographic characteristics of private forest owners had
affected this willingness. The results of this research will be useful for forest and
energy policy actors to improve the preconditions for woody biomass mobilization
and to develop supportive policy instruments.

Research Methods
Survey Method

A quantitative door-to-door survey of private forest owners was conducted in
Croatia to estimate private forest owners’ willingness to supply woody biomass and
to understand the factors influencing their decision. The sample design for the
survey was based on experiences gained through PRIFORT? project (Gliick et al.
2011) and started from the fact that a nationwide list of all private forest owners
does not exist and that owners are scattered throughout the country. Given the quite
limited budget available to the study, it was decided that the most appropriate
sample design was multi-stage cluster sampling consisting of three steps:
(a) determination of overlapping areas with the highest percentage of forest area
and the highest share of private forest area; (b) determination of settlements in
overlapping areas and (c) selection of individual respondents. The data source for
the first step was the Forest Advisory Service map (Posavec and Trnini¢ 2008).
Based on this map a list of selected municipalities was made. For the second and
third steps a list of all settlements within the chosen municipalities was made. A
random sample of 35 settlements were selected from the list. Within each
settlement, the first person for survey was selected randomly and asked if he/she

2 The project “Research into Organization of Private Forest Owners’ Interest Associations in the Western
Balkan Region—PRIFORT” was financed by the Ministry of Agriculture, Forestry, Environment and
Water Management of Republic of Austria.
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owns a forest. If the person owns the forest, then he/she was interviewed otherwise
the person was asked to recommend another person (private forest owner) for
survey (such as his or her neighbour), until the quota of 10 per settlement was
completed, yielding a total sample size of 350 respondents (Gliick et al. 2010,
2011). In some cases respondents refused to answer the survey, mostly due to the
lack of time or interest or they were not a forest owner, so the interviewers went to
another one who was recommended. Selected private forest owners were informed
about the meaning of the term woody biomass according to the FAO definition prior
the survey. The structured questionnaire used was developed within the
WESSPROFOR? project, and consisted of five sections seeking information on
private forest characteristics (property size, fragmentation, distance from household,
type of forest, etc.), forest management and management objectives, willingness of
private forest owners to cooperate, owners’ opinion about woody biomass
production, and socio-demographic characteristics. Section four consisted of several
questions aimed at gathering information on owners’ opinion and awareness of
woody biomass, their willingness to supply woody biomass, their main motivational
factors for woody biomass production and supply (i.e. subsidies, financial benefits,
energy supply), and main obstacles to woody biomass production. The questions in
the survey were developed based on the factors identified as impacting on the
willingness of private forest owners to supply woody biomass in previous research
(Kennedy 2001; Joshi and Arano 2009; Joshi and Mehmood 2011; Gruchy et al.
2012). The questionnaire was pre-tested in May 2012 and the survey was carried out
between August and December 2012. The survey was conducted by a young
researcher. The data were analyzed using the statistical package SPSS 18 (Inc.
2009).

Theory Behind the Econometric Modeling Method Used

Assuming rational behavior, private forest owners will maximize the utility from
their forest by choosing their subjective preference from a set of available
alternatives, for either supplying woody biomass or doing something else (Shivan
and Mehmood 2010, 2012; Joshi and Mehmood 2011). To take into account the
uncertainties that surround the private forest owner decision making processes
owing to unobserved alternatives, unobserved individual attributes and measure-
ment errors (Manski 1977; Lynch et al. 2002), a random utility model was used to
determine the factors influencing private forest owners’ willingness to supply
woody biomass.

Given the information from previous studies on the factors that influence private
forest owners’ willingness to supply woody biomass, the utility function can be
expressed as:

3 The project “Opportunities for Wood Energy Production from Small-scale Forests in the South-Eastern
Europe Region—WESSPROFOR” financed by Ministry of Foreign Affairs of Finland and coordinated by
the European Forest Institute.
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Ui=f(xi)+e

where U, is the utility received by private forest owners by engaging in supplying
woody biomass; x; is a vector of forest property and ownership characteristics
(FOROWN), forest management objectives (MANOBJ), willing of owners to
cooperate with other forest owners (COOP), owners’ knowledge about biomass
(KNOWBIO) and socio-demographic characteristics (SOCIODEM) and ¢ is the
random error term.

Since the dependent variable in this study was converted to a binary scale,
logistic regression was applicable for estimating the model parameters using the
Enter algorithm (Field 2009). Logistic regression is based on the cumulative logistic
probability function and estimates the probability of an action given a set of
categorical characteristics (Pindyck and Rubinfeld 1981). In binary logistic
regression, the probabilities of each outcome are specified as:

P(Y=s5ts)
X1,X2 50005 Xp

In
1—P(Y:;

) = logit P(Y = 1) = fy + Byt + -+ B

where P is the probability that an owner is willing to supply woody biomass,
x denotes the value of the independent variables and f§ denotes model coefficients.
Maximum likelihood estimation was employed to estimate the values for model
parameters from 1 to p. The testing for statistical significance of the regression
coefficients in the model was carried out using the Wald’s test at a significance level
of 0.05 (Hosmer and Lemeshow 2000).

