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Abstract: Forest management at the landscape level is a requirement for reducing wildfire hazard. In
contexts where non-industrial private forest ownership prevails, the collaboration among multiple
owners has been proposed as the way forward to reach consistent fuel management at that level.
The current literature has been focused on identifying the factors that lead to collaboration among
owners. In this study we explored other ways to reach landscape-level management in addition to
the collaborative way, such as those that may be promoted through land renting or selling. Different
contexts and owner types may require different solutions. Thus, we explicitly asked which alternative
would be chosen by a given forest owner, from the following set: keeping individual management,
entering a multi-owner collaborative arrangement where they delegate management, renting to
a pulp company; or selling the land. In a context of small-scale ownership and high recurrence of
wildfires in Portugal, a face-to-face survey was carried out to a sample of landowners. Our results
suggest that there is not an a priori generalized unwillingness of owners to delegate management,
rent or sell the land and thus they seem prone to align themselves with policy strategies to promote
management at the landscape level. Multinomial logit regression modelling allowed us to explain and
predict owners’ choices among the aforementioned set of alternative management options. We found
that choosing multi-ownership collaboration, as opposed to keeping current individual management,
is associated with passive management under harsher conditions, by non-residents without bonding
capital. The identified factors of owners’ choices show the limited scope of tenancy and land-market
mechanisms to promote landscape-level management. The best policy option was found to depend
on the owner profiles prevailing in the target area. This suggests that studying the existing context
and owner types is required to design effective policies.

Keywords: multi-ownership collaboration; management delegation; land market; structural adjust-
ment; policy strategies; wildfires

1. Introduction

The current trend of increasingly frequent wildfires calls for fuel management at
the landscape level [1,2]. Meaningful reduction of wildfire hazard requires reducing the
continuity of fuels, through e.g., thinning or understory shrub clearing; isolating fuels,
through e.g., networks of fuel breaks, or mosaics with different land uses; and converting
stands to less flammable tree species [2]. To be effective, these interventions need to be
coherently implemented at the landscape level, for two main reasons. First, due to the non-
linear character of the relationship between hazard and managed area [3,4], management is
required to cover a minimum threshold area within the landscape. Second, space matters
in the application of fuel management techniques, in particular as regards fuel isolation or
stand conversion; these actions need to take place at specific locations. This requires the
development and implementation of a management plan at the landscape level.
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In contexts where non-industrial private forest (NIPF) owners prevail, uncoordinated
individual management effort may be insufficient to achieve the aforementioned threshold
and location-specific requirements. The coordination of numerous landowners becomes
an even greater challenge in very-small-scale ownership contexts, as in a considerable part
of Portuguese forest areas [5–8].

The collaboration among owners is the most often proposed strategy to promote
landscape-level management [9–13]. Nonetheless, in small-scale ownership contexts, struc-
tural adjustment, i.e., the reduction of the total number of private owners and increase
in ownership size is often assumed as desirable, but seldom explicitly addressed in the
policy literature aimed at promoting landscape-level management. In fact, that adjustment
is expected to happen under strictly market mechanisms and the few policies in place in
several European countries intend to prevent further fragmentation rather than actively
promoting structural adjustment [7,14].

Owners’ enrollment in collaborative arrangements may prove insufficient to achieve
landscape-level management if it stops in the design and approval of a common forest
management plan that is not jointly implemented [4]. This seems to be the case in Portugal,
where policy-promoted multi-ownership collaboration under the Forest Intervention Zone
(FIZ) arrangement, since the aftermath of the huge wildfires of 2003 and 2005, is currently
under scrutiny considering FIZs delay in the implementation of the respective management
plans. In fact, in the public and policy debate, the FIZ solution is considered as simply one
among several other alternatives, including structural adjustment [8].

The mainstream literature on private forest owners and landscape-level management
is focused on studying owners’ preferences towards collaboration. The policy problem of
choosing among different solutions to promote landscape-level management led us, in this
study, to go beyond this literature, by explicitly analyzing owners’ choices between multi-
ownership collaboration and other possible routes to deliver the desired landscape-level
management, namely the transfer of land rights to others either temporarily (land renting)
or permanently (land selling).

