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a b s t r a c t
Forests act as carbon sinks and can make signiﬁcant contributions to climate change mitigation efforts. In Norway, family forest owners own 80% of productive forestland and play a central role in the management of the
country's forests. Yet little is known about whether these landowners would be interested in increasing carbon
sequestration on their land and selling carbon credits. Only a handful of studies have examined the factors that
motivate family forest owners to participate in carbon offset programs, and all of these studies have been conducted in the United States. This study addresses this information gap using data from a mail survey of 1500 Norwegian family forest owners. A logistic regression model was developed to examine the effect of various carbon
program, forestland, and landowner characteristics on participation in a hypothetical carbon offset program. Results suggest that there is a considerable amount of interest among Norwegian family forest owners and that the
most important predictors of participation are payment amount offered, perceived barriers posed by management actions, importance placed on non-market forest amenities, and attitudes towards climate change.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
Forests act as carbon sinks and therefore play an important role in mitigating climate change, removing carbon from the atmosphere equivalent
to about a third of the world's combined annual greenhouse gas emissions
(Pan et al., 2011). Certain forest management practices can increase the
amount of carbon stored in forests (Nunery and Keeton, 2010; Ruddell
et al., 2007) and potentially provide one of the lowest-cost and highestvolume opportunities for climate change mitigation (Galik et al., 2009;
Gorte and Ramseur, 2008). If policy mechanisms are in place, private forest owners can be compensated for undertaking management practices
that increase the amount of carbon stored on their land. For instance, in
California's cap-and-trade system, forest management projects that increase carbon sequestration can generate credits that can be sold to offset
emissions elsewhere in the market (CARB, 2014).
In Norway, a quarter of the land area is covered in productive forestland, and overall about 40% of the country is forested (Rognstad
and Steinset, 2011). In 2005, Norwegian forests sequestered
29.9 million tons CO2e, which was equivalent to 55% of the country's
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anthropogenic greenhouse gas emissions that year (Norwegian
Ministry of the Environment, 2008). It has been estimated that forest
management measures could increase sequestration of CO2 substantially, by up to 12.3 million tons per year over the next 100 years
(Norwegian Climate and Pollution Agency, 2010). Family forest owners
own 80% of productive forestland in Norway and play a central role in
the management of the country's forests (Rognstad and Steinset,
2011). Thus, they also play an important role in Norway's efforts to reduce its net greenhouse gas emissions.
There is currently no policy mechanism in place to encourage increased carbon sequestration on private forestland in Norway or to
allow Norwegian family forest owners to sell carbon credits. However,
the topic is high on the political agenda, with several public reports
and white papers discussing how Norwegian forests may contribute to
climate change mitigation published during the past six years
(Norwegian Climate and Pollution Agency, 2010; Norwegian Ministry
of Agriculture and Food, 2009; Norwegian Ministry of the
Environment, 2012; Norwegian Ministry of Climate and Environment,
2015). Although the standing volume in Norway's forests is currently
at a high due to intensive planting and afforestation between 1950
and 1990, forest growth and carbon sequestration are projected to decline in the future (Trømborg et al., 2011).
Family forest owners are a diverse group with a wide range of objectives, values, and attitudes that have been found to affect their
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management decisions (Becker et al., 2013; Bolkesjø et al., 2007; Butler
et al., 2007; Finley and Kittredge, 2006; Ingemarson et al., 2006;
Karppinen, 1998; Kline et al., 2000). If policymakers wish to implement
programs aimed at increasing the amount of carbon sequestered in Norwegian forests, it is important to recognize the heterogeneity of family
forest owners and the factors that inﬂuence their willingness to participate in such programs (Finley and Kittredge, 2006). This study investigates the factors that affect whether Norwegian family forest owners
would be willing to manage their forests for increased carbon sequestration and estimates the potential supply of forest carbon offsets from
family forestlands in Norway.
2. Background
Only a handful of studies have quantitatively examined factors that inﬂuence family forest owner interest in participating in carbon offset programs. Three of these were carried out in Massachusetts, the ﬁrst being a
pilot study conducted by Fletcher et al. (2009), which was expanded on
by Dickinson (2010) and Markowski-Lindsay et al. (2011). The studies
used mail surveys to ask respondents to rate various hypothetical carbon
sequestration programs according to how likely they would be to enroll
the program. The programs varied in terms of several program attributes,
such as expected payment, time commitment, whether or not a management plan was required, and whether or not there was a penalty for early
withdrawal. The studies generally found that respondents preferred programs with higher expected payment, shorter time commitments, no
management plan requirement, and no early withdrawal penalty, and
suggest that certain landowner characteristics, such as having higher education and believing that forests can reduce climate change, increase the
probability of participation. Overall, the three Massachusetts studies
found that family forest owner participation would be quite low given
program characteristics similar to those in existing carbon sequestration
programs, and that non-monetary factors played an important role in
landowner decision-making.
Another study was conducted by Thompson and Hansen (2012)
using data from a nationwide mail survey of 429 U.S. family forest
owners. The survey asked questions gauging respondents' attitudes towards potential economic and environmental impacts of participating
in carbon sequestration and trading, as well as questions about the
respondent's land characteristics, land-use planning, and demographic
information. A cluster analysis revealed two distinct clusters of positive
and negative attitudes among respondents about managing their forest
for carbon sequestration and trading. Respondents in the positive attitude cluster tended to own smaller parcels and actively manage their
forest.
Miller et al. (2012) conducted a study examining the factors
inﬂuencing landowner participation in forest carbon offset programs
in Michigan, Wisconsin, and Minnesota. The study used a mail-back
questionnaire that posed a dichotomous choice question about whether
respondents would enroll in the program given a speciﬁed per acre payment and contract length. The questionnaire also included questions
about ownership objectives and practices, forestland characteristics, attitudes towards climate change, familiarity with carbon markets, and
landowner demographics. The study found that many landowners
would be interested in participating given favorable ﬁnancial conditions
and short contract periods, particularly absentee owners who owned
larger parcels and had already completed some of the carbon program
requirements. Landowners were also more likely to participate if they
had positive attitudes towards using forests to mitigate climate change
and if they greatly valued the non-market amenities of their forest.
In general, these previous studies show that landowners are sensitive to program requirements and conditions. As one might expect,
they prefer programs with higher compensation amounts and less stringent requirements regarding the time commitment, early withdrawal,
and management plans. However, the studies also suggest that landowner interest in carbon programs is primarily motivated by non-
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monetary factors, and that active forest managers with higher education
and who believe that forestry can play an important role in mitigating
climate change may be more likely to participate in carbon programs.
As only a small number of studies on family forest owner interest in
carbon programs have been conducted, there are important knowledge
gaps that need to be addressed. All of the studies so far have been conducted in the United States, and as Markowski-Lindsay et al. (2011)
point out, forest ownership trends and behavior are likely to vary by region. More studies need to be conducted in other parts of the world to
better understand how regional differences affect landowner decisionmaking, particularly as emissions trading and carbon offsetting opportunities continue to develop.
The studies that have been conducted so far have also had samples
dominated by relatively small landowner holdings. For instance,
Markowski-Lindsay et al. (2011) and Miller et al. (2012) had mean parcel sizes of 48 ac (19 ha) and 63 ac (25 ha) respectively. While small
acreage landowners make up the largest number of family forest
owners in the respective study regions, they do not necessarily account
for the largest share of the total forestland or those landowners who
might be most inclined to participate. To estimate the total potential increase in carbon sequestration from a national carbon program in Norway, it is important to understand what inﬂuences the behavior of
large acreage landowners as well. This study attempts to address both
of these knowledge gaps.
3. Data and methods
3.1. Survey development
A mail survey was developed to investigate Norwegian family forest
owners' interest in participating in carbon offset programs. The survey
was based on the one used by Miller et al. (2012), but underwent extensive review with Statistics Norway and was modiﬁed to ensure that the
tone and content of the questions were appropriate for Norwegian landowners. The survey was mailed out to a random sample of 1500 landowners who owned at least 8 ha of forestland in Norway. The sample
was stratiﬁed by property size, using three size classes: 8.0–49.9 ha,
50.0–99.9 ha, and N 99.9 ha. The sample in each size class was drawn
proportional to the total forest area in each size class. This was done
to generate an overrepresentation of large acreage forest owners.
Three mailings were sent beginning in April 2013, following the Total
Design Method (Dillman, 1978). Each mailing included a personally addressed cover letter, the full survey, and a pre-paid return envelope.
Surveys returned by August 1, 2013 were considered for analysis.
The survey presented respondents with a hypothetical carbon program that varied in terms of the number of years a respondent would
be required to participate (10, 25, or 50 years) and the payment amount
they would receive per hectare per year (50, 200, 400, or 600 NOK).a
Twelve versions of the survey were created using combinations of the
three different contract lengths and the four different payment
amounts. Respondents were provided information about several management actions they would need to undertake in order to participate,
such as having a forest management plan prepared, having the forest
certiﬁed by an independent third party, and carrying out management
actions that increase carbon sequestration in the forest. It was made
clear that these management actions would depend on the speciﬁc conditions of the landowner's forest and could include harvesting more or
less timber, increasing tree planting, or increasing fertilization. Respondents were then presented with a dichotomous choice question asking
whether they would participate in the program given the conditions
outlined above. The survey did not ask respondents how intensively
they would undertake the management actions increasing carbon sequestration or how much of their land they would be willing to enroll
a
These payments correspond to approximately 6, 26, 51, and 77 USD/ha per year, given
an exchange rate of 7.8 NOK/USD.
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in a carbon program. It was assumed that a landowner would enroll the
entire forest property in the carbon program and undertake the management actions needed to sell forest carbon offsets.
Several studies have found that contingent valuation studies exhibit
hypothetical bias both when estimating willingness to pay and willingness to accept (Blumenschein et al., 1998; Champ and Bishop, 2001;
Champ et al., 1997; List and Gallet, 2001; Murphy et al., 2005). This
means that while some respondents may state that they would be willing to accept the contract conditions and participate in the hypothetical
carbon program, if they were faced with the actual decision they may
instead be uncertain or unwilling to participate. In this study, there
are a couple of reasons respondents may have been uncertain about
their response to the dichotomous choice question. Some respondents
may have felt they had not been given enough information about the
carbon program in order to make an informed decision. Additionally, respondents who were offered a payment amount close to their reservation price (i.e. the lowest amount of compensation they would have
been willing to accept) would have been more uncertain about their response than respondents who were offered a payment amount much
higher or lower than their reservation price. Studies have found that explicitly asking respondents about the certainty of their response can
allow researchers to better estimate actual behavior (Champ and
Bishop, 2001; Champ et al., 1997). Therefore, following the dichotomous choice question, respondents were asked two questions about
how conﬁdent they felt in their answer using a ﬁve-point rating scale.
The ﬁrst question asked how certain they were given the conditions in
the contract, and the second question asked how certain they were
given the information they had received about the carbon program.
The survey also asked several questions about the respondent's objectives (e.g. reasons for owning forestland, past and planned management actions) and attitudes (e.g. importance of various forest
characteristics, perceived barriers to participation, attitudes towards climate change and using forests to mitigate climate change). Finally, the
survey included several questions about the respondent's demographic
information (e.g. age, gender, education, residential information).