The specific binary logit model used in the study is represented as:

WILLING = B, + p;FOROWN -+ B,MANOBJ + B,COOP + B,KNOWBIO
+ BsSOCIODEM + ¢

Before running the analysis, the data was assessed for multi co-linearity, using
variance inflation factors (VIFs). All variables with VIF higher than 5 were
excluded from the model (Field 2009). Moreover, the data were checked to reduce
the problem of coefficients with unreasonably large standard errors, using multiway
cross tabulation of all categorical independent variables with the dependent vari-
able. The VIFs for independent variables were smaller than 5, with the average VIF
1.202.

Variable Definition and Predicted Influence

The dependent variable (WILLING), for the selection equation was binary in nature,
taking the value of “1” if private forest owners were willing to supply woody
biomass and “0” if not. As highlighted above, the independent variables used in the
model were grouped into five categories: forest property and ownership character-
istics, forest management objectives, cooperation with other forest owners,
knowledge and socio-demographic characteristics.
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The first group of variables “forest property and ownership characteristics
(FOROWN)” included variables such as forest property size (PROSIZE),
fragmentation (FRAGM), distance of owner’s residence from the forest (DIST)
and ownership structure (OWSTR). The variable PROSIZE was a continuous
variable indicating how many hectares of forest land that the respondent owns. This
variable was expected to be a positive predictor of owners’ willingness to supply
biomass, because owners with a larger forest property were often identified as active
forest managers who were engaged in timber production activities as they could
provide a larger amount of woody biomass than the owners with smaller properties
and thus generate a bigger profit (Zhang and Mehmood 2001; Beach et al. 2005;
Joshi and Mehmood 2011). The FRAGM variable was expected to be a positive
predictor of the owners’ willingness to supply biomass, because the owners with
consolidated property have better preconditions for active forest management
(Posavec et al. 2015). The variable was coded as 1 if the forest property is
consolidated and O if it is fragmented. The FRAGM variable was based on the
question that asked whether the owner had only one consolidated parcel or has more
dislocated parcels (i.e. if their property was fragmented no matter when the parcels
have been acquired).

Earlier research e.g. Shivan and Mehmood (2010) and Conway et al. (2003)
indicated that owners who lived near their forest, were more likely to be involved in
forest management activities than those residing further away (Joshi et al. 2013).
Therefore the variable DIST, which is a continuous variable, was expected to be a
negative predictor of the dependent variable. Furthermore the variable OWNSTR
was expected to be a positive predictor of willingness as owners who were sole
holders and thus independent in their business decisions, were more likely to be
involved in forest management activities than those who shared their forest with
other owners (Posavec et al. 2015). The variable was coded as 1 if the private forest
owners were sole holders and O if they shared their property with others.

The second group of variables “forest management objectives (MANOBIJ)”
included the variables that captured the use of forest (production of fuel wood for
personal needs—FUELPER, production of fuel wood for sale—FUELSAL) and
owners’ timber and non-timber management objectives (timber production—
TIMBERPRO, investment for future—FUTINV, non-wood forest products produc-
tion—NWFP and outdoor recreation—OUTREC). The variable FUELPER was
expected to be a positive predictor of the willingness to supply woody biomass as it
was assumed that private forest owners who were producing fuel wood for personal
needs already had the equipment and experience needed for the production of
woody biomass. Similarly, it was expected that the variable FUELSAL would be
positive predictor, since it was assumed that those forest owners who were already
selling fuel wood would be willing to expand their sales of woody biomass. Both
variables were coded as 1 if private forest owners produced fuel wood for personal
needs and for sale and 0 if they did not. According to previous studies (Dennis 1989;
Conway et al. 2003; Majumdar et al. 2008; Joshi and Mehmood 2011) it was
difficult to predict the sign of the TIMBERPRO variable, as some studies have
shown that the timber management behavior of private forest owners is far less
predictable than that of industrial owners due to the multi-objective nature of their
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ownership. According to the results of Joshi and Mehmood (2011), TIMBERPRO
was a negative predictor as the private forest owners who valued timber production
(growing and selling timber) as an important management objective were less likely
to supply woody biomass for bioenergy. In this study the variable TIMBERPRO
was expected to be a positive predictor, due to the assumption that forest owners
who produced timber were also willing to produce woody biomass from wood
residues such as those derived from thinning and pruning. Moreover, the variables
NWFP and OUTREC were expected to be negative predictors of the willingness to
supply woody biomass. This is due to the fact that harvesting operations are an
inevitable part of the woody biomass production process, which could be in conflict
with the production of some non-wood forest products or outdoor recreation (Shivan
and Mehmood 2012; Posavec et al. 2015). Furthermore, the variable FUTINV was
also expected to be a negative predictor given that those private forest owners, who
maintained their forests as an investment, have previously been shown less willing
to produce woody biomass (Gruchy et al. 2012; Posavec et al. 2015). These Likert
scale variables were coded as 1 if the management objective was rated by the owner
as very important or important, or O if the private forest owner indicated that the
management objective was neutral, not very important or not important at all.

The third category of independent variable included “cooperation of private
forest owners with other forest owners (COOP)”. The variable COOP was coded as
1 for the private forest owners who were already cooperating with other forest
owners and O otherwise. It was expected to be positive, because of the assumption
that those owners who were cooperating with owners enjoyed some privileges, such
as sharing information, common equipment usage, joint selling of timber, etc.
(Pezdevsek Malovrh 2010; Pezdevsek Malovrh et al. 2010).