This study aims to explore owners’ responses to alternative ways to achieve manage-
ment at the landscape level, while adding land transfer options to collaboration among
owners, which opens up the range of possible solutions. Our hypothesis is that the best
policy alternative to promote landscape-level management depends on the local pattern of
owner profiles.

2. Literature Review and Analytical Framework

The presentation of our analytical framework begins with the consideration of both
collaborative and non-collaborative routes towards landscape-level management, through
a brief literature review of coordination modalities to locate the FIZ case. The literature-
based identification of the owner-level factors favoring their choice of collaborative and
non-collaborative alternatives completes the description of our framework. A separate
subsection defining the three specific objectives of the study follows.

2.1. Modalities of Multi-Ownership Coordination and the Portuguese Forest Intervention Zones

Successful examples of collaboration among NIPF owners have been reported as
concerns information, equipment or financial aspects [12]. However, integrated man-
agement decisions, as the object of collaboration, are uncommon or occur only in small
groups [12,13,15–18]. In fact, this last type of multi-ownership collaboration is more de-
manding, as it involves the spatial and temporal coordination of decisions across multiple
property boundaries.

Three modalities of coordination have been described according to the nature of the
coordinator and the degree of formalization. First, informal agreements between multiple
owners are characterized by self-organization coexisting with independent management
of individual property. Second, some formal agreements require the creation of an or-
ganization for the purpose of coordination, e.g., associations or cooperatives, as well as
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the Portuguese FIZ. Third, other formal agreements involve a third-party organization
acting as the coordinator, e.g., an NGO, a governmental institution, forester, contractor, or
forest corporation [15,18,19]. In the first two modalities, forest owners are collectively in-
volved in formal or informal decision-making, under certain governance rules, third-party
coordination may not require direct collaboration between NIPF owners.

Created in 2005 to increase the fire-resilience of Portuguese territories, FIZ corre-
spond to governmental legislation promoting voluntary enrolment in formal private multi-
ownership and cross-boundary collaboration. Each FIZ corresponds to a contiguous mini-
mum surface and a minimum number of enrolled owners [4,8,20]. Coordination decisions
are the competence of the FIZ’s managing body (e.g., forest owners association), which is
responsible for designing a single forest management plan for the whole area, which is
first approved by the Owners’ Assembly and then submitted to approval by the National
Forest Authority. This plan includes and maps fuel breaks, water points and other collective
infrastructures, as well as stand-level constraints on forest management by owners (species,
interventions). According to the FIZ legislation, once approved, the plan is supposedly
mandatory for all owners, including those who are not FIZ members but have their land
within FIZ boundaries. Despite this strong legal status of the FIZ and its forest management
plan, the implementation of the plan is not ensured, as it requires costly interventions to
build and maintain collective infrastructure, convert stands to less fire-prone species and
promote active fuel management at the stand level [4,20]. This implementation failure is
related to the facts that (1) mechanisms for the public funding of these costs are not fully
developed and (2) delegating management by owners to the FIZ managing body is not
mandatory and seldom adopted. Management delegation has been considered crucial for
the full implementation of the forest management plan of the FIZ [20] because it requires
consistent and synchronized interventions, typically across hundreds of owners and often
requires a common application for funding those interventions. Imposing management
delegation by law, especially for non-members, would raise legal problems as regards
property rights and this may explain why it is not in the FIZ law. A solution based on
public funding to support the buying of management delegation by the FIZ managing
body could help solving this problem.

2.2. Owners’ Choices among Alternative Management Options

Besides owners’ collaboration, other distinct policy strategies to promote or favor
landscape-level management may be considered, which requires broadening the choice
set for owners, including other alternatives rather than management delegation to the
FIZ (Figure 1). In contexts of small-scale ownership dominance, a quite distinct policy
option is structural adjustment. This adjustment requires the full transfer of property
rights in the land market by the small and very small owner, i.e., land selling. There
is, however, an intermediate policy option to favor landscape management that consists
in the promotion of temporary transfer of land use rights through renting (contractual
arrangements in the tenancy market) by small and very small owners; in this case, the
tenant organization may be viewed as acting as a third-party coordinator [3].