Existing literature on family forest owners was used to inform the
decision about which predictor variables to include in the model and
their hypothesized effect on participation in carbon programs. These
variables can be grouped into three categories: carbon program characteristics, forestland characteristics, and landowner characteristics
(Table 1).
Previous studies on carbon programs and incentive programs for
other ecosystem services suggest that payment amount and contract
length are important program characteristics and were included in the
model. Several studies have demonstrated a positive relationship between the payment amount offered and participation (Dickinson et al.,
2012; Fletcher et al., 2009; Kilgore et al., 2008a; Kline et al., 2000;
Layton and Siikamäki, 2009; Markowski-Lindsay et al., 2011; Miller et
al., 2012; Rabotyagov and Lin, 2013; Sullivan et al., 2005). Payment
amount (PAYMENT) was therefore hypothesized to have a positive effect on participation. Most studies have found that landowners prefer
shorter contract lengths (Dickinson et al., 2012; Layton and Siikamäki,
2009; Markowski-Lindsay et al., 2011; Miller et al., 2012; Rabotyagov
and Lin, 2013), and contract length (YEARS) was therefore hypothesized to have a negative effect on participation.
Two forestland characteristics were hypothesized to affect participation: total amount of forestland owned and whether the landowner had
harvested timber in the past. The literature suggests that the impact of
forest size is somewhat mixed, with most studies on carbon programs
ﬁnding forest size to have no effect, or a marginally signiﬁcant positive
Table 1
Description of variables hypothesized to affect participation in carbon programs.
Variable

Carbon program characteristics
PAYMENT
Categorical variable indicating the payment
amount offered (50, 200, 400, or 600
YEARS

3.2. Model development
A random utility model (Hanemann, 1984) provides the theoretical
basis for estimating Norwegian family forest owner interest in participating in carbon programs. The survey data were analyzed using a binary logistic regression model, and all computations were done using the
statistical software R version 3.1.0. The dependent variable was the
respondent's answer to the dichotomous choice question, which took
on the value of “1” if the respondent was willing to accept the conditions
and participate in the carbon program, and “0” if the respondent was
not willing to participate. The model takes the general form:

logitðY i Þ ¼ ln

pi
1−pi



0

¼ α þ β Xi

ð1Þ

where:
outcome of interest (whether a landowner will participate in
the carbon program)
probability of outcome
pi
α
intercept
β′
vector of regression coefﬁcients
vector of predictor variables (e.g. payment amount, parcel
Xi
size, past harvesting).
Eq. (1) can be rewritten to allow us to estimate the probability of occurrence of the outcome of interest (Peng et al., 2002):

Yi

PðY i ¼ 1jX i Þ ¼

0

αþβ X i

e

0

1 þ eαþβ X i

¼

1
0

1 þ e−ðαþβ X i Þ

ð2Þ

Description

NOK/ha/year)
Categorical variable indicating the contract
length required (10, 25, or 50 years)

Hypothesized
effect on
participation
Positive

Negative

Forestland characteristics
HECTARES
Continuous variable indicating the total
Uncertain
amount of forestland owned in hectares
HARVEST
Binary variable indicating whether the
Positive
respondent has harvested timber in the past
Landowner characteristics
MALE
Binary variable indicating the gender of the
respondent (1 = male)
HIGHER.ED
Binary variable indicating whether the
respondent has attained education beyond
a high school diploma
TENURE
Continuous variable indicating length of
ownership
RESIDE
Binary variable indicating whether the
respondent resides on or within 10 km of
their forestland
FAMILIARITY
Categorical variable indicating the
respondent's level of familiarity with
managing forests for carbon sequestration
OTHER.INCOME Categorical variable indicating importance
of generating non-timber income from the
forestland
NON.MARKET
Continuous (composite) variable indicating
the importance of non-market forest
amenities (e.g. soil and water quality,
aesthetics, biodiversity)
BARRIERS
Continuous (composite) variable indicating
the extent to which various required
actions are perceived as barriers to
participation
Continuous (composite) variable indicating
CO2·COMP
the respondents attitudes towards climate
change and using forests to mitigate climate
change

Uncertain
Positive

Negative
Uncertain

Positive

Positive

Positive

Negative

Positive
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effect (Dickinson et al., 2012; Markowski-Lindsay et al., 2011; Miller et
al., 2012). Thompson and Hansen (2012) found that larger landowners
tend to have more negative attitudes towards carbon sequestration and
trading. For other types of incentive programs, some studies found total
forest size to positively affect participation (Kilgore et al., 2008b;
Lindhjem and Mitani, 2012; Mäntymaa et al., 2009; Sullivan et al.,
2005), while others found it to have a negative effect (Kline et al.,
2000; Rabotyagov and Lin, 2013). Total forestland owned (HECTARES)
was therefore included in the model with an uncertain hypothesized effect. Whether the landowner had harvested in the past (HARVEST) was
included as an indicator of whether the forest was being actively managed (Butler et al., 2007). The hypothesized effect on participation was
positive, as it has been suggested that landowners already actively managing their forests are more willing to take the management actions required to participate in carbon programs (Markowski-Lindsay et al.,
2011).
Several landowner characteristics were also included in the model.
Gender (MALE) was included, although the literature suggests that
the role of gender is mixed. While Miller et al. (2012) found that men
were more likely to participate in carbon programs, Dickinson et al.
(2012) found that women were more likely to participate. The hypothesized effect of gender was therefore uncertain. Several studies suggest
that landowner education level has a positive effect on participation in
carbon markets (Dickinson et al., 2012; Markowski-Lindsay et al.,
2011; Thompson and Hansen, 2012). A variable indicating whether
the landowner has education beyond the high school level (HIGHER.ED)
was included and hypothesized to have a positive effect on participation. Length of ownership, in years, (TENURE) was also included in the
model with a negative hypothesized effect, as some studies have
found evidence suggesting that land tenure may have a negative effect
on participation in carbon programs (Miller et al., 2012) and conservation programs (Rabotyagov and Lin, 2013). Residing on the forestland
(RESIDE) was also thought to affect participation, though the hypothesized effect was uncertain. Miller et al. (2012) found that absentee
owners were more interested in participating in carbon programs,
while Thompson and Hansen (2012) found that absentee owners
were less likely to participate. Kilgore et al. (2008a) found that landowners were more likely to participate in an incentive program if they
were familiar with it prior to receiving the survey, so a categorical variable indicating level of familiarity with managing forests for carbon sequestration (FAMILIARITY) was included and hypothesized to have a
positive effect on participation.
Family forest owners have diverse motivations for owning forestland, many of which involve non-timber values (Butler et al., 2007;
Kline et al., 2000). Miller et al. (2012) found that landowners who
place importance on generating non-timber income from their land
were more interested in selling carbon credits. A categorical variable indicating the importance of generating non-timber income (e.g. hunting
and ﬁshing licenses, rent from cabins) from the forestland
(OTHER.INCOME) was therefore included and hypothesized to positively affect participation. Managing forests for carbon sequestration also
has the potential to enhance other non-market amenities in a forest
compared to traditional timber management. The Norwegian landowner survey listed a few of these, speciﬁcally soil and water quality, biodiversity, and aesthetics, and asked respondents to rate, on a 5-point
rating scale, how important each of these forest characteristics was to
them. Miller et al. (2012) found that landowners who place a high
level of importance on these non-market amenities are more likely to
participate in carbon programs. A composite score (NON.MARKET),
which averaged the importance of each of the three non-market forest
amenities, was therefore included in the model and hypothesized to
positively affect participation.
Participating in a carbon program would require a landowner to take
speciﬁc management actions to increase carbon sequestration on their
land, which may present barriers to participation. The survey presented
respondents with ten such potential management actions, including
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having the forest certiﬁed, accepting regular monitoring and veriﬁcation, and harvesting less timber than planned. Respondents rated the
extent to which each management action presented a barrier to participation on a 5-point rating scale. A composite score (BARRIERS), which
averaged the ratings, was included in the model and hypothesized to
negatively affect participation, as was found by Miller et al. (2012).
Other studies have found that landowners are less interested in participating in carbon programs that require management plans and establishing additionality, which would also support this hypothesis
(Dickinson et al., 2012; Markowski-Lindsay et al., 2011).
Finally, it was hypothesized that landowners who believe climate
change is an important concern and that forests can play an important
role in mitigating climate change would be more interested in participating (Markowski-Lindsay et al., 2011; Miller et al., 2012). Respondents were asked to rate on a 5-point rating scale, their level of
agreement with three statements: that humans have contributed to climate change, that forests can play an important role in mitigating climate change, and that they own enough forest for it to be worthwhile
to manage for carbon. A composite score (CO2·COMP), which averaged
their level of agreement with these statements, was included with a
positive hypothesized effect.
3.3. Data inspection
Before conducting the analysis, the suitability of logistic regression as
an analysis method was assessed. As shown in Eq. (1), logistic regression
assumes that the log odds ratio is linearly related to the predictor variables. To check this linearity assumption, each continuous and categorical
predictor variable was binned, and the log odds ratio was plotted for each
bin. All but two variables were found to adequately meet the linearity assumption without needing transformations. The variables PAYMENT and
HECTARES were found to meet the linearity assumption when transformed by taking the natural log of the variable, so the transformed variables lnPAYMENT and lnHECTARES were included in the model instead.
As is common with voluntary surveys, many respondents did not ﬁll
out responses to every item in the survey. About two-thirds of respondents answered all items that were included as variables in the model.
Overall, about 5% of the items for the model variables were missing. Although a common method for dealing with missing data is listwise deletion, which involves eliminating an entire observation if any entries
are missing, this method results in the loss of valuable information
and a potential selection bias, as it assumes that data is missing
completely at randomly (MCAR) (King et al., 2001). To test, a Little's
MCAR test was run, giving a Chi-squared of 3439.742 on 3240 degrees
of freedom, and a p-value of 0.007. The null hypothesis that the data is
MCAR was therefore rejected, suggesting that listwise deletion could indeed lead to biased results.
One of the most highly recommended methods for dealing with missing data in the social sciences is multiple imputation (King et al., 2001;
Little et al., 2014; Manly and Wells, 2012; Schafer and Graham, 2002).
Multiple imputation uses the distribution of the observed data to estimate
plausible estimates for the missing values. Multiple datasets are created,
each of which is slightly different due to random components that reﬂect
the uncertainty in the values (White et al., 2011). Each dataset is analyzed
individually and the results are combined using the rules outlined by
Rubin (1987) to obtain overall coefﬁcients and standard errors. The R
package Amelia II (Honaker et al., 2011) was used to create 10 multiply
imputed datasets, and the R package Zelig (Owen et al., 2013) was used
to analyze the datasets and combine results.
4. Results
4.1. Survey response rate
Of the 1500 surveys mailed to Norwegian family forest owners,
seven were undeliverable and 15 were incorrectly sampled (e.g.
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recipient was deceased or no longer owns forest property), giving an
adjusted sample size of 1478. A total of 841 surveys were returned, of
which 831 were considered usable for the analysis. Only surveys that
were returned completely blank or where the respondent indicated
that they did not own forestland were removed before conducting the
analysis. In addition, there were 25 responses from landowners who
did not wish to participate. This gave an overall response rate of 59%,
and a usable response rate of 56%.
This response rate is high compared to other surveys of family forest
owners, which tend to be in the range of 32% to 67% (Butler et al., 2007;
Dickinson et al., 2012; Kendra and Hull, 2005; Kilgore et al., 2008b;
Markowski-Lindsay et al., 2011; Miller et al., 2012; Rasamoelina et al.,
2010). Few surveys of Norwegian family forest owners have been conducted previously, however a survey examining their willingness to accept compensation for voluntary conservation achieved an overall
response rate of 38.5% (Lindhjem and Mitani, 2012).
4.2. Sample description
The mean respondent was 55 years old, owned 319 ha of forestland
(median forest size was 150 ha), and had owned their forest property
for 22 years. About 83% of respondents were male, 43% had completed
some higher education, and 82% resided on or within 10 km of their forestland. Respondents tended to be active forest managers, with about
73% being members of forest owner associations and 78% having harvested timber for sale since owning the property. The most important
reasons for forest ownership were “Heritage/family tradition,” “Part of
farm or other property,” and “Timber income.”
Overall, 48% of respondents indicated that they would be interested
in participating in a carbon program, given the contract conditions offered. Respondents cited fertilizing more and changing harvesting practices as the largest barriers to participation in carbon programs. On the
other hand, getting their forest certiﬁed, having an inventory and management plan prepared, and implementing measures in the management plan were not seen as particularly large barriers. This is likely
due to the fact that the sample consisted largely of active landowners,
and each of these three measures had already been completed by between 60% and 67% of respondents during the past 10 years.
With regard to their attitudes about using forests to mitigate climate
change, 41% of respondents said they completely agree (5 on a 5-point
rating scale) that humans have contributed to climate change, 42%
completely agree that forestry can play an important role in mitigating
climate change, while only 15% completely agree that they own enough
forest for it to be worthwhile to implement measures to mitigate climate change on their land.
4.3. Checking for non-response bias
In order to check for potential non-response bias, respondents were
compared to those who did not return the survey. Statistics Norway
provided data on selected variables for the entire population of family
forest owners, the gross sample (i.e. all the landowners in the sample),
and the net sample (i.e. all landowners who returned the survey) (Table
2). These data show that respondents were more likely to be male, have
harvested timber, and own more forestland than non-respondents. As
this study purposefully oversampled large acreage landowners and
thereby also more active landowners, this means that these landowners
are even more overrepresented in the net sample. Respondents were
very similar to non-respondents, and the population, in terms of age
and living on the forest property.
4.4. Logistic regression models
The logistic regression model was run on four different subsets of respondents. Model 1 included all respondents and modeled factors that
were hypothesized to affect overall interest in participating in carbon

Table 2
Mean values for population, gross sample, and net sample.
Variable

Population

Gross sample

Net sample

Age (years)
Male
Harvested timber in 2011
Live on forest property
Total forest area owned (ha)

56.0
77%
15%
63.6%
85.3

55.4
78%
29%
64.1%
221.9

55.2
81%
34%
63.5%
265.7

programs in the sample. Guided by studies that examined the potential
for hypothetical bias in contingent valuation studies (Champ and
Bishop, 2001; Champ et al., 1997), Model 2 includes only respondents
who indicated that they were highly certain about their response to
the dichotomous choice question (i.e. whether or not they would participate in the carbon program given the contract conditions they were offered). Responses to the two certainty questions were averaged, and a
cutoff of ≥4 on the ﬁve-point rating scale was used to determine whether or not the respondent was certain of their response. The choice for the
cutoff was informed by Champ and Bishop (2001), who found that stated behavior was most similar to actual behavior when only responses
with eight or more on a 10-point certainty scale were considered
valid. By only including respondents who are highly certain of their response, Model 2 minimizes the potential for hypothetical bias and may
improve estimates of participation in an actual carbon program.
Because the sample was stratiﬁed to give an overrepresentation of
large forest owners, this allowed us to run a separate model on their responses, something that has not been done in previous studies on family
forest owner participation in carbon programs. Model 3 included only
landowners who own N150 ha of forestland, and Model 4 included
only landowners who own 150 ha or less of forestland. Descriptive statistics for the sample subsets used by each model are shown in Table 3.
4.5. Signiﬁcant predictors of participation
Table 4 reports the coefﬁcients and standard errors of the logistic regression analyses. The payment amount offered (PAYMENT) is highly
signiﬁcant in all of the models and has a positive coefﬁcient as expected.
The contract length required (YEARS) has a negative coefﬁcient as expected, however, it is not statistically signiﬁcant in any of the models.
The amount of forestland owned (HECTARES) only has a marginally signiﬁcant positive effect on participation in Model 1, while having harvested previously (HARVEST) is signiﬁcant in Model 3, but with a
negative coefﬁcient, opposite of what was hypothesized.
Of the landowner characteristics, only four were found to be signiﬁcant in any of the models. Having higher education (HIGHER.ED) has a
positive impact on participation in three of the models. Placing importance on non-market values (NON.MARKET) negatively inﬂuences participation in three of the models, contrary to the hypothesized effect.
Perceived barriers to participation (BARRIERS) and attitudes towards
using forests to mitigate climate change (CO2·COMP) are signiﬁcant in
all four models, both with the hypothesized effect on participation.
Table 5 reports the marginal effects of each variable in the four
models. Marginal effects indicate the change in probability of participation associated with a one unit increase in a continuous explanatory variable or a change from 0 to 1 in a binary explanatory variable. For
instance, marginal effects on BARRIERS in Model 1 indicate that a 1
point increase in the composite score would decrease the probability
of participation by about 37%. The marginal effects on HIGHER.ED in
Model 1 indicate that a respondent with higher education is about
12% more likely to participate than a respondent without higher education. For the log-transformed variables lnPAYMENT and lnHECTARES,
the marginal effects indicate the change in probability of participation
associated with the variable increasing by a factor of e (the base of the
natural logarithm, approximately equals to 2.718). In other words,
based on Model 1, increasing the payment amount offered by a factor
of 2.718 increases the probability of participation by about 11%. All
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Table 3
Mean values and standard deviations (in brackets) for sample subsets.
Model 1

Model 2

Model 3

All respondents (n

Certain respondents (n

Model 4

= 831)

= 394)

Large acreage landowners (N150 ha) Small acreage landowners (≤150 ha)
(n = 385)
(n = 387)

Would accept contract conditions
Age (years)
Male
Have education beyond high school
Length of ownership (years)
Reside on or within 10 km of forest property
Member of forest owner association
Forestland owned (hectares)
Previously harvested timber for sale
Forest certiﬁed during the past 10 years
Prepared a management plan during the past 10

48%
55.4 (12.2)
83%
43%
22.0 (13.3)
82%
73%
319.3 (1694.5)
78%
66%
61%

51%
54.2 (11.4)
84%
51%
21.4 (12.8)
82%
72%
426.4 (2423.2)
80%
68%
62%

56%
54.4 (11.5)
85%
47%
22.3 (12.3)
84%
86%
564.8 (2379.7)
90%
81%
75%

43%
55.7 (12.9)
81%
41%
21.4 (14.2)
81%
62%
75.0 (45.1)
69%
57%
50%

years
Implemented management measures during
the past 10 years

65%

69%

80%

53%

marginal effects are estimated using the means of each explanatory variable for that sample subset.
5. Discussion
5.1. Comparing models
The models presented in Tables 4 and 5 examine four important dimensions of Norwegian family forest owners. Generally, the results of
the logistic regression analysis are quite consistent across the four
models. Several variables are signiﬁcant in most or all of the models,
and the signs of the coefﬁcients of the signiﬁcant variables are

consistent across all models. A couple of variables, however, are only
signiﬁcant in one or two of the models.
Comparing Model 1 and Model 2 shows that there is little difference between all respondents and those who are certain of their participation in a carbon program. The main difference is that the
amount of forestland owned is a marginally signiﬁcant predictor in
Model 1, but is not signiﬁcant in Model 2. Additionally, all the significant coefﬁcients have a greater magnitude in Model 2, meaning that
the variables have a greater impact on participation when looking
only at respondents certain of their participation. Overall, the comparison between these two models suggests that any potential hypothetical bias does not signiﬁcantly affect the predictors of

Table 4
Regression coefﬁcients and standard errors (in brackets) of factors inﬂuencing Norwegian family forest owner participation in carbon programs.
Variable

Description

Intercept
Carbon program characteristics
lnPAYMENT
Payment amount offered
YEARS
Contract length required
Forestland characteristics
lnHECTARES
Forestland owned
HARVEST
Harvested timber in the past
Landowner characteristics
MALE
Respondent is male
HIGHER.ED
Respondent has higher
education
TENURE
Length of ownership
RESIDE
Respondent resides on the
forestland
FAMILIARITY
Familiarity with carbon offsets
OTHER.INCOME Importance of non-timber
income
NON.MARKET
Importance of non-market forest
amenities
BARRIERS
Barriers posed by management
actions
CO2·COMP
Attitudes towards climate
change
Goodness-of-ﬁt statisticsa
Null deviance
1150.82
Residual
831.50
deviance
AIC
859.50
a

Model 1

Model 2

Model 3

Model 4

All respondents (n

Certain respondents (n

Large acreage landowners (N150

Small acreage landowners (≤150

= 831)

= 394)

ha) (n = 385)

ha) (n = 387)

0.4212

−2.3100

5.0047⁎

−0.5189

0.4442*** (0.0957)
−0.0049 (0.0054)

0.8477⁎⁎⁎ (0.1664)
−0.0111 (0.0093)

0.5187⁎⁎⁎ (0.1458)
−0.0110 (0.0085)

0.4346⁎⁎⁎ (0.1477)
−0.0080 (0.0084)

0.1600⁎ (0.0900)
−0.3299 (0.2603)

0.1652 (0.1575)
−0.5771 (0.4387)

0.0285 (0.2223)
−0.9869⁎⁎ (0.5001)

0.1815 (0.1770)
−0.1906 (0.3417)

−0.1692 (0.2530)
0.4841⁎⁎ (0.1881)

−0.0042 (0.4272)
0.7348⁎⁎ (0.3288)

−0.4291 (0.3913)
0.2199 (0.2937)

0.1447 (0.3957)
0.6367⁎⁎ (0.2893)

−0.0045 (0.0069)
−0.1714 (0.2520)

0.0104 (0.0124)
0.6058 (0.4246)

−0.0071 (0.0111)
−0.6496 (0.4082)

0.0004 (0.0104)
0.0240 (0.3763)

0.0064 (0.0925)
0.0315 (0.0728)

0.0108 (0.1541)
0.0000 (0.1164)

0.0101 (0.1500)
−0.0306 (0.1129)

0.0234 (0.1473)
0.0944 (0.1176)

−0.2603⁎⁎
(0.1233)
−1.4724⁎⁎⁎
(0.1398)
0.3890⁎⁎⁎ (0.1148)

−0.3835⁎ (0.2162)

−0.6040⁎⁎⁎ (0.2139)

−0.2788 (0.1979)

−1.9347⁎⁎⁎ (0.2383)

−2.0113⁎⁎⁎ (0.2585)

−1.5249⁎⁎⁎ (0.2081)

0.6836⁎⁎⁎ (0.1931)

0.4500⁎⁎ (0.1839)

0.4859⁎⁎⁎ (0.1705)

545.86
300.42

527.41
345.83

528.76
376.49

328.42

373.83

404.49

Goodness-of-ﬁt statistics were averaged across the multiply imputed datasets.
⁎⁎⁎ 1% signiﬁcance level.
⁎⁎ 5% signiﬁcance level.
⁎ 10% signiﬁcance level.
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Table 5
Marginal effects of factors inﬂuencing Norwegian family forest owner participation in carbon programs.
Variable

Description

Model 1

Model 2

Model 3

All respondents (n

Large acreage landowners (N150

Small acreage landowners (≤150

= 831)

Only certain respondents
(n = 394)

ha) (n = 385)

ha) (n = 387)

Carbon program characteristics
lnPAYMENT
Payment amount offered
YEARS
Contract length required

0.1102⁎⁎⁎
−0.0012

0.2117⁎⁎⁎
−0.0028

0.1249⁎⁎⁎
−0.0026

0.1026⁎⁎⁎
−0.0019

Forestland characteristics
lnHECTARES
Forestland owned
HARVEST
Harvested timber in the past

0.0397⁎
−0.0819

0.0412
−0.1441

0.0069
−0.2376⁎⁎

0.0428
−0.0450

−0.0420
0.1201⁎⁎

−0.0010
0.1835⁎⁎

−0.1033
0.0529

0.0342
0.1503⁎⁎

−0.0011
−0.0425

0.0026
0.1513

−0.0017
−0.1564

0.0001
0.0057

0.0016
0.0078

0.0027
0.0000

0.0024
−0.0074

0.0055
0.0223

Landowner characteristics
MALE
Respondent is male
HIGHER.ED
Respondent has higher
education
TENURE
Length of ownership
RESIDE
Respondent resides on the
forestland
FAMILIARITY
Familiarity with carbon offsets
OTHER.INCOME Importance of non-timber
income
NON.MARKET
Importance of non-market
forest amenities
Barriers posed by management
BARRIERS
actions
CO2·COMP
Attitudes towards climate
change

Model 4

−0.0646⁎⁎

−0.0957⁎

−0.1454⁎⁎⁎

−0.0658

−0.3654⁎⁎⁎

−0.4830⁎⁎⁎

−0.4842⁎⁎⁎

−0.3599⁎⁎⁎

0.0965⁎⁎⁎

0.1707⁎⁎⁎

0.1083⁎⁎

0.1147⁎⁎⁎

⁎⁎⁎ 1% signiﬁcance level.
⁎⁎ 5% signiﬁcance level.
⁎ 10% signiﬁcance level.

participation, but may have some effect on the estimated level of
family forest owner participation in a carbon offset program.
The coefﬁcient on forest size was only marginally signiﬁcant in
Model 1 and not signiﬁcant in Model 2, suggesting that there is not
much difference between large and small acreage landowners in
terms of their overall interest in participating in carbon programs. However, by comparing Model 3 and Model 4 it is clear that there are some
differences in the factors that inﬂuence interest in participation between the two groups. If a large acreage landowner has harvested timber in the past and greatly values non-market forest amenities, he or she
is signiﬁcantly less likely to participate. This is not true for small acreage
landowners, as these variables are insigniﬁcant in Model 4. On the other
hand, having higher education increases the probability of participation
for small acreage landowners but not large acreage landowners.
5.2. Unexpected ﬁndings
Several of the model variables were found to have a different effect
on participation than hypothesized. The required contract length was
not found to be signiﬁcant in any of the models, suggesting that Norwegian landowners are not particularly averse to long time commitments.
This contrasts earlier studies that have generally found that longer time
commitments have a signiﬁcant negative effect on participation in carbon programs and other incentive programs. A possible explanation for
this is that Norwegian landowners have longer planning horizons than
landowners in previous study areas. Most forest properties in Norway
are a part of a farm that has been passed down from generation to generation, and long-term considerations are of great importance to Norwegian forest owners (Nordic Family Forestry, 2015; Rognstad and
Steinset, 2011). Thus, Norwegian landowners may not be as concerned
about the implications of a time commitment on the possibility of selling the land in the future as landowners in other regions.
Another unexpected ﬁnding was that large acreage landowners who
had harvested timber for sale in the past were less likely to participate
than those who had not. Although the hypothesis was that landowners
who were already actively managing their land and selling timber
would be more willing to take the actions necessary to participate in

carbon programs, it appears that some groups of Norwegian landowners see carbon sequestration and timber production as conﬂicting
goals. This ﬁnding may be a result of the sample, which oversampled
large acreage landowners and has a high proportion of landowners actively harvesting timber.
The importance placed on non-market forest amenities also had an
effect opposite of what was hypothesized. It was expected that landowners who greatly valued non-market forest amenities to be more interested in managing for carbon, however, the results show the
opposite effect. This suggests that Norwegian landowners see carbon
management and the protection or enhancement of non-market amenities as competing objectives. This could be due to a view among Norwegian landowners that participation in carbon programs would require
intensive management and that non-market amenities are best
protected when the forest is left untouched.
In the recent public discussion in Norway, proposals to increase carbon sequestration in forests have focused on planting fast growing species, increasing stand density, and targeted fertilization (Norwegian
Ministry of the Environment, 2012). Landowners who greatly value
the non-market amenities on their forestland may be opposed to
these types of management actions, and are thus less interested in participating in a carbon program.
Additionally, several landowner characteristics were found not to be
signiﬁcant predictors of participation. Although landowners with a long
land tenure were not found to be signiﬁcantly less interested in participating as hypothesized, some other studies have also found length of
ownership to not inﬂuence participation in carbon programs (Fletcher
et al., 2009; Thompson and Hansen, 2012). Familiarity with managing
forests for carbon was also not found to be a signiﬁcant predictor of participation. While this was somewhat unexpected, Miller et al. (2012)
also found that familiarity with carbon offsets did not inﬂuence probability of participation. Finally, the importance placed on non-timber income from their forestland was not found to be a signiﬁcant variable. A
positive effect on participation was expected, however, the results suggest that Norwegian landowners may not view income from carbon offsets as an additional source of income in the same way as rent from
hunting, ﬁshing, or cabins, but rather as an alternative to timber income.
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5.3. Estimated participation
When Model 1 is evaluated at the sample mean for each explanatory
variable it predicts an overall level of participation of 46%. A payment
amount of 324 NOK (42 USD) per hectare per year would be required
to achieve 50% participation. Model 2, using only respondents that
were highly certain of their response, predicts an overall level of participation of 37%. In Model 2, a payment of 411 NOK (53 USD) per hectare
per year would be required to achieve 50% participation. Fig. 1 shows
the estimated participation at each of the four payment amounts offered
for Model 1 and Model 2. All other explanatory variables are held at
their mean values. Participation ranges from about 30% at the lowest
payment amount to about 57% for the highest payment amount in
Model 1, and from about 14% to 58% in Model 2.
The overall estimated participation is relatively high compared to
that found in earlier studies. Fletcher et al. (2009) estimated a participation rate of 5% at a payment of 15 USD/ac (37 USD/ha) per year and 33%
at a payment of 50 USD/ac (123 USD/ha) per year. Markowski-Lindsay
et al. (2011) estimated participation to be between 2% and 4% for a program with strict requirements and offering 10 USD/ac (25 USD/ha) per
year and between 36% and 38% for a program with lenient requirements
and offering 1000 USD/ac (2471 USD/ha) per year. Dickinson et al.
(2012) estimated participation to be about 7.5% for with strict requirements and offering 8 USD/ac per year (20 USD/ha) and 43% for a program with lenient requirements and offering 30 USD/ac (74 USD/ha).
These participation rates are all signiﬁcantly lower than those found in
this study. Miller et al. (2012) estimated that 18 USD/ac (44 USD/ha)
per year would be required to achieve a 50% participation rate using a
model with all respondents, and 28 USD/ac (69 USD/ha) for a model
using only certain respondents. These values are very similar to the
ones found in this study.
In addition to payment amount offered, perceived barriers and attitudes towards climate change were found to be the most signiﬁcant
predictors of participation. Respondents who view every potential measure they might be required to take as posing a “large barrier” (giving a
mean composite score of 5 on a 5-point rating scale), would only a participation rate of between 1% and 3% depending on the payment amount
offered. In contrast, respondents who view every potential measure as
posing “no barrier” (mean composite score of 1) would have a participation rate between 80% and 92%, clearly illustrating the highly signiﬁcant
effect perceived barriers has on participation.
The composite variable CO2·COMP, also has a signiﬁcant impact on
participation as well, although not as extreme as that of the variable BARRIERS. Respondents who “completely agree” with the statements that
humans have contributed to climate change, that forests can help mitigate
climate change, and that they own enough forestland for carbon sequestration efforts to be worthwhile (giving a mean composite score of 5 on a
5-point rating scale), have participation rates ranging from 44% to 70%

Fig. 1. Estimated participation by payment amount for Model 1 and Model 2.
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depending on the payment amount offered. In contrast, respondents
who “completely disagree” (mean composite score of 1) with the statements have estimated participation rates between 14% and 33%.
6. Conclusion
Family forestland in Norway has the potential to provide a signiﬁcant reduction in the country's net greenhouse emissions. However, if
a policy aimed at increasing carbon sequestration in these forests is to
be implemented, it is important to understand the factors that inﬂuence
whether landowners would be interested in participating.
The ﬁndings of this study suggest that there is a considerable amount
of interest among Norwegian family forest owners to participate in carbon programs, more so than has been found in earlier studies in other regions. In the sample, 48% of respondents indicated that they would be
interested in participating given the contract conditions they were offered. The actual level of participation in a carbon program would depend
greatly on the characteristics of the program, in particular the payment
amount offered and management actions landowners would need to
take in order to participate. Of these potential management actions, Norwegian landowners seem to be the most reluctant to fertilizing and
changing their harvesting practices. On the other hand, it does not appear
that long contract periods would signiﬁcantly discourage participation.
The results of the preceding analysis have important implications for
policymakers and others interested in developing carbon offset programs in Norway. If the goal is to generate substantial participation
and a resulting supply of carbon offsets, prices will need to be sufﬁciently high and a balance will need to be found such that contract requirements ensure that the program is effective and credible in establishing
additionality, while not imposing too great of a barrier to landowners.
In particular, policymakers may wish to allow for ﬂexibility in terms of
the silvicultural measures landowners can take to increase carbon sequestration on their land, while stricter requirements regarding certiﬁcation, management plans, and long contract lengths would likely not
be seen as signiﬁcant barriers for Norwegian landowners. This study
also found that the extent to which landowners believe humans are
contributing to climate change and that forestry can help mitigate climate change signiﬁcantly inﬂuences their interest in participating. Because this is such a strong motivating factor for participation, is
important that any carbon program is marketed to landowners in
terms of its ability to contribute to mitigating climate change.
It also appears that some Norwegian landowners see managing their
forest for carbon as conﬂicting with the goals of timber harvesting and/
or protecting non-market amenities, as both these variables had negative coefﬁcients in one or more of the models. If policymakers wish to
encourage participation in a potential carbon offset program, it will be
important to work with landowners to ﬁnd ways in which carbon management can be compatible with both these goals and market the carbon program to appeal to landowners who view these as important
objectives. There are various ways to increase carbon sequestration on
forestland depending on the existing forest conditions, and landowners
may see some of these as less conﬂicting with their management objectives than others. Once again, giving landowners some ﬂexibility in
terms of the management actions they can take as a part of the program
could encourage participation signiﬁcantly.
While the perception of barriers was an important predictor of participation, not much is known about why respondents viewed certain
management actions as barriers. These measures may pose a ﬁnancial
burden to the landowner, they may conﬂict with other management objectives, or they may have cited the measures as barriers out of protest
to the notion of participating in such a program. For this reason it is difﬁcult to know for certain how these perceived barriers can be overcome
and whether additional ﬁnancial or technical assistance would make
landowners more likely to participate. More research is needed to
fully understand how speciﬁc program requirements are perceived by
landowners and how programs can be designed to encourage
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participation. Additionally, more research is needed to better understand not only whether or not a landowner would be willing to participate, but also factors such as how intensively they would be willing to
implement management actions or how much of their forestland they
would be willing to enroll in the program.
This study contributes to the existing literature on family forest
owner interest in carbon programs by looking at a geographic area outside the United States, where all previous studies of this type have been
conducted. More studies from other regions are needed to fully understand the potential for carbon sequestration from family forestlands
and the factors that inﬂuence landowner participation. There is also a
need for comparisons between regions to better understand important
similarities and differences in landowner interest in carbon programs,
the factors driving those similarities and differences, and the implications for policymakers in the respective regions.
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