The fourth category included the variable private forest owners’ knowledge about
biomass (KNOWBIO). The owners’ knowledge was assessed by asking them
whether they knew the benefits of woody biomass. The KNOWBIO was coded as 1
if owners said they were aware of the benefits of using wood for energy and 0 if they
said they did not know the benefits. The variable KNOWBIO was expected to be a
positive predictor of willingness, because of the assumption that those owners who
were more informed about the use of biomass and aware of environmental benefits
of biomass would be more likely to supply it. According to Joshi et al. (2013) non-
industrial private forest owners who were aware of wood-based bioenergy were
more willing to harvest woody biomass for bioenergy production.

The fifth category of variables included “socio-demographic characteristics
(SOCIODEM)” such as age (AGE) and education (EDU). The continuous variable
AGE was expected to be a negative predictor of willingness as, in general, elderly
owners are less receptive towards active forest management (Joshi and Arano 2009;
Joshi and Mehmood 2011; Joshi et al. 2013; Posavec et al. 2015). They were more
likely to own forest for amenity purposes rather than maximizing financial returns
from it (Zhang et al. 2005). On the other hand, the variable EDU was expected to be
a positive predictor of owners’ willingness, given a likely concern of more formally
educated people for climate change issues and energy efficiency (Joshi et al. 2013).
The variable EDU was coded 1 for those private forest owners who had at least a
high school diploma, 0 otherwise.
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Table 1 Definition, coding system and summary statistics of the variables used for model creation

Variable Definition Coding system Mean SD

WILLING Decision to supply woody 1 willing, 0 not willing 043 049
biomass or not

PROSIZE Property size (ha) Continuous variable 324 622

FRAGM Fragmentation of forest property 1 consolidated, 0 fragmented 023 042

DIST Distance of owner’s residence Continuous variable 6.76 21.85
from the forest (km)

TIMBERPRO Management objective—timber 1 important, O unimportant 0.76 042
production

FUTINV Management objective— 1 important, 0 unimportant 040 049
investment for future

NWFP Management objective—non- 1 important, 0 unimportant 0.29 045
wood forest products

OUTREC Management objective—outdoor 1 important, 0 unimportant 0.36 048
recreation

FUELPER Forests used for production of 1 yes, 0 no 091 0.28
fuel wood for personal needs

FUELSAL Forests used for production of 1 yes, 0 no 0.21 040
fuel wood for sale

COOP Cooperation of private forest 1 cooperate, 0 do not cooperate 0.10  0.30
owners with other owners

KNOWBIO Private forest owners’ knowledge 1 knowledge exists, O otherwise 092 0.26
about the benefits of biomass

AGE Age of forest owners in years Continuous variable 59.39 14.01

OWNSTR Ownership structure 1 sole holder, O sharing ownership ~ 0.57  0.49

EDU Level of education 1 high school or higher level of 0.59 049

education, O primary school or
less

The definitions and coding system of all variables have been presented in
Table 1.

Results and Discussion
Basic Characteristics of the Sample

Out of a total of 350 respondents, 67 % were male and 33 % were female. The
predominance of male forest owners is similar to that noted in a previous research
study, where male respondents also dominated accounting for 75 %, a trend which
can be explained as a result of certain socio-cultural characteristics typical to the
Western Balkans (Gliick et al. 2011), where forest properties, are usually inherited
by male children. The average age of the respondents was 59, while one quarter of
them was older than 71. Around a half of private forest owners (53 %) were retired
or unemployed and 84 % of them lived in a rural area with up to 500 inhabitants.
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The average size of the forest property of the respondents was 3.2 ha, which was in
76 % of cases fragmented on four dislocated plots and was on average 6.7 km away
from the owner’s place of residence. Fragmented small-scale estates make it
difficult to apply economies of scale (Gliick et al. 2011), due to the challenges of
forest management on such small properties, unless owners work together.

Most respondents had finished high school (49 %) or primary school or less
(40 %). Only 11 % of them had college or university education. The respondents
mentioned timber production as an important management objective. Most of them
used their forests for personal needs for the production of firewood (91 %), for the
production of technical wood (48 %) and for the production of non-wood forest
products (41 %).

Most of the private forest owners were not willing to cooperate with other private
forest owners (60 %). A very small number of owners were already cooperating
with other owners (10 %), although some indicated that they were willing to
cooperate in the future (30 %). The main obstacles to cooperation and involvement
in associations was lack of trust, owner age (mostly retired and old owners), small
property size (3.2 ha per owner) or lack of time (focus on agriculture or something
else). Although most of the respondents were aware of the woody biomass benefits
(63 %) and were familiar with the term woody biomass (73 %), only 44 % of them
were willing to supply it from their properties. Their interest in supplying woody
biomass may be attributed to the recent promotion of woody biomass utilisation in
Croatia from the state administration and the high market prices that are currently
available. In Halder et al.’s (2014) study a greater proportion of owners were found
to be willing to supply woody biomass. They found that almost three-quarters of
private forest owners were interested in producing energy wood from their forests,
and that 95 % of them were highly interested in producing wood for energy over
timber production against the backdrop of a stable energy wood market in Croatia.
The higher willingness noted in Halder et al.’s (2014) study could be explained by
the sampling procedure adopted by them, i.e. they used convenient sampling with
private forest owners who are members of private forest owners associations.

Results of Logistic Regression Model

The estimates of the binary logistic regression model for the willingness of private
forest owners to supply woody biomass are shown in Table 2. The Chi-squared test
on the log-likelihood ratio indicates that the model was significant at the 99 %
confidence level, indicating that the model was able to distinguish between private
forest owners willing to supply woody biomass and those who were not. The model
correctly classified 71.3 % of cases.

The results revealed that five out of 14 independent variables significantly
influenced the owners’ willingness to supply woody biomass and these were as
follows: property size (PROSIZE), outdoor recreation (OUTREC), production of
fuel wood for personal needs (FUELPER), cooperation of private forest owners with
other owners (COOP) and the age of private forest owners (AGE). The direction of
the relationship between the variables and the dependent variable was consistent
with that hypothesised except for FUELPER which turned out to be a negative
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Table 2 Logit estimates for determining the factors influencing owners’ willingness to supply woody

biomass in Croatia

B SE Wald df Sig. Exp(B)
Constant 1.896 1.473 1.657 1 0.198 6.656
PROSIZE 0.160 0.067 5.711 1 0.017* 1.174
FRAGM
Consolidated 0.403 0.461 0.767 1 0.381 1.497
Fragmented 0.000
DIST —0.011 0.009 1.523 1 0.217 0.989
FUTINV
Yes 0.050 0.375 0.018 1 0.893 1.052
No 0.000
TIMBERPRO
Important 0.463 0.526 0.775 1 0.379 1.589
Unimportant 0.000
FUTINV
Important 0.050 0.375 0.18 1 0.893 1.052
Unimportant 0.000
NWEFP
Important 0.136 0.428 0.101 1 0.751 1.145
Unimportant 0.000
OUTREC
Important 0.821 0.380 4.657 1 0.031* 2.273
Unimportant 0.000
FUELPER
Yes —1.735 0.831 4.362 1 0.037* 0.176
No 0.000
FUELSAL
Yes 0.611 0.488 1.567 1 0.211 1.842
No 0.000
COOP
Yes 1.941 0.826 5.522 1 0.019%* 6.968
No 0.000
KNOWBIO
Yes 0.761 0.667 1.300 1 0.254 2.140
No 0.000
AGE —0.042 0.016 7.114 1 0.008* 0.959
OWNSTR
Sole holder 0.145 0.375 0.150 1 0.699 1.156
Joint ownership 0.000
EDU
Primary or less 0.000
Other 0.023 0.417 0.003 1 0.956 1.023
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Table 2 continued

B SE Wald df Sig. Exp(B)
STATISTICS
x> 54.645
p value 0.000
Log-likelihood 191.913
Observations 71.3
correctly

predicted (%)

Hosmer and Lemeshow X2 = 5.689;
p = 0.682

* Significant at 5 % level

predictor and OUTREC which turned out to be positive predictor of the willingness
to supply woody biomass.

The variable PROSIZE was positive and significant, which indicates that the
private forest owners with bigger property size were more likely to supply woody
biomass. This is consistent with the previous findings (Beach et al. 2005; Joshi and
Mehmood 2011; Posavec et al. 2015) and indicates that owners with larger forest
properties achieve economies of scale in woody biomass production or any other
type of production. It was assumed that owners with larger forest properties were
more engaged in timber production activities as they could provide a larger amount
of woody biomass than the owners with smaller properties and thus gain a bigger
profit. According to Gliick et al. (2010) the average forest property size in Croatia is
2.9 ha, while 60 % of private forests are fragmented into 2—4 separate plots.

The direction of the relationship between the variable FUELPER and willingness
to supply woody biomass was not consistent with the hypothesis, indicating that
private forest owners who produced fuel wood for personal needs were less likely to
supply woody biomass. This could be due to the fact that the property size of private
forest owners who used their forests for personal needs is small and their resources
were insufficient, hence they could not supply extra resources for sale. The variable
OUTREC indicates that the owners who valued outdoor recreation as an important
management objective were more willing to supply woody biomass. The
explanation for that could be found in the fact that in Croatia harvesting for
woody biomass energy production is mostly obtained from selective felling or
thinning. According to Marzluff et al. (2002) such practices may even influence
habitat conditions in a positive way, and as such reduce conflict between outdoor
recreation and woody biomass production.

The strongest predictor of willingness to supply woody biomass was the variable
COOP, with an odds ratio of 6.968. This indicates that the private forest owners who
cooperated with other private forest owners were almost seven times more likely to
supply woody biomass than those who did not cooperate with other private forest
owners, controlling all the other factors in the model. This is consistent with the
assumption that the owners who cooperated with other owners enjoyed some
privileges, such as sharing information on the market, common equipment and joint
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selling, especially if they are members of an interest association (Pezdevsek
Malovrh 2010; Pezdevsek Malovrh et al. 2010).

The direction of the AGE variable was negative, which indicates that the
willingness to supply woody biomass decreased with the owner’s age. This result is
in accordance with previous findings (Joshi and Mehmood 2011; Posavec et al.
2015). In Croatia it is evident that the transfer of forest ownership between the
family members occurs in owner’s old age or even after they have passed away
(Gliick et al. 2011). This fact, in combination with other negative demographic
factors, such as migration from rural areas to cities, indicates that in the future there
is a possibility of a significant occurrence of a new trend in forest ownership where
new forest owners will appear with different socio-economic status (non-farmers
with higher education) and will have a different lifestyle, motivations and attitudes
toward their ownership. In addition, older private forest owners were not willing to
manage their forests due to lack of manpower and poor health conditions (Posavec
et al. 2015).

Conclusion

Although the use of woody biomass (fuel wood) as a source of energy has a long
tradition in Croatia, natural gas and fuel oil currently have the biggest share in
primary energy sources. However, as the national energy demand grows and the
government has the obligation to reach the EU 20-20-20 target by increasing the
share of renewable energy sources, the potential of woody biomass is becoming
more important. Most of the woody biomass in Croatia is obtained from state owned
forests and although the potential of private forests is less clear, it still exists. The
most important factor influencing whether a reliable biomass supply can be obtained
from private forests is private forest owners’ willingness to supply woody biomass.
This study showed that almost half of private forest owners were willing to supply
woody biomass and a surprisingly high percentage of them were familiar with the
term woody biomass. The results showed that the willingness of private forest
owners to supply woody biomass is likely to be influenced by various factors;
property size, production of fuel wood for personal needs, outdoor recreation as a
management objective, cooperation of private forest owners with owners and
private forest owners’ age. Among the previously mentioned independent variables,
the cooperation with other owners was identified as the strongest predictor. Private
forest owners who were cooperating with other owners were almost seven times
more likely to supply woody biomass than those who were not. This indicates how
cooperation of private forest owners is a motivating factor and has a positive
influence on enhancing owners’ motivation for further activities, such as the
production of woody biomass. The fact is that the willingness for supplying woody
biomass decreases as the private forest owners’ age increases, because most of them
are elderly people and that trend is a continuous process, mostly due to inheritance,
constant emigration from rural areas and youth emigration. These negative trends
severely jeopardize the capacities of private forests for woody biomass mobilisation.
Furthermore, another important factor is the size of the property; as the property size
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increases, so too does the willingness to supply woody biomass. Since a majority of
private forest owners used their forests for production of fuel wood for personal
needs, often on their small-scale properties, it can be concluded that they do not
possess enough financial, labour or organisational sources to meet both needs, their
own and the requirements of the potential market. Consequently, this could explain
why the private forest owners who produce fuel wood for personal needs are less
motivated to supply woody biomass compared with the private forest owners who
produce it for sale.

In order to motivate private forest owners for active management and
mobilisation of woody biomass in Croatia it is necessary that policy makers
prepare a mix of forest policy instruments that will encourage private forest owners
to produce woody biomass from their forest and contribute to the biomass market.
Since cooperation among owners is the strongest factor positively influencing the
willingness of owners to supply woody biomass, it is important to continue the work
on strengthening the cooperation among private forest owners and to develop the
biomass market in order to enhance their possibility to participate in that market.
The existing advisory service, within the ministry of agriculture, should assume the
most important role in the future. Its task is to encourage and support the
establishment of private forest owners associations and their activities, to educate
owners on forest management and to obtain subsidies from Green taxes in order to
improve production from forests. Through a well organised and active association, it
is easier to reach private forest owners, and such organisations facilitate sustainable
forest management, cost sharing and market access. Another possible way of
achieving cooperation among private forest owners is through cooperatives, where
private forest owners jointly manage their properties striving for mutual benefits.
This type of cooperation would be the most suitable, but it is difficult to achieve,
owing to private forest owners’ lack of trust in any kind of cooperation. According
to Gliick et al. (2011), a majority of owners believe that their interests are not
appropriately represented in the policy arena by interest associations, which
indicates a high level of mistrust towards both public forest administration and state
forest enterprises.

It is important to develop a full range of communication tools in order to inform
owners about the importance of environmental and economic benefits of woody
biomass production, best management practices, current market prices for woody
biomass and other features related to bioenergy. Following the development of these
communication tools it would be important to identify a target group of private
forest owners who are willing to supply woody biomass and to inform them about
existing funding possibilities through national (“Green taxes”) or EU funding
programmes (i.e. Croatian Rural Development Programme 2014-2020). Moreover,
it is recommended to focus on the development of specific target-oriented
instruments of forest policy in order to motivate the owners to release the wood
potential from their forests. It is also important to highlight forest policy instruments
such as tax breaks for younger forest owners of rural areas and thus contribute to
general national objectives such as rural development and increasing self-
employment of private forest owners and their families.

@ Springer



Willingness of Private Forest Owners to Supply Woody Biomass in... 565

Acknowledgments This study was conducted within WESSPROFOR project, which arose in the context
of the project “Forest Policy Education and Research in the SEE regions (FOPER)”. The FOPER project
was funded by Finnish Ministry of Foreign Affairs and coordinated by European Forest Institute. The
authors of this study are very grateful for the above mentioned financial support. Also, we gratefully
acknowledge Karlo Beljan, PhD, who carried out the survey and provided helpful feedback, and to Silvija
Krajter Ostoi¢, PhD, for reviewing the manuscript.

References

Beach RH, Pattanayak SK, Yang J-C, Murray BC, Abt RC (2005) Econometric studies of non-industrial
private forest management: a review and synthesis. For Policy Econ 7(3):261-281. doi:10.1016/
S1389-9341(03)00065-0

Benjamin J, Liliholm JR, Damery D (2009) Challenges and opportunities for the Northeastern forest
bioindustry. J For 107(3):125-131

Benkovi¢ Z, Susnik H (2008) Wood biomass raw material for the production of second generation
biofuels. In: Grbac I (ed) Wood is First - attributes, technology, valorization, implementation.
Faculty of Forestry, University of Zagreb, INNOVAWOOD, Zagreb, pp 63-68

Cavlovié J (2010) The first national forest inventory of the Republic of Croatia. Ministry of Regional
Development, Forestry and Water Management and Forestry Faculty of the University in Zagreb,
Zagreb

Conrad JL, Bolding MC, Smith RL, Aust WM (2011) Wood-energy market impact on competition,
procurement practices, and profitability of landowners and forest products industry in the U.S. south.
Biomass Bioenergy 35(1):280-287. doi:10.1016/j.biombioe.2010.08.038

Conway MC, Amacher GS, Sullivan J, Wear D (2003) Decisions nonindustrial forest landowners make:
an empirical examination. J For Econ 9(3):181-203. doi:10.1078/1104-6899-00034

Croatian Parliament (2009) Energy strategy of the Republic Croatia. Ministry of Economy, Labour and
Entrepreneurship, Zagreb

Dennis DF (1989) An economic analysis of harvest behavior: integrating forest and ownership
characteristics. For Sci 35(4):1088-1104

EU (2009) Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the
promotion of the use of energy from renewable sources and amending and subsequently repealing
Directives 2001/77/EC and 2003/30/EC vol OJ L 140. European Parliament and Council of the
European Union, Brussels

EU (2013) A new EU Forest Strategy: for forests and the forest-based sector. European Commission,
Brussels

Field A (2009) Discovering statistics using SPSS. Sage, Los Angeles

Gliick P, Avdibegovi¢ M, Cabaravdié¢ A, Nonié D, Petrovié¢ N, Posavec S, Stojanovska M (2010) The
preconditions for the formation of private forest owners’ interest associations in the Western Balkan
Region. For Policy Econ 12(4):250-263. doi:10.1016/j.forpol.2010.02.001

Gliick P, Avdibegovi¢ M, Cabaravdié¢ A, Nonié D, Petrovié N, Posavec S, Stojanovska M (2011) Private
forest owners in the Western Balkans—ready for the formation of interest associations. European
Forest Institute, Joensuu

Gruchy SR, Grebner DL, Munn IA, Joshi O, Hussain A (2012) An assessment of nonindustrial private forest
landowner willingness to harvest woody biomass in support of bioenergy production in Mississippi: a
contingent rating approach. For Policy Econ 15(2):140-145. doi:10.1016/j.forpol.2011.09.007

Halder P, Paladini¢ E, Stevanov M, Orlovi¢ S, Hokkanen TJ, Pelkonen P (2014) Energy wood production
from private forests—non-industrial private forest owners’ perceptions and attitudes in Croatia and
Serbia. Renew Sust Energy Rev 35:515-526. doi:10.1016/j.rser.2014.04.038

Hosmer DW, Lemeshow S (2000) Applied logistic regression, 2nd edn. Wiley, New York

Joshi S, Arano KG (2009) Determinants of private forest management decisions: a study on West
Virginia NIPF landowners. For Policy Econ 11(2):118-125. doi:10.1016/j.forpol.2008.10.005

Joshi O, Mehmood SR (2011) Factors affecting nonindustrial private forest landowners’ willingness to
supply woody biomass for bioenergy. Biomass Bioenergy 35(1):186—192. doi:10.1016/j.biombioe.
2010.08.016

@ Springer


http://dx.doi.org/10.1016/S1389-9341(03)00065-0
http://dx.doi.org/10.1016/S1389-9341(03)00065-0
http://dx.doi.org/10.1016/j.biombioe.2010.08.038
http://dx.doi.org/10.1078/1104-6899-00034
http://dx.doi.org/10.1016/j.forpol.2010.02.001
http://dx.doi.org/10.1016/j.forpol.2011.09.007
http://dx.doi.org/10.1016/j.rser.2014.04.038
http://dx.doi.org/10.1016/j.forpol.2008.10.005
http://dx.doi.org/10.1016/j.biombioe.2010.08.016
http://dx.doi.org/10.1016/j.biombioe.2010.08.016

566 M. Curman et al.

Joshi O, Grebner DL, Hussain A, Grado SC (2013) Landowner knowledge and willingness to supply
woody biomass for wood-based bioenergy: sample selection approach. J For Econ 19(2):97-109.
doi:10.1016/j.jfe.2012.11.003

Kajba D, Andri¢ I (2014) Selection of willows (Salix sp.) for biomass production. South-East Eur For
5(2):145-151. doi:10.15177/seefor.14-14

Krajter Ostoi¢ S et al. (2015) Forest land ownership change in Croatia. In: Zivojinovié I, Weiss G,
Lidestav G, Feliciano D, Hujala T, Dobsinska Z, Lawrence A, Nybakk E, Quiroga S, Schraml U
(eds) COST Action FP1201 FACESMAP country report. European Forest Institute Central-East and
South-East European Regional Office, Vienna, p 40

Kennedy SN (2001) Reservation prices and willingness to accept prices offers for nonindustrial forest
landowners in Western Virginia. Master of Science. Virginia Polytechnic Institute and State
University

Kuuluvainen J, Karppinen H, Ovaskainen V (1996) Landowner objectives and non-industrial private
timber supply. For Sci 42:300-309

Lindstad BH et al (2015) Forest-based bioenergy policies in five European countries: an explorative study
of interactions with national and EU policies. Biomass Bioenergy 80:102-113. doi:10.1016/j.
biombioe.2015.04.033

Lynch L, Hardie IW, Parker D (2002) Analyzing agricultural landowners’ willingness to install
streamside buffers. http://ageconsearch.umn.edu/bitstream/28570/1/wp02-01.pdf. Accessed 23 Nov
2014

Majumdar I, Teeter L, Butler B (2008) Characterizing family forest owners: a cluster analysis approach.
For Sci 54(2):176-184

Manski C (1977) The structure of random utility models. Theor Dec 8(3):229-254

Marzluff JM et al (2002) Modeling changes in wildlife habitat and timber revenues in response to forest
management. For Sci 48(2):191-202

Miheli¢ M, Spinelli R, Magagnotti N, Poje A (2015) Performance of new industrial chipper for rural
contractors. Biomass Bioenergy 83:152—158. doi:10.1016/j.biombioe.2015.09.010

Orli¢ S (1999) Drugi proredni zahvat, produkcija biomase i njezin kemizam u kulturi obi¢ne smreke
Velika Buna. Radovi §umarsk0g instituta 34(2):39-51

Peters DM et al (2015) Energy wood from forests—stakeholder perception in five European countries.
Energy Sustain Soc 5(17):1-12. doi:10.1186/s13705-015-0045-9

Pezdeviek Malovrh $ (2010) Influence of institutions and forms of cooperation on private forest
management. Dissertation, University of Ljubljana, Biotechnical Faculty, Department of Forestry
and Renewable Forest Resources

Pezdeviek Malovrh S, Zadnik Stirn L, Kr& J (2010) Influence of property and ownership conditions on
willingness to cooperate. Sumarski list 134(3-4):139-149

Pezdeviek Malovrh S, Nonié D, Glavonji¢ P, Nedeljkovic J, Avdibegovi¢ M, Kr¢ J (2015) Private forest
owner typologies in Slovenia and Serbia: targeting private forest owner groups for policy
implementation. Small-scale For 14(4):423-440. doi:10.1007/s11842-015-9296-8

Pindyck RS, Rubinfeld DL (1981) Econometric models and economic forecasts. McGraw-Hill, New York

Posavec S, Trnini¢ S (2008) Small-scale rural forest historical trends and present distribution in Croatia.
In: Buttoud G (ed) Small-scale rural forest use and management: global policies versus local
knowledge, IUFRO Unit 3.08: Small-scale forest management. Gérardmer, France

Posavec S, Mersudin A, DZenan B, Nenad P, Makedonka S, Dane M, §pela PM (2015) Private forest
owners’ willingness to supply woody biomass in selected South-Eastern European countries.
Biomass Bioenergy 81:144-153. doi:10.1016/j.biombioe.2015.06.011

Prelec Z, Beronja M, Medica V (2004) Use of wood biomass in a cogeneration system with an indirectly
fired gas turbine. In: Frankovic B (ed) Energy and the environment. Hrvatsko drustvo za suncevu
energiju, Opatija, pp 219-228

Risovi¢ S, Domac J, Kajba D, Bogdan S, §eg0n V (2004) Bioenergy in Croatia: how to bridge the gap
between resource potential and implementation. In: Van Swaaij WPM, Fjallstrom T, Helm P, Grassi
A (eds) Proceedings of the second world biomass conference. ETA-Florence, WIP-Munich,
pp 2404-2407

Risovi¢ S, Puki¢ I, Vuckovi¢ K (2008) Energy analysis of pellets made of wood residues. Croat J For
Eng 29(1):95-108

S.Inc. PASW Statistics for Windows, Version 18.0. 2009

@ Springer


http://dx.doi.org/10.1016/j.jfe.2012.11.003
http://dx.doi.org/10.15177/seefor.14-14
http://dx.doi.org/10.1016/j.biombioe.2015.04.033
http://dx.doi.org/10.1016/j.biombioe.2015.04.033
http://ageconsearch.umn.edu/bitstream/28570/1/wp02-01.pdf
http://dx.doi.org/10.1016/j.biombioe.2015.09.010
http://dx.doi.org/10.1186/s13705-015-0045-9
http://dx.doi.org/10.1007/s11842-015-9296-8
http://dx.doi.org/10.1016/j.biombioe.2015.06.011

Willingness of Private Forest Owners to Supply Woody Biomass in... 567

Shivan GC, Mehmood SR (2010) Factors influencing nonindustrial private forest landowners’ policy
preference for promoting bioenergy. For Policy Econ 12(8):581-588. doi:10.1016/j.forpol.2010.07.
005

Shivan GC, Mehmood SR (2012) Determinants of nonindustrial private forest landowner willingness to
accept price offers for woody biomass. For Policy Econ 25:47-55. doi:10.1016/j.forpol.2012.09.004

Sipila K, Makinen T, Wilen C, Solantausta Y, Arasrto A, Helynen S (2008) Bioenergy in Europe:
implementation of EU directives and policies relating to bioenergy in Europe and RD&D priorites
for the future. In: Luxmore C (ed) VTT Tiedotteita-Research Notes. VTRCo, Finland, p 59

Sjglie HK, Becker D, Habesland D, Solberg B, Lindstad BH, Snyder S, Kilgore M (2016) Willingness of
nonindustrial private forest owners in norway to supply logging residues for wood energy. Small-
scale For 15(1):29-43. doi:10.1007/s11842-015-9306-x

Stupak I et al (2007) Sustainable utilisation of forest biomass for energy—possibilities and problems:
policy, legislation, certification, and recommendations and guidelines in the Nordic, Baltic, and
other European countries. Biomass Bioenergy 31(10):666—684. doi:10.1016/j.biombioe.2007.06.012

Ministry of Economy (2013) Energy in Croatia 2013 - Annual energy report. Ministry of Economy,
Republic of Croatia, Zagreb. http://www.eihp.hr/wp-content/uploads/2015/03/Energija2013.pdf.
Accessed 16 April 2016

Ministry of Economy (2014) The third national energy efficiency Action Plan of the Republic of Croatia
for the Period from 2014 to 2016. Ministry of Economy, Republic of Croatia, Zagreb. https://ec.
europa.eu/energy/sites/ener/files/documents/2014_neeap_en_croatia.pdf. Accessed 16 April 2016

Topi¢ V, Butorac L, Peri¢ S (2006) Biomass of oriental hornbeam (Carpinus orientalis Mill.) shrub in
submediterranean part of Croatia. Radovi éumarskog instituta 9:139-147

Topi¢ V, Butorac L, Jeli¢ G (2009) Biomass in strawberry tree coppice forests (Arbutus unedo L.) on
island Bra¢. Sumarski list 133(1-2):5-14

Vokoun M, Amacher GS, Wear DN (2006) Scale of harvesting by non-industrial private forest
landowners. J For Econ 11(4):223-244. doi:10.1016/j.jfe.2005.10.002

World Energy Council (2008) Europe’s vulnerability to energy crises: executive summary, https:/www.
worldenergy.org/wpcontent/uploads/2012/10/PUB_Europes_Vulnerability_to_Energy_Crisis_Exec_
Summary_2008_WEC.pdf. Accessed 18 Apr 2016

Zelié Z, Vusié D (2013) Biomass production potential of black pine (Pinus nigra Arn.) in forest cultures.
In: Ani¢ I, Tomi¢ F, Mati¢ S (eds) Sumarstvo i poljoprivreda hrvatskog Sredozemlja na pragu
Europske Unije. Hrvatska akademija znanosti i umjetnosti, Zagreb, pp 161-174

Ze&ié Z, Tikvié I, Vusié D (2013) The potential of biomass for energy production in continental croatia in
relation to specific habitat conditions and tree species. In: Ani¢ I, Tomi¢ F, Mati¢ S (eds) Food
production and forestry—basis for development for Eastern Croatia. HAZU, Zagreb, pp 313-341

Zhang D, Mehmood SR (2001) Predicting nonindustrial private forest landowners’ choices of a forester
for harvesting and tree planting assistance in Alabama. South J Appl For 25(3):101-107

Zhang Y, Zhang D, Schelhas J (2005) Small-scale non-industrial private forest ownership in the United
States: rationale and implications for forest management. Silva Fenn 39(3):443-454

@ Springer


http://dx.doi.org/10.1016/j.forpol.2010.07.005
http://dx.doi.org/10.1016/j.forpol.2010.07.005
http://dx.doi.org/10.1016/j.forpol.2012.09.004
http://dx.doi.org/10.1007/s11842-015-9306-x
http://dx.doi.org/10.1016/j.biombioe.2007.06.012
http://www.eihp.hr/wp-content/uploads/2015/03/Energija2013.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/2014_neeap_en_croatia.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/2014_neeap_en_croatia.pdf
http://dx.doi.org/10.1016/j.jfe.2005.10.002
https://www.worldenergy.org/wpcontent/uploads/2012/10/PUB_Europes_Vulnerability_to_Energy_Crisis_Exec_Summary_2008_WEC.pdf
https://www.worldenergy.org/wpcontent/uploads/2012/10/PUB_Europes_Vulnerability_to_Energy_Crisis_Exec_Summary_2008_WEC.pdf
https://www.worldenergy.org/wpcontent/uploads/2012/10/PUB_Europes_Vulnerability_to_Energy_Crisis_Exec_Summary_2008_WEC.pdf

	Willingness of Private Forest Owners to Supply Woody Biomass in Croatia
	Abstract
	Introduction
	Research Methods
	Survey Method
	Theory Behind the Econometric Modeling Method Used
	Variable Definition and Predicted Influence

	Results and Discussion
	Basic Characteristics of the Sample
	Results of Logistic Regression Model

	Conclusion
	Acknowledgments
	References