Despite the importance given to forest ownership dynamics and, in particular, the fear
that ownership is split in inheritance processes, in particular close to urban areas [6,7,14],
land transfers have not yet been included in studies of owners’ preferences related to differ-
ent alternatives for achieving landscape-level management. However, the influence of the
institutional characteristics of arrangements, such as the length of commitments, the nature
of the entity who leads the process, the extent of management delegation to that entity,
the financial cost or benefit for the owner and the resulting perception of autonomy and
decision control over their land, to explain the participation in multi-ownership collabora-
tion, as recognized in the literature [10,11,13,16,20–27], has been a source of inspiration to
build up the conceptual framework for comparing within the broader range of alternatives
explored in this study.
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In order to identify the factors explaining the choice by owners between those alterna-
tives, which are in line with different policy strategies to favor landscape-level management
(multi-ownership collaboration, partial property rights transfer/coordination by third-party
and full property rights transfer), we resorted to a review of (1) the literature on forest
owners’ collaboration [10,11,14,15,18,19,21,22,24,26–29] and (2) the more general literature
on NIPF owners’ management [30–33]. This review was aimed at identifying owner-level
factors that may explain and help predicting the choices made by different types of owners,
with different rationalities or decision logics, which will help selecting the policy strategy
to promote landscape-level fuel management best fitting the prevailing owner profiles in
a specific area.

2.3. Owner-Level Factors Explaining Their Choices between Alternative Management Options

From the aforementioned review, possible owner-level factors for explaining owner
choices have been grouped in four main dimensions: the owner’s sociodemographic
attributes and relationship with the forest, forest ownership characteristics, current man-
agement practices and social capital (Figure 1).

The owner’s socioeconomic characteristics (such as age, education, place of residence
or income level) are often considered in the analysis of owners’ collaboration, since they
are supposed to influence knowledge, beliefs and personal attitudes towards collaboration
goals and its effectiveness [10,27], or individualism and opportunistic behavior [3,12,34,35].
Nonetheless, their influence does not always go in the same direction. The owner’s
experience of exceptional or uncertain catastrophic events such as wildfires is often viewed
as a trigger to collaboration [12] but can also decisively encourage a shift from individual
management to some level of land rights transfer by land renting or selling.

Forest ownership size is an almost unavoidable variable in any analysis of owners’
management choices [7,28,30,36], the same applying when willingness to enroll or actual
enrollment in collaborative arrangements is at stake [10,11,27]. Ownership size is often
considered as a proxy for owner’s management goals and constraints (namely on the
grounds of economies of scale) and thus there is a widely held assumption linking small-
scale property to the absence of both active management and willingness to cooperate or
coordinate [34]. Nonetheless, ownership size is not always found to be a relevant variable
to explain coordination choices [10,11,19,27].
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The owner’s management of their woods can be characterized in very different ways,
from levels of intensity (as the abovementioned active/passive gradient) to the existence of
a management plan, or motivation to care for their forest. Absence of this plan or merely
lack of interest, absenteeism or abandonment are often considered as reasons for lower
involvement in multi-ownership collaboration [10,11,13,21,22,24]. Forest management
practices, including the identification of the interventions carried out, labor source (family
or wage labor, outsourcing) and the technique used, are less explored in these studies as
factors for collaboration [10,12,19,26], yet they may prove to be better indicators of owners’
management logics and intentions [31,33].

Social capital, i.e., shared cognition, trust and norms of reciprocity, sense of group iden-
tity and networking, is expected to promote cooperation among private owners [3,13,35].
Therefore, shared cognition (inter-knowledge, information sharing), trust instead of conflict
and membership of formal or informal associations are expected to favor the choice of
management delegation under FIZ collaboration rather than individualized management
and land renting or selling [18,23,29,37].

In sum, in contexts of small-scale ownership and rural decline prevalence, one may
expect that owners more active in forest management (carrying out more silvicultural
interventions and investments), more directly involved in that management (namely with
family work versus outsourcing), with larger ownership size and having acquired land by
purchase instead of inheritance alone [10,12,14,16,30,31,37], may be less prone to rent or sell
their land. On the contrary, being retired, older, non-resident (place of primary residence
relative to the forest property) and with other sources of income beyond farm and forest
activities, is expected to favor the full transfer of property rights [14,33].

2.4. Objectives

The overall goal of this study is to explore owners’ responses to alternative ways
to achieve coherent fuel management at the landscape level, in addition to multi-owner
collaboration, in order to broaden the range of possible policy solutions.

Because owners are often seen as unwilling to collaborate or transfer their land, our first
specific objective is to assess the proportion of owners who prefer each of these alternative
options for managing their forest land in the future: keeping the current individual manage-
ment, delegating management in a FIZ, renting and selling the land. By contrast with the
first option, the other three can be seen as a way towards landscape-level management.

As different contexts, namely owner-type composition, may require different solutions,
our second specific objective is understanding whether and why different owners choose
different options. From the literature review, possible factors for explaining landowner
choices can be grouped in several dimensions, such as owner and ownership characteristics,
management practices and social capital. This study also innovates by widening the
range of usual factors and comparing the relative effect of each of these dimensions on
owners’ choices.

A third specific objective is using our understanding of the particular choices of
different owners to predict how specific owner profiles may react to alternative coordina-
tion solutions.

3. Methods
3.1. Case Study

Our study setting is a parish in the Centre of Portugal, Alvares (Góis municipality),
where a group of forest owners were establishing a FIZ as a response to the particularly
violent wildfires in 2017 [38]. In the last 40 years, more than 20,000 hectares, twice the area
of the parish, had been burnt in a total of 42 wildfires [39]. The parish is characterized by
very steep hillsides, a Mediterranean climate, forests covering more than 90% of the land,
which are dominated by eucalyptus (53%) and pine (30%) plantations for wood production.
It is one of the most wildfire-susceptible areas in Portugal [40]. The forest owner’s active
involvement in forest management at the landscape scale was seen as key for effective
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wildfire-hazard reduction. In this context, we collected NIPF owners’ views on forest
management options for wildfire-hazard reduction.

Most of the forest area (84%) is under NIPF ownership. The two paper pulp companies
operating in the parish manage 16% of the forest, 6% of which is rented from the NIPF
owners. The property structure is unequal and concentrated: small owners (with an area of
less than 5 hectares) represent 87% of the total forest owners of the parish, but they hold less
than one third of the area. More than half of the area belongs to 6% of the owners who have
more than 10 hectares. Another feature of the property structure is its high fragmentation:
on average, an owner has 3 hectares in 6 parcels, with 0.5 hectares each. Most of the area
(61%) belongs to owners who live outside the municipality.

3.2. Survey and Owner Characterization

Between March and May 2018, we conducted a face-to-face survey of NIPF owners
in Alvares, including both local and non-local residents, the latter living in urban areas in
Lisbon and Coimbra. In the absence of a land registry for this region, we were supported by
the local forest owner’s association, the parish council and the founding group of the FIZ,
in identifying and reaching potential respondents. From the full list of the forest owners
with more than 1 hectares provided by the founding group of the FIZ, a random set of
400 owners was first contacted by letter or phone call. To increase the size of the sample and
provide the full coverage of all owner types (e.g., more/less active, resident/non-resident
in Alvares), this set of respondents was complemented using the snowball method. As
a result, 221 interviews were completed.

Our sample may have a certain bias towards owners with similar characteristics to
those who are closer to those entities that supported us. This bias may affect statistical
inference, e.g., when estimating the shares of the owner population preferring a certain
management option, but not so much in the estimation of the model parameters that reflect
how the owners’ attributes affect their choices.

The questionnaire was structured to study the constraints and options faced by forest
landowners for managing their forest areas to reduce the risk of wildfires, which provided
the context for owners to choose their preferred land management alternative in the future.
The results of these hypothetical choices were used to build our dependent variable, as
detailed in Section 2.3.

Table 1 provides a summary description of owners in our sample. Owners are mainly
men (75%), more than 65 years old (54%), mostly without a college degree (75%) and retired
(52%) (Table 2). Most are non-residents, i.e., their primary home is outside the municipality,
although they often keep an inherited family second home at the parish. Their main source
of income besides the forest is related to an activity in the primary sector, retirement or
other pensions, savings or rents (69%). When asked about the importance of the forest for
them, only 39% indicated forest income as being one of the reasons for owning forest land.
Almost all owners were affected by the 2017 wildfires.

The majority (54%) of our respondents own >4 ha of forest. The average property
size is 15 ha, scattered by 13 parcels, with an average of 1.13 ha each. Almost 3/4 of the
respondents had eucalyptus, pine or mixed pine and eucalyptus stands.

Most owners (81%) harvested their forest stands for wood in the last 10 years or since
they became responsible for ownership. In the same period, the three most frequent types
of productive interventions carried out were shrub clearing (65% of owners), thinning and
poles selection (48%) and pruning (37%). At least 46% of the respondents carried out at
least one type of investment in their forest stands.

Most owners are members of at least one association of several types, including
local cultural associations, which reinforce intra-community ties and other associations
with economic, technical or other external representation purposes such as linking with
public authorities. Although living mostly outside the municipality, more than 3/4 of the
owners know the majority of adjacent owners. However, there is a lack of exchange of
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price information and many do not consider it easy to enter into an agreement for jointly
executing or contracting forest operations.

Table 1. Summary description of owners (number and % of respondents, total = 221).

Variable Categories N %
Owners and Forest

Gender
Female 55 25
Male 166 75

Age
<55 years 42 19

55–65 years 60 27
≥65 years 119 54

Place of Residence
Within the municipality (Góis) 87 39

Outside the municipality (Lisbon or Coimbra) 134 61

Education
Without primary education 13 6

Primary–High school 153 69
College degree 55 25

Occupational Status
Active (entrepreneurial or independent activity, dependent

activity, unemployed) 105 48

Non-Active (retired, householder, student) 116 52

Main Source of Income
besides the Forest Sector

Primary sector, retirement or other pensions, savings or rents 152 69
Secondary or tertiary sector 69 31

Forest Income is one of the
Top (1st or 2nd Place) Reasons

Why Forest Is Important
87 39 39

The Owner’s Forest Was
Affected by 2017′ Wildfires 194 88 88

Forest Ownership

Ownership Size

<4 ha 86 39
4–10 ha 53 24
≥10 ha 66 30

No answer/does not know 16 7

Dominant Forest Species

Only eucalyptus 67 30
Only pine 48 22

Only eucalyptus and pine 47 21
Other type of forest stands or does not respond 59 27

Forest Management Practices

Productive i = Interventions in
the Last 10 Years

Shrub clearing 143 65
Fertilization 52 24

Chemical treatment 35 16
Thinning and poles selection 106 48

Pruning 82 37
Harvesting 179 81

Social Capital (SC)

Former or Current Association
Membership and Participation

Not a member of any association/organization 21 10
Only a member of local social and cultural associations (Bonding SC) 60 27
Only member of associations with an economic, technical, or external
representation purposes (Forest Owners Associations, Fire Fighters

Volunteers) (Linking SC)
26 12

Member of both types of associations (Bonding and Linking SC) 114 52

Trust and Reciprocity toward
Property Meighbors

Regarding Your Property
Neighbors, Which of the

Following Statements Applies
to Your Case (Bonding SC)

Knows the majority of property neighbours 167 76
Frequently exchanges information regarding prices (forest operations or

wood sales) 47 21

It is difficult to reach an agreement for shared execution or contracting of
forest interventions 103 47

There are often problems of boundary definition and positioning
of landmarks 115 52



Forests 2022, 13, 22 8 of 20

Table 2. Description of independent variables.

Respondents

Dimension Variable Description N Mean or
Percentage

Standard
Deviation

Owners and
Forest [OF]

Non-resident Primary home (residence) outside the
municipality of Góis, i.e., Lisbon or Coimbra 134 61 -

Non-primary sector
income **

Main source of income comes from wages or
independent activity in the secondary or

tertiary sectors
69 31 -

Female ** Female gender 55 25 -
Retired ** The owner is retired, or householder 116 53 -

No contribution from
forest revenue **

0% weight of forest revenue on the household
income, over the last 10 years 102 46 -

Age * Age of the owner - 65 12
Education * With a college degree or above 55 25 -

Forest
Ownership

[FO]

Inherited land alone Ownership acquired only by inheritance 139 63 -

Forest renting Past or current experience of renting to a pulp
paper company or forest contractor 23 10 -

Ownership size * Total area (ha) owned - 15.4 35.5
Ownership size

>10 ha *
Total owned land area above 10 ha (including

any land parcel rented to others) 66 29.9 -

Ownership size >4 ha * Total owned land area above 4 ha (idem) 119 54 -

Forest
Management

Practices [FMP]

Last plantation after
1998 **

Having planted or replanted forest over the last
20 years 102 46 -

At least one
productive

intervention (PI)

Having performed at least one of the following
PI: shrub clearing, fertilization, chemical

treatments, thinning, poles selection
and pruning.

166 75 -

Investments **

Number of types of investments from the
following list: plantation and densification; road
construction or improvement, fuel breaks; water

points; equipment.

- 0.5 0.9

Family work ** Executes PI and only uses family work 58 26 -

Manual work Executes PI and only uses manual or
mechanically assisted work 127 58 -

Social Capital
[SC]

Frequent information
exchange **

The owner perceives “Frequent information
exchange among her/his property

neighbourhood regarding prices (work/tasks or
wood selling)”

47 21 -

Easy agreements
with neighbours

The owner contradicts “Difficult agreements for
shared execution or contracting of forest

operations among her/his
property neighbourhood”

117 53 -

Membership of local
associations alone

Former or current membership of one or more
social and cultural associations: village

improvement committee, municipal house of
Góis, festivity committee; sports/cultural club.

60 27 -

* Variable dropped, as non-significant in partial models; ** Variable dropped, as non-significant in the final model
(while significant in a partial model).

3.3. Dependent and Independent Variables

To model owners’ choices for the future management of their forestland, a categorical
dependent variable was built from the replies of our respondents to a single question re-
garding their preferred alternative (only one) among four options (Table 2): (a) Individually
managing the land; (b) Delegating management to a FIZ; (c) Land renting to a pulp company
for a good price and (d) Land selling for a good price. Option (a) represents the mainte-
nance of the current situation. Options (b) and (c) correspond to different coordination
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modalities: multi-owner collaboration and formal third-party coordination, respectively.
Selling the property, option (d), would eventually lead to structural adjustment.

Possible explanatory variables were grouped in four dimensions: owners and forest,
forest ownership, forest management practices and the owner’s social capital (Table 2). The
owner attributes and her/his relationship with the forest encompass the place of residence,
main source of income besides forest, gender, whether he/she is active or not, the weight of
forest revenue in household income, age and educational attainment. The forest ownership
dimension includes structural ownership characteristics such as whether the land was
acquired via inheritance or bought, previous experience with forest renting and size. Forest
management practices refer to the operations carried out during the previous 10 years,
including: plantations, productive interventions (PI), the number of investments and the
workforce type and technique involved. Finally, the social capital (SC) dimension includes
the following three variables: frequent information exchange among neighbours, easy
agreements with neighbours and membership of local associations alone. The selection
of these three variables, from the list of SC indicators available in the survey, took into
consideration their frequency in the sample and the strength of their bivariate relationship
with the dependent variable. All three variables refer to bonding SC, which concerns strong
intracommunity ties, as opposed to bridging (inter-community ties) and linking (external
vertical links with individuals or groups in places of power or authority) SC [37,41].

Except for the number of investments, ownership size and the owner’s age, which are
continuous, all the other are binary (yes/no) variables.

3.4. Data Analysis

Multinomial logit (MNL) regression was used to identify the variables that best explain
the owners’ preferred option among the four aforementioned management alternatives. This
is an appropriate modelling approach given the categorical and non-ordered nature of the
dependent variable. The alternative “individually manage the land” was set as the baseline
category (in the sense of [42]), as it describes the current situation for all respondents.

Based on each respondent i’s choice of management alternative j (= 1, 2, 3, 4), that is
Yi = j, the MNL model was specified as three equations, one for each alternative but the
baseline category. Each equation has the following structure (Equation (1):

Log [(Prob(Yi = j))/Prob(Yi = baseline)] = α + βj1Xi1 + βj2Xi2 +
βj3Xi3 + . . . + βjkXik + εij = Zi,j + εij

(1)

where Prob(Yi = j) is the probability of forest owner i choosing the management alternative
j, Prob(Yi = baseline) the probability choosing the baseline, (Xi1, . . . , Xik) is the vector of
explanatory variables (or predictors) that may influence the choice of j made by owner i
and (αj, βj1, . . . , βjk) is the vector of parameters to be estimated. The random term εij
allows for the inclusion of effects that cannot be captured by the chosen predictors.

Maximum likelihood was used to estimate a parameter vector (αj, βj1, . . . , βjk) for
each management alternative j but the baseline [43].

3.4.1. Model Specification (Variables Selection)

To explore the multivariate effects of the variables in Table 3, four partial models were
first estimated, each with variables belonging to one single dimension. This exploratory,
learning stage helped in selecting variables with a statistically significant coefficient at
the 10% level. Using only these variables, a single model was then estimated which
would potentially include variables in any of the four dimensions. To decide on the
final specification of our model, we were guided by conceptual insights drawn from the
literature review and used the 5% level of significance for variable selection and the Akaike
information criterion (AIC) to assess overall goodness of fit. To check the reliability of our
results, backward stepwise model estimation with all potential explanatory variables was
also performed, so that we can check which results still hold when using a less conceptually
guided approach.
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Table 3. Owners’ choices between alternative management options (number and % of respondents,
total = 221).

Respondents
Variable Categories N %

If you could choose, what
option, from the ones below,

would you prefer?

Individually managing the land 72 33
Delegating management to a Forest Intervention Zone (FIZ) 86 39

Land renting to a paper pulp company for a good price 29 13
Land selling for a good price 34 15

3.4.2. Simulating Choices among Management Alternatives by Different Owners’ Profiles

The estimated final model was then used to predict the probability of choice of each
management alternative (pˆ) by an owner with a particular profile, characterized his/her
values for each of the explanatory variables in the final model: (1, Xi1, Xi2, Xi3, . . . , Xik).
The owner profiles were set to explore the diversity and relevance of the explanatory
variables with greater impact on choice, while ensuring they represent numerous sections
within our sample.

The Zi,j = (αj, βj1, . . . , βjk). (1, Xi1, Xi2, Xi3, . . . , Xik) were estimated by multiplying
the estimated parameter vector by the explanatory-variable vector corresponding to each
particular owner’s profile and introduced in the final MNL model to predict the mean
probability of owners with that specific profile i choosing each management alternative j
(Equations (3) and (4) (as in [43])). These mean probabilities and the corresponding 95%
confidence intervals were plotted for each profile and alternative.

p̂ Yi = baseline = 1/(1 + ∑ exp (Zi, j)) (2)

p̂ Yi = j = (exp (Zi, j))/(1 + ∑ exp (Zi, j)) (3)

Model estimation and graph plotting were performed in SPSS version 25.

4. Results

After briefly describing owners’ choices regarding alternative management options,
we identify the factors explaining those choices based on the estimated final MNL model.
Finally, simulations of choices between options are presented for different owners’ profiles.

4.1. Owners’ Choices between Alternative Management Options

Maintaining individual management, entering in a multi-owner collaborative arrange-
ment where they delegate management, renting to a pulp company, or selling the land
were the four alternative management options considered. Faced with the possibility of
choosing between them, only a minority of owners in our sample (33%) would choose to
continue individually managing their land. A higher number of owners (39%) would opt
for delegating management to a FIZ, therefore admitting shifting from current individual
management to collaborative management under FIZ coordination. Land selling and land
renting to a paper pulp company were considered the preferred alternative by 15% and
13% of the owners, respectively. Overall, most of our respondents (2/3) would choose not
to continue managing the land individually.

4.2. Factors Explaining Change from Current Individual Management to Alternative Options

Our final MNL model (Table 4) retains only those independent variables whose effect
on choices made by the respondents remained significant, even when in competition for
explanatory capacity with variables from all the four dimensions. