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ABSTRACT

Understanding how and why private forest owners manage their forests is the basis for efficient policy, and
improperly targeting forest owners can lead to inefficiencies. Furthermore, new markets for ecosystem services
have been proposed as a way to diversity private forest owner revenues and move forest management in a more
sustainable direction. Based on a survey of 220 French private forest owners, we perform a cluster analysis to
identify distinct groups of forest owners according to their stated behaviors. Owners were clustered based on
their rating of statements derived from existing profiles as well as their rating of the importance of new markets
and social recognition. We then test if our owner classifications are sufficient predictors of the valuation of a set
of ecosystem services, explicitly comparing an individual’s stated need for ecosystem services to their perceived
social demand. Our results confirm previously reported forest owner typologies of European forest owners, and
show that these typologies can meaningfully explain variation in ecosystem service demand. This is important as
the preservation and production of ecosystem services are increasingly important components of forest man-

agement and policy.

1. Introduction

Understanding how and why private forest owners manage their
forests is the basis for an efficient policy, particularly in the face of
climate change and future social demand. Indeed, forest resources can
be mobilized to pursue a variety of economic and non-economic pur-
poses (Garcia et al., 2018; Masiero et al., 2019; Zhang and Stenger,
2015), and improperly targeting forest owners can lead to inefficiencies
in forest policy (Malovrh et al., 2015). Take, for example, the imple-
mentation of a payments for ecosystem or environmental services (PES)
scheme. Using financial incentives to encourage forest owner enrollment
and compliance can be effective if forest owners are purely utilitarian
and profit maximizing (Persson and Alpizar, 2013). However, if forest
owners respond rather to social demand for environmental services,
then including them in the program will result in a negative selection
bias as they already provide what society demands (Engel et al., 2008;
Persson and Alpizar, 2013). Indeed, the presence of forest owners with
intrinsic motivations to provide socially demanded environmental ser-
vices may not only lead to self-selection bias but also crowding out, as
intrinsic motivations for providing environmental services may be
crowded out by payments (Engel et al., 2008; Karsenty et al., 2017; Rode

et al., 2015).

In this study, we characterize private forest owners according to their
stated individual demand for ecosystem services, and their perceptions
of society’s demand for the same set of ecosystem services. Forests
provide a wide range of services recognized by forest owners to benefit
individuals and society. These include, for example, provisioning of
timber, firewood, and harvest of other non-timber products, water
protection, carbon storage, and recreational activities such as hiking,
cycling, or fishing (Gatto et al., 2019). Some of these provide income (e.
g., timber) or direct utility like hunting on owned land, while others can
be considered as positive externalities that influence the utility of society
in general (e.g., clean air and water or climate mitigation). Furthermore,
the ecosystem service framework provides a multidimensional
perspective of forestry that aligns with French forest policy, where the
preservation and production of ecosystem services are important com-
ponents of forest management (Ambroise et al., 2022). This includes
habitat protection schemes proposed to owners with forests in
Natura2000 zones, though uptake has been relatively limited (Hily
et al., 2015).

New market mechanisms have been proposed to promote the pro-
visioning of ecosystem services by users of forests or forest products
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(consumers or firms). This includes joint forest owner-firm forest
restoration projects (Martel et al., 2015), the development of a certifi-
cation system for carbon storage projects (Grimault and Foucherot,
2019; Vallauri et al., 2021), i.e. the label Bas-Carbone, implementation
of the Forest Stewardship Council’s Ecosystem Services Procedure
(Forest Stewardship Council, 2021), which facilitates payment for
ecosystem services, or the organization of crowdfunding forest restora-
tion projects by intermediary firms like Reforest’ Action.' For the buyers
of forest ecosystem services or intermediary firms, it is important to
understand the sellers to better target individuals for new business op-
portunities or more sustainable management policies (Miina et al., 2023;
Muttilainen and Vilko, 2022; Rouleau et al., 2016).

The goals of this study are first to relate owner- and property-specific
characteristics to forest owner stated demand for a set of eight ecosystem
services, as well as (separately) their perceived social demand for those
services; second, to compare the associated variables of individual stated
demand and perceived social demand - a practice that has seldom been
done in the literature (Mann et al., 2022); and finally, to test whether
independently classifying forest owners by their stated management
practices contributes additional explanatory information to their de-
mand. To accomplish the last, we perform a cluster analysis to identify
distinct groups of forest owners (Deuffic et al., 2018; Favada et al., 2009;
Ficko and Boncina, 2013; Hill and Lewicki, 2006; Kuuluvainen et al.,
2014; Scrucca et al., 2016; Sotirov et al., 2015), and incorporate forest
owner cluster as an explanatory variable in our analysis. Specifically, we
apply the forest owner typologies or “meta-profiles” of Deuffic et al.
(2018) and Sotirov et al. (2015), which are grounded in the field of
political science to study the different factors that may alter forest owner
behavior. In particular, Deuffic et al. (2018) is quite broad, encom-
passing twenty case studies across ten countries. Forest owner typology
has long been used to sort behaviors and assess the diverse set of values
and beliefs held by forest owners (Boon et al., 2004; Ficko and Boncina,
2013; Ficko et al., 2019; Ingemarson et al., 2006; Karppinen, 1998;
Ross-Davis and Broussard, 2007; Sotirov et al., 2019; Sotirov et al.,
2015; Urquhart and Courtney, 2011). However, how much (if any) of
this information contributes to our understanding of how forest owners
value ecosystem services remains an open question. We hypothesize that
forest owner typologies can capture unobservable heterogeneities not
identified by standard socio-demographic variables, and explain mean-
ingful variation in private forest owners’ stated demand (and perceived
demand by society) for ecosystem services.

In the following section we describe our data collection and the
statistical methods applied to the analyse the data. We then briefly
present the results of the cluster analysis and characterize stated indi-
vidual demand and perceived social demand for forest ecosystem ser-
vices. The paper concludes with a discussion of the results and their
applications for forest policy.

2. Methods
2.1. Study area

Our study was conducted in the Grand-Est region of France, which
represents 12% of the forested area in the country (1.9 million ha). The
region is the second largest with respect to harvested timber volume,
with 7 million m® harvested in 2016 (DRAAF Grand-Est, 2018). Therein,
the wood industry employs a total of 45,810 individuals and 11,420
companies, generating 2.7 billion euros added across all sectors in 2015
(Batto and Eichwald, 2019). Private forest owners hold 44% of the
forested area in the Grand-Est (DRAAF Grand-Est, 2018), which is
mainly composed of broadleaves (oak, common hornbeam, common
beech), except in the Vosges mountains where coniferous tree species
are common.

1 www.reforestaction.com.
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2.2. Survey design and implementation

The data are from a Web-based survey targeting private forest
owners. The questionnaire was developed in collaboration with local
stakeholders, in particular members of the French private forest exten-
sion service, the Centre Régional de la Propritété Forestiere (CRPF). All
property owners in our sample were private forest owners whose
properties were located in the Grand-Est, though their residence may be
outside the Grand-Est. Each belonged to the “Merlin” database, a CRPF
database that registers owners with a sustainable management docu-
ment. These include the Regulated Management Plan (Reglement Type de
Gestion or RTG) and the Simple Management Plan (Plan Simple de Gestion
or PSG). The RTG is a tool corresponding to the Code of Good Silvicul-
ture Practices (Le Code des Bonne Pratiques Syvicoles or CBPS), which is a
technical forest management guide whose certification targets forest
owners with less than 25 ha and involves a voluntary engagement of 10
years with some fiscal advantages. The RTG applies only to forests that
are part of a cooperative or are managed by a forest expert. The PSG is a
forest management plan and is mandatory for forests larger than 25 ha.

The questionnaire was administered with the Lime survey software
on the INRAE survey platform. The questionnaire was first sent to a pilot
sample of 100 people for testing. The invitation was then sent to the 784
remaining forest owners in our sample. The questionnaire was online
from 23 April to 25 May 2020. After 27 days, a reminder was sent to all
of the people on the initial mailing list, and 40 more owners responded
afterward. On average, it took 26 minutes for respondents to complete
the questionnaire. A total of 108 people started but did not finish the
questionnaire. The number of completed questionnaires useable for our
analyses was 220, giving us a response rate of 25%. This response rate is
notably higher than previous surveys in France.” French forest owners
are notoriously difficult to survey, with previous analyses reporting
response rates of 3.5% in a postal survey Petucco et al. (2015) and 14%
in Gadaud and Rambonilaza (2010). These low response rates are often
attributed to the fact that many French forest owners own small prop-
erties and either do not engage in or engage in only limited forest
management (Table S6, Supplemental Material C). However, we can
also observe low response rates in Sweden, where typically forest
owners possess larger properties. See, for example, response rates of
11.5% in surveys by Ouvrard et al. (2019) and Degnet et al. (2022).

2.3. Survey questions

The questionnaire included four sections. The first consisted of
questions intended to identify forest owners’ perceptions of their man-
agement practices based on their agreement with the forest owner ty-
pologies of Deuffic et al. (2018) (Table 1; Table S2, Supplemental
Material C). We took the questions from Deuffic et al. (2018) and Sotirov
et al. (2015) as inspiration when designing the questionnaire, inten-
tionally using rather specific profile statements to emphasize the adhe-
sion to or rejection of those statements. In addition, we also asked
owners about their openness to new innovations and markets, and their
desire for public recognition for their commitment to forest manage-
ment. Respondents were asked to rate their agreement to each question
on a 5-point Likert scale, ranging from strongly disagree to neutral to
strongly agree.

Next, we asked forest owners to assess the demand for ecosystem
services normally provided by French forests, both from their own

2 We attribute our success to three factors. First, we took advantage of the
Covid-19 confinement in France, sending the questionnaire during a lock-down
when owners might have more time to answer. Second, we organized a lottery
in partnership with a local forest equipment company to stimulate responses, i.
e., 14 gift cards with a value between 25 and 200 euros. Finally, the invitation
was issued via the CRPF, a channel of dissemination that the forest owners
knew and trusted.
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Table 1
Summary statistics of forest owner profile statements and ecosystem service
demand.

Forest owner profile statement Mean St.
(response variable name) (median) Dev.

1 am attentive to the expectations of 3.87 (4) 1.03
the industry (Industry).

The actions I could take in my forests
will not make any significant
difference in terms of outcomes (No
effect).

I am an independent producer of
wood (fuel and/or timber) and I
look after my forest in the same
way as my predecessors
(Independent).

2.66 (3) 1.38

3.24 (3) 1.4

My role is to promote biodiversity or 3.1 (3) 1.41
other amenities; wood production
is only a secondary objective
(Biodiversity).

I want people to know about the work  3.84 (4) 1.13

1 do in the forest and/or my
commitment (Social recognition).

I am open to innovations and new
markets (New markets).

4.34 (5) 0.84

Individual need Perceived social

demand
Ecosystem service Mean St. Mean St.
(median) Dev. (median) Dev.
Air and water purification 4.15 (5) 1.10 4.06 (4) 1.13
Beauty of the landscape 3.81 (4) 1.25 3.70 (4) 1.23
Climate change mitigation (e.g., 4.11 (5) 1.15 4.09 (4) 1.14
carbon sequestration)
Cultural heritage 3.70 (4) 1.35 2.96 (3) 1.59
Gathering of non-timber forest 2.92 (3) 1.41 2.96 (3) 1.26
products (berries, mushrooms,
meat)
Providing habitat for wild plants and 3.92 (4) 1.17 3.71 (4) 1.24

animals useful to us
Recreational activities
Timber production

2.27 (2) 1.44
4.18 (5) 1.11

3.21 (3) 1.50
3.61 (49 1.17

perspective and what they believed that society demands. We used the
classification of ecosystem services according to the Common Interna-
tional Classification of Ecosystem Services.” We selected eight ecosystem
services based on initial consultations with stakeholders: the gathering
of non-ligneous (non-timber forest) products, habitat for wild plants and
animals useful to humans, climate change mitigation, air and water
purification, cultural heritage, beauty of the landscape, recreational
activities, and timber production. It has already been shown that forest
owners’ preferences for supplying ecosystem services depend on the
service in question (Miiller et al., 2020). In our case, we contrasted if
forest owners assess their needs for ecosystem service provisioning
differently than those perceived from society. More specifically, we
asked forest owners, with reference to their own forest, to rate the need
of each ecosystem service on a scale from 0 (no need) to 5 (an essential
need). Similarly, forest owners were asked to rate society’s demand for
each ecosystem service from 0 (no demand) to 5 (a large demand).
Thirdly, forest owners were asked about their current management.
This included if and who harvested timber on the property (family
member, non-family/professional individual, logging operator), who is
involved in making management decisions (solely the owner or if s/he is
aided by a family member, non-family member/professional individual,
expert, technician, logging contractor, or a cooperative), and if the
property is certified as having a “code of good silviculture practices”

3 https://cices.eu.
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(CBPS)* or Program for the Endorsement of Forest Certification (PEFC).

The final section identified the demographics and property-specific
characteristics of forest owners, including owner age and gender, level
of education, occupation, if the owner was the first forest owner in their
family, how the property was acquired (purchased, inherited, or con-
verted from agricultural land), and if the owner was involved in a forest
network or program (such as Natura 2000, forest charter, or a rural
development programs). In terms of forest-specific characteristics, we
asked the size of the property, the number of plots, and the number of
years owned.

For a detailed presentation of the survey in its entirety, see Josset
et al. (2021). A translation of our questionnaire can be found in Sup-
plemental Material A. Summary statistics for all survey variables can be
found in Tables 1 and 2. Tables of their correlation coefficients can be
found in Tables S3-S5 in Supplemental Material C. In an effort to be clear
and transparent, note that our sample is likely to not be representative of
the general Grand-Est population. For comparison, we present available

Table 2

Summary statistics of socio-demographic and property-specific variables.
Explanatory variable Type Frequency
Forest owner age* categorical
30-45 years 29
46-60 years 51
61-75 years 120
> 75 years 20
Education categorical
Less than a high school diploma 77
High school 23
Associate’s or Bachelor’s degree 33
Advanced degree 81
Employment" categorical
Employed 90
Retired 129
Size of the property categorical
0-4 ha 41
5-10 ha 32
11-25 ha 48
25-100 ha 61
> 100 ha 38
Number of plots owned categorical
1 plot 48
2 plots 27
3 plots 23
> 3 plots 122
Number of years owned categorical
< 5 years 22
5-9 years 66
10-20 years 38
> 20 years 94
Acquisition® binary
Purchased 149
Purchased as part of a forestry group 18
Converted plantation 46
Inherited 132
By donation 23
Management plan in place binary 180
Conservation or forest certification program binary 119

* Age was originally coded with a “< 29 years” category. However, as we only
had 1 observation, we merged this with the “30-45 years” category.

A single individual reported to “never had worked”. This observation was
dropped from the analysis.

P A forest owner may have acquired the forest in more than one way. Therefore,
they were given the option to choose multiple answers to they acquired their
forest.

4 Le Code des Bonnes Pratiques Sylvicoles (CBPS) is a technical forest man-
agement guide. Certification targets forest owners with less than 25 ha and
involves a voluntary engagement of 10 years with some fiscal advantages.
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regional and national forest owner statistics in Table S6 in Supplemental
Material C. Our sample is characterized by retired male forest owners
aged 61-75 years old with larger properties, who have owned their
property for greater than twenty years, and engage in more active
management than the general population in the region (Agreste, 2012).
France, in general, contains a large number of forest owners with small
properties — there are more than two million forest owners with less than
one hectare of forest (Le Jeannic et al., 2015) — who possess few plots
and have owned their property for a greater than an extended period of
time (>20 years). Forest owners in the Grand-Est are characterized by an
even older population than our sample, and almost four times as many
owners with small properties. However, we do feel that our sample is a
relevant demographic for French forest policy. We believe that this
population more actively manages their forest than the average forest
owner, and — as owners in the Merlin database have already had contact
with the CRPF - engaging them presents an opportunity to increase the
survey response rate and initiate follow-up discussions. Therefore, when
interpreting our results, keep in mind that our study considers a small
subsample of the population that, while not necessarily representative of
the average private forest owner, actively manages their forest and may
be more responsive to policy than the typical forest owner.

2.4. Statistical analysis

First, we grouped forest owners based on their agreement with the
forest owner profiles defined by Deuffic et al. (2018) (Table 1; Table S2,
Supplemental Material C). To do so, we performed a cluster analysis
using a finite mixture model (Fraley and Raftery, 2002; Hill and Lewicki,
2006; Scrucca et al., 2016), which is based only on the degree of
self-identification with the forest owner profile questions independent
from the socio-economic data. It estimates the probability of individual
forest owners belonging to one or more groups (e.g., “soft clustering” or
the idea that forest owners can simultaneously below to more than one
group). We assume that owners belong to the group that has the highest
probability of membership.®

We tested a suite of possible formulations and number of clusters,
using Bayesian Information Criteria (BIC) and integrated complete-data
likelihood (ICL) criteria to choose the best-fit cluster distribution and
number of clusters. For an illustration of the method to group forest
owners, we would direct the reader to Ficko and Boncina (2013). The
cluster analysis was conducted in R 3.6.1 using the ‘mclust’ package. A
detailed description of the cluster analysis can be found in Supplemental
Material B.

We then characterized forest owners’ individual stated demand for
ecosystem services and their perception of society’s demand (separately)
by their demographic and forest-specific factors. That is, we tried to
understand what socio-demographic and forest-specific characteristics
explain the weight that forest owners place on their individual needs for
ecosystem services and perceived needs by society. Additionally, we
tested the hypothesis that the owner classifications proposed by Deuffic
et al. (2018) and Sotirov et al. (2015) are meaningful predictors of in-
dividual and societal needs for ecosystem services. In theory, each forest
owner cluster captures unobservable information about owner behavior
that is at least partly exogenous to their socio-demographic and
forest-specific characteristics. Therefore, it could be a useful tool for
explaining variation in the need for ecosystem services (among other
stated preferences).

5 Soft clustering has an advantage over “hard clustering” in that we do not
make the strict assumption that forest owners can only belong to a single group.
However, by assuming that an owner belongs to the group with the highest
probability of membership, our method of soft clustering essentially functions
as a hard clustering method. Our approach will be particularly advantageous in
future studies where one explicitly considers forest owner uncertainty to
participation in each group, which is discussed in more detail in the Discussion.
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Specifically, we estimated statistical models on two sets of dependent
variables: an individual’s stated need for one of our eight ecosystem
services separately, and their perceived social demand for those services.
Our independent variables were the same for all analyses, and included
forest owner age, education, employment status, size of the property,
number of plots owned, number of years owned, how the property was
acquired, whether a management plan was in place, whether the prop-
erty was enrolled in a conservation or forest certification program, and
the forest owner cluster.

Responses to the ecosystem services questions are clearly ordered.
That is, there is an intrinsic scaling or natural ordering of preferences
within the responses (e.g., “not needed” is less than “moderately
needed”, which is less than “very needed”). To account for this natural
ordering of the data, we estimated an ordered logistic model of the form,

Pr(y; = 1|X;) = Pr(e; < uy — fX))
Pr(y; = 2|X;) = Pr(e; < up — BX;) — Pr(e; < uy — pX)) @

Pr(y; = r|X;) =Pr(e; < u, - BX)) —Pr(e; <u,y — fX)

where y;; is the probability of a ranked response of r = 1,2, ..., 5 for each
individual i and ecosystem service j. Each respondent can be thought of
as having some level of utility or opinion associated with each ecosystem
service, with the reported ranking of the response increasing as the
utility or strength of opinion gained increases past a certain threshold or
cutoff (Greene and Hensher, 2010; Train, 2009). The vector f is a vector
of regression coefficients to be estimated, Xj is a matrix of our inde-
pendent variables (socio-demographic and forest-specific characteris-
tics, owner cluster), and ¢; is the error term. The thresholds or cutoffs u,
mark the transitions from one alternative to another and are estimated
in the model.

In the context of forestry, ordered logit models have been used to
study owner willingness to harvest (Aguilar et al., 2014; Gruchy et al.,
2012), risk aversion (Andersson, 2012), the probability of enrollment in
carbon sequestration programs (Dickinson et al., 2012), and reasons for
owning forest (Shanafelt et al., 2022), among others. We would direct
the reader to Cameron and Trivedi (2005), Train (2009), and Greene and
Hensher (2010) for detailed discussions on this type of model. All
models were estimated in R 3.6.2 using the method of maximum like-
lihood with the ‘ordinal’ package.

3. Results

It is worth reiterating that, when interpreting our results, our sample
is likely not representative of the general population of forest owners in
the Grand-Est, nor all of France (see the Methods section for details). Our
study represents a fairly small subset of all forest owners who, given
their inclusion in the Merlin database, are likely active managers of their
forests and more responsive to public policy than the typical French
private forest owner.

3.1. Forest owner profiles and clustering

Profile statements that elicited the highest median scores were: “I am
attentive to the expectations of the industry”; “I am open to innovations
and new markets”; and “I want people to know about the work I do in my
forest and/or my involvement”. In contrast, people tended to disagree
with the notion that their actions would not make significant differences
in terms of outcomes. We find the greatest amount of variation between
forest owner responses regarding the effects of owner behavior on out-
comes, the independence of the forest owner as a wood producer, the
priority of biodiversity and other amenities over wood production.

Our analysis identified five clusters according to Bayesian Informa-
tion Criterion (BIC) and integrated complete-data likelihood (ICL)
model-fit criteria. Specifically, the clustering algorithm selected a
Gaussian finite mixture model with so-called VEI parameterization for
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the within-group covariance structure (diagonal distribution, variable
volume, and equal shape) (Scrucca et al., 2016). A comparison of
different model formulations (alternative covariance specifications) and
numbers of clusters is presented in Fig. S1 (Supplemental Material C).
Following Deuffic et al. (2018), we categorize each of our clusters as:

“Passives” (kj). Like the name implies, passives do not think that
their actions impact forest outcomes, nor do they see themselves as
independent wood producers (though they do prioritize biodiversity
and other amenities over wood production). In comparison to the full
sample, they are less attentive to the expectations of the industry,

Table 3
Order logit results for an individual’s value for ecosystem services.
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and less interested in social recognition or access to new markets. (37
individuals)

“Environmentalists” (ky). Environmentalists declare that biodi-
versity and other amenities are more important than wood produc-
tion, and that their actions have an impact in terms of outcomes.
However, they still ask for social recognition, follow the expectations
of the industry, and are interested in new markets and innovations.
(60 individuals)

“Optimizers” (k3). Individuals here consider industry expectations
and wood production as important, and consequently place the least
importance to biodiversity and other amenities compared to the

Ecosystem service

Explanatory variable CAW CLIM CUL HAB LAND NTFP REC TIM
Owner age
46 to 60 years | <45 years -0.85 -054 -035 -121 -0.68 -0.85 -0.02 -0.08
61 to 75 years | < 45 years -0.23  -027  0.08 -0.62 0.10 -0.51 0.09 0.07
> 75 years | < 45 years -0.21  -0.17 0.80 = -1.57 0.23 -0.72  -0.09 0.32
Education
High school | < high school 1.09 1.16 0.02 0.76 0.85 070  -0.23  -0.92
University degree | < high school -0.41 -036 -0.07 -0.01 -0.41 -0.90 041 0.02
Advanced degree | < high school -0.15 0.28 -0.37  -0.56 -034 -0.19 0.10 0.24
Retired | Employed -1.08 -047 -0.69 -0.66 @ -140 -0.89 020 -0.02
Forest size
5to10ha|<5ha 0.71 0.07  -0.65 0.43 -0.42 057 -126 -1.93
I1to25ha|<5ha 0.77 0.68 0.01 0.59 0.51 1.01 -0.12  -0.66
26 to 100 ha| <5 ha 0.12 028  -0.07 0.40 0.54 050  -0.67 -0.58
>100 ha| <5 ha 0.78 1.09 -0.37 0.61 0.24 1.00 -096 -1.38
Number of plots
2 plots | 1 plot 0.24 024  -0.07 0.18 0.22 0.60 -0.33  -1.08
3 plots | 1 plot 1.15 0.62 0.19 0.72 0.84 0.19 082  -0.60
>3 plots | 1 plot -0.67 -049 -0.54 -0.16 = -0.70 0.18 -029 -0.28
Years owned
5t0 9 years | <5 years 0.26 0.43 1.18 0.38 0.30 -0.09  -0.08 = 1.59
10 to 20 years | <5 years 0.36 0.78 0.95 0.72 0.64 -0.43  -0.49 1.25
> 20 years | <5 years 0.82 0.73 1.56 0.70 0.59 0.20 -0.38 1.80
Acquisition type
Purchase -0.27  -052 -049 -0.68 -0.14 0.03 030 -0.52
Group purchase -0.08 -0.29 -033 0.29 -0.16  -0.40 0.08 -0.59
Donation 020  -0.03 0.06 0.24 -0.60 -046 -032 -0.73
Conversion from agriculture 0.64 -0.33 -0.06 -0.04 0.51 020  -0.55  0.09
Inherited 034 -0.18 | 0.61 -0.37 0.65 0.10 -0.19 = -091
Management plan 0.03 -0.47 0.03 -040 -0.01 -0.02  -0.19  -0.09
Certification 0.01 052 -042 022 -0.16 0.08 -0.19 = 0.62

Forest owner clusters

Passives | Traditionalists -1.60  -1.89  -0.95
Environmentalists | Traditionalists -1.01  -121 -042
Optimizers | Traditionalists -1.01  -0.58 -0.87
Satisfiers | Traditionalists -1.79  -1.72  -0.92

Threshold coefficients

01 -7.14  -6.57 -4.68
12 -5.48 585  -3.29
213 391 -382 -2.36
314 -2.80 281 -1.26
45 -1.35 -154  -0.05

-0.92 -0.05 -0.62 -0.48 -2.56
-0.25 0.07 -0.71 033 -0.72
-0.17  -0.59  -1.10 -026 024
-1.16  -0.41 -0.70  0.11 = -1.49

-6.37  -5.64 -425 -3.15 -7.13
-5.37 3795 279 -192 -6.55
-419  -2.55  -155  -0.70 -4.68
-2.78  -138 -027 061  -3.06
-1.28 0.05 0.86 1.50  -1.65

The reference level for factor variables is given by the “|” symbol. Ecosystem services are air and water purification (“CAW™), climate regulation mitigation (“CLIM”),
cultural heritage (“CUL™), habitat (“HAB”), landscape beauty (“LAND”), non-timber forest products (“NTFP™), recreation (“REC”), and timber (“TIM”). Statistically-
significant variables at the ten percent level are highlighted in blue (if positively associated), red (if negatively associated), and grey (constants or intercepts).
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average. While they do not see themselves as an independent or
traditional wood producer, they are the most optimistic in terms of
the impact of their management on outcomes. Optimizers seek
greater social recognition than the mean, and are interested in new
markets. (27 individuals)

“Traditionalists” (k4). Traditionalists place the most emphasis on
their predecessor’s practices compared to the sample mean, while
valuing social recognition. (31 individuals)

“Satisfiers” (ks). Forest owners in this category are less interested in
new markets than the sample average, see themselves as indepen-
dent, and do not ask for social recognition at the same level as other

Table 4
Order logit results for the perceived social demand for ecosystem services.
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clusters. Additionally, they are less convinced that their forest
management has an impact on the state of the forest. (66 individuals)

A visual representation of the clusters can be found in Fig. S2 in
Supplemental Material C. Table S7 gives the contributions of each axis in
the clustering algorithm. Table S8 in Supplemental Material C presents
the means and standard deviations of the forest owner profile questions
by cluster. Overall, the results of our cluster analysis overlap with what
we would expect from the correlations between the forest owner profile
statements (Table S4, Supplemental Material C).

Our cluster analysis is in general agreement with the forest owner
profiles found by Deuffic et al. (2018). While they identified four clusters

Ecosystem service

Explanatory variable CAW CLIM CUL HAB LAND NTFP REC TIM
Owner age
46 to 60 years | < 45 years -0.87 -0.33 047 -1.06 -0.59 -1.21 -0.81 0.08
61 to 75 years | < 45 years -0.02 -0.15 0.10 -0.56 0.10 -0.76 0.08 -0.44
> 75 years | < 45 years -0.20 0.32 0.52 -1.38 -0.24 -1.11 072 -0.18
Education
High school | < high school 0.43 0.50 0.22 0.75 0.84 0.64 054 043
University degree | < high school -0.26 -0.21 027 -0.04 -0.04 -0.13 0.54 -0.51
Advanced degree | < high school 0.09 0.19 028 028 0.33 -0.01 0.41 0.09
Retired | Employed -0.91 -0.55 055 057 -0.87 055 .12 0.71
Forest size
5to 10 ha | <5 ha 1.17 1.10 -0.65 0.72 0.01 0.35 0.39 -0.80
11to 25 ha | <5 ha 0.82 0.79 -0.19 0.59 0.44 0.67 0.35 -0.81
26 to 100 ha | < 5 ha 0.23 0.46 -0.10 0.31 0.68 0.53 0.65 -0.48
> 100 ha | < 5 ha 1.13 1.13 -0.32 0.69 0.47 0.39 -0.03 093
Number of plots
2 plots | 1 plot -0.52 -0.40 0.17 -0.52 -0.50 069 062 017
3 plots | 1 plot -0.01 -0.04 0.36 0.07 0.10 -0.48 1.14 -0.13
> 3 plots | 1 plot -0.36 -0.27 0.02 -0.26 -0.44 054 024 008
Years owned
5 to 9 years | < 5 years -0.51 0.16 0.02 -0.01 -0.40 -0.72 0.01 0.39
10 to 20 years | < 5 years 0.27 0.23 0.00 0.15 0.43 -0.76 0.11 -0.15
> 20 years | < 5 years -0.01 0.23 0.34 0.32 0.11 -0.26 -0.07 0.35
Acquisition type
Purchase 0.01 -0.34 -0.06 0.09 -0.29 0.12 0.08 0.05
Group purchase -0.05 -0.16 -0.36 0.34 0.21 0.63 -0.33 0.88
Donation -0.60 -0.22 -0.07 -0.11 -0.81 -0.71 028 -0.41
Conversion from agriculture 0.96 0.21 0.25 0.16 0.81 0.64 0.88 0.06
Inherited 0.77 0.22 0.58 0.09 0.90 0.57 0.49 -0.56
Management plan 0.45 0.73 0.29 0.53 0.48 0.43 0.49 -0.11
Certification 0.57 0.28 -0.61 0.04 -0.04 -0.08 0.12 -0.27

Forest owner clusters

Passives | Traditionalists 103 433 -0.13
Environmentalists | Traditionalists -0.52 -0.82 -0.38
Optimizers | Traditionalists -0.78 -0.71 -0.54
Satisfiers | Traditionalists -0.89 -1.73 -0.49

Threshold coefficients

0|1 560 464 346
12 377 862 -1.85
2[3 228 281 -1.08
3l4 112 .41 018
4|5 0.30 0.02 0.77

05 019 016 -051 053
0.16 067 044 027 031
-1.11 098 076 032 012
-1.03 078 038 028 -0.70

—5.51 474 505 290 6.12
355 346 320 -1.68 435
247 188 -1.79 081 314
-1.07 074 034 055  -1.58
0.16 0.91 1.18 163 017

The reference level for factor variables is given by the “|” symbol. Ecosystem services are air and water purification (“CAW™), climate regulation mitigation (“CLIM”),
cultural heritage (“CUL™), habitat (“HAB”), landscape beauty (“LAND”), non-timber forest products (“NTFP™), recreation (“REC”), and timber (“TIM”). Statistically-
significant variables at the ten percent level are highlighted in blue (if positively associated), red (if negatively associated), and grey (constants or intercepts).
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(excluding their ‘multifunctionality’ group), our ‘satisfiers’ group cor-
responds to a sub-profile of their ‘traditionalists’ cluster, confirming that
it is indeed possible to reproduce the profiles of Sotirov et al. (2015) and
Deuffic et al. (2018) for France.

3.2. Attitude toward ecosystem services

Tables 3 and 4 present the estimation results of the ordered logit
models, assessing whether an individual’s cluster can explain an in-
dividual’s value for an ecosystem service (or their perceived perception
of society’s demand), controlling for socio-demographic and forest-
specific factors, and forest owner clusters. Tables of the raw results
including the standard deviations and p-values can be found in Sup-
plemental Material C. For the cluster factor variables, we use the
“Traditionalist” cluster as the reference base. Recall that we define a
variable as statistically-significant at the ten percent level.

We find general agreement between an individual’s value for
ecosystem services and their perceived demand by society. That is, if a
variable is statistically significant in both data sets, it has the same sign
for that association. For example, compared to its baseline, forest owner
age is negatively associated with clean air and water (CAW) from an
individual’s perspective and from the perceived perspective of society.
However, with the exception of property acquisition, we find noticeably
more statistically-significant associations with an individual’s
ecosystem service value dataset.

Specifically, we find that forest owner age is negatively associated
with clean air and water (CAW), habitat (HAB), and non-timber forest
products (NTFP) for both individuals and society, and negatively asso-
ciated with recreation (REC) by society only. (It was not statistically-
significant for individual demand for recreation.) For an individual’s
values, education is positively associated with climate regulation (CLIM)
and landscape beauty (LAND), and negatively associated with HAB,
NTFP, and timber production (TIM). Education was positively associ-
ated with perceived social valuation for LAND. Relative to being
employed, retirement is negatively associated with an individual’s value
for CAW, LAND, and NTFP, and society’s perceived demand for CAW,
LAND, and REC.

For the individual, forest property size is positively associated with
CLIM and NTFP, and negatively associated with REC and TIM. In
contrast, for society, it is positively associated with CAW and CLIM, and
negatively associated with TIM. The number of plots is negatively
associated with LAND and TIM for the individual, and positively asso-
ciated with REC for perceived societal demand. What is particularly
interesting is that we see a quantitative break in the value of CAW for the
individual. That is, owning three plots is negatively associated with
CAW, but owning greater than three plots is positively associated. The
number of years owned is positively associated with an individual’s
demand for cultural heritage (CUL) and TIM. It is not associated with
any ecosystem service values for society.

Acquisition via purchase is negatively associated with an in-
dividual’s value of HAB, and inheriting a property is positively associ-
ated with CUL and LAND and negatively associated with TIM. In terms of
statistical significance, property acquisition well explains the perceived
social demand for ecosystem services. Purchasing as a group is positively
associated with TIM. By donation is negatively associated with LAND.
Converting the property from agriculture is positively associated with
CAW, LAND, NTFP, and REC. Finally, inheriting the property is posi-
tively associated with CAW, CUL, LAND, and NTFP, and negatively
associated with TIM. Having a management plan in place or a forest
certification showed no statistically-significant relationships with any
individual’s value for ecosystem services, except for a positive associa-
tion between forest certification and TIM. However, for the perceived
social demand, a management plan was positively associated with CLIM,
and forest certification was positively associated with CAW and nega-
tively associated with CUL.

Notably, our forest owner clusters are often statistically significant
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explanatory variables of both an individual’s value and the perceived
social demand for an ecosystem service. That is, they meaningfully
contribute to explaining the variance in the data more than an analysis
with just the socio-demographic variables alone (otherwise they would
not be significant at all). Indeed, repeating the analysis without the
clusters and evaluating model fit via pseudo log-likelihood and AIC
criteria (which penalize extra parameters) confirms this claim.
Compared to the baseline “Traditionalist” cluster, the “Passive” cluster is
negatively associated with an individual’s value for CAW, CLIM, CUL,
HAB, and TIM; the “Environmentalists” cluster is negatively associated
with CAW and CLIM; the “Optimizers” is negatively associated with
NTFP; and the “Satisfiers” cluster is negatively associated with CAW,
CLIM, CUL, HAB, and TIM. In terms of perceived social demand, the
“Passives” cluster is negatively associated with CAW and CLIM; the
“Optimizers” cluster is negatively associated with HAB and LAND; and
the “Satisfiers” cluster is negatively associated with CAW, CLIM, HAB,
and LAND. By calculating the marginal effects of our estimates, we can
compare the magnitudes the associations of each cluster. The marginal
effects for the clusters are presented in Table 5. What is particularly
interesting is that all of the forest owner clusters — which again are based
on statements of behavior — report lower demand for ecosystem services,
individually and from society, than the traditionalist group. Similarly,
differences in the magnitudes of the marginal effects, between clusters
as well as individual demand versus societal, lead to interesting policy
implications which will be discussed in the next section.

4. Discussion

Overall, we found that fewer variables were statistically significant
in the analysis of perceived demand by society than the individual,
suggesting that the demand from society does not depend on the forest
owner but is more of an objective, exogenous factor on which forest
owners largely agree on. That being said, we did find overlap between an
individual’s value of ecosystem services and those that they perceived to
be demanded by society. We could interpret this trend as an indicator
that, for our sample, forest owners are not so different from the general
population in how they value ecosystem services provided by forests.
Another interpretation is that respondents are justifying themselves by
answering that society has the same demand as themselves. The latter
interpretation is supported by the fact that effects of cluster membership
are similar between forest owners’ stated needs and their perceived
demands by society. Indeed, statistically-significant correlations be-
tween an individual’s value for ecosystem services and their perceived
social demand are all positive (Table S5, Supplemental Material C). In a
recent study, Mann et al. (2022) surveyed forest owners across Europe
about their individual supply of ecosystem services and perceived de-
mand for those services by society. They found a similar positive cor-
relation between stated supply and perceived demand. It could be
fruitful to ask if forest owners believe that their management for
ecosystem services meets their perceived social demand for it, explicitly
comparing stated supply with observed forest management practices.

In terms of the factors explaining how forest owners assess ecosystem
services, our findings regarding an individual’s value and perceived
social value for ecosystem services are consistent with the overall
literature (Amacher et al., 2003; Beach et al., 2005; Silver et al., 2015).
Rather than walk through each variable point-by-point, we find that it is
more efficient to highlight some of the key findings. We find that the way
forest is acquired is important for owner perceptions of ecosystem ser-
vices. If a forest is purchased, owners were less concerned about
providing habitats; if inherited, cultural heritage and landscape beauty
were important while timber was less important. This is in line with a
recent study by Shanafelt et al. (2022), who showed that how a forest
property was acquired mattered in determining private family forest
owners’ reasons for owning. They speculated that landowners who
purchased property did so to acquire their property for specific reasons
or values, which is in contrast to those who are given land as inheritance
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Table 5
Marginal effects of forest owner clusters for ecosystem services.
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Ecosystem service

Explanatory variable CAW CLIM CUL HAB LAND NTFP REC TIM
Individual’s need for services

Passives | Traditionalists -0.098 -0.129 -0.048 -0.045 -0.191
Environmentalists | Traditionalists -0.053 -0.071

Optimizers | Traditionalists -0.006

Satisfiers | Traditionalists -0.115 -0.114 -0.047 -0.062 -0.089
Perceived social demand

Passives | Traditionalists -0.061 -0.081

Environmentalists | Traditionalists

Optimizers | Traditionalists -0.043 -0.038

Satisfiers | Traditionalists -0.051 -0.111 -0.039 -0.028

We present only statistically-significant variables at the ten percent level. The reference level for factor variables is given by the “|” symbol. Ecosystem services are air
and water purification (“CAW”), climate regulation mitigation (“CLIM”), cultural heritage (“CUL”), habitat (“HAB™), landscape beauty (“LAND™), non-timber forest

products (“NTFP”), recreation (“REC”), and timber (“TIM”)

or as a gift, who may be more indifferent to specific types of benefits. If
the forest was owned for a long period of time, provision of timber was
considered important. This may be linked to the long-time horizons of
forest investment, though see Bolkesjo et al. (2007) and Kuuluvainen
et al. (2014), who find no statistically-significant effect of ownership
length on timber supply. Effects of education level were mixed. While
we found that having a high school degree relative to no degree
increased the value of provision of climate and landscape services all
else equal, we found that owners with an advanced degree valued less
the provision of wildlife habitat. This is a surprising result, as most
studies show that concerns for biodiversity increase with education level
(Mitani and Lindhjem, 2015). For example, Shanafelt et al. (2022) found
that the importance of the protection of nature or biodiversity as a
reason for owning a forest increases with education level.

We then showed that the forest owner cluster can be a meaningful
explanatory variable for their demand for ecosystem services and their
perceived demand by society. Many studies have classified forest owners
based on their stated management behaviors (see below, for detailed
examples), but we have gone a step further and illustrated that these
classifications contain useful information not captured in socio-
demographic data. Calculating the marginal effects allows us to
compare the magnitudes of the associations of our clusters for each
ecosystem service, which leads to some interesting interpretations for
policy decisions. For example, compared to the “Traditionalist” group,
members of the “Satisfiers” group are about two times less likely to
demand clean air and water than those in the “Environmentalist” group.
When providing a subsidy scheme or a PES contract with the objective to
increase water or air quality, owner cluster may be an important factor
in determining the likelihood of a forest owner buying into the scheme
or contract and the payment demanded by the owner. Therefore,
knowledge about different forest owner types and their distribution
among the population serves to anticipate the impact of different policy
measures. A logical next step would be to test explicitly whether the
clusters can predict stated or real management behaviors. If the Sotirov
et al. (2015) and Deuffic et al. (2018) profile questions - which are more
qualitative self-identifier questions - can predict forest owner behavior,
then they could become a powerful tool for researchers and policy
makers. It may also be relevant to develop information campaigns tar-
geting specific owner clusters. However, this will require, for example,
in-depth interviews with owners from different clusters, which can
reveal perceived possibilities and barriers for participating in new
markets for ecosystem services (Muttilainen and Vilko, 2022).

By using the forest owner profiles defined by Sotirov et al. (2015) and
Deuffic et al. (2018) to classify private forest owners in northeastern
France, we successfully applied their approach to a new demographic.
Other studies in the forestry literature tend to base their classifications of
forest owners on management behaviors (Eggers et al., 2014; Favada
et al., 2009; Ficko et al., 2019; Ingemarson et al., 2006; Kuuluvainen

et al., 1996), categorizing individuals into “industrial” or “non-indus-
trial” groups based on their harvesting practices (clear cut or mixed
stand, single or multi-species plantations, etc.) (Newman and Wear,
1993). The Deuffic et al. (2018) approach has an advantage in that it
does not require personal information or information regarding man-
agement decisions. It would be interesting to be able to relate an in-
dividual’s cluster to owner-specific or forest-specific variables. Cluster
analysis using the expectation-maximization (EM) algorithm is not
limited to the forest owner profile questions (Dempster et al., 1977;
Fraley and Raftery, 2002; Scrucca et al., 2016), and could incorporate
other owner- and property-specific information gathered in the survey.
However, doing so will increase the dimensionality of the cluster anal-
ysis, making its estimation and the resulting interpretation of the clus-
ters difficult. We leave this for future work.

The clustering algorithm performs a method of “soft clustering”,
meaning that individuals are assigned a probability of being in each
cluster rather than a firm this-or-that assignment (Dempster et al., 1977;
Fraley and Raftery, 2002; Scrucca et al., 2016). We take a forest owner’s
cluster as the one having the highest probability. However, the model
also reports the level of uncertainty of this grouping. According to
self-categorization theory (Benjamin et al., 2010; Haslam et al., 2012),
we would expect forest owners with a high level of uncertainty to be less
attached to the norms and beliefs related to their assigned profiles. It has
been shown that self-identity is an important factor when an agent is
making an economic decision in general (Akerlof and Kranton, 2000), a
decision related to pro-social attitudes (Bénabou and Tirole, 2006), or
when implementing agri-environmental management (van Dijk et al.,
2016). It would be interesting to focus on this uncertainty and relate it to
forest owners’ values for ecosystem services and the probability of
engaging in certain management behaviors. Further investigation is
warranted.

Though our sample of forest owners cannot be considered as repre-
sentative for all forest owners in France, we believe that our results show
for a relevant population of forest owners an openness to new markets
and a consciousness about their role as suppliers of other services than
timber. Thus, there is potential for governments and intermediary firms
to develop new markets mechanisms for forest ecosystem services. We
also found variation across forest owner types in their consideration of
different ecosystem services. This is a finding that should be considered
both by government agencies developing PES schemes and by com-
panies acting as intermediaries between forest owners and beneficiaries
(e.g., companies funding forest projects as part of their corporate envi-
ronmental responsibility activities). For example, it may be advanta-
geous to provide a bouquet of measures and forest projects from which
forest owners can choose according to their preferences. The rather
diverse population of new intermediary companies developed in France
over the last decade may already reflect this. However, our study only
considers the supply side, i.e., forest owners. While there is a relatively
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large literature on the demand for forest ecosystem services by the
general population (see Frings et al., 2023 for examples), there is less
information on the perspectives of companies on new markets for forest
ecosystem services. This should be addressed in future research and
could help forest owner associations to better guide their members in
developing new markets for ecosystem services.
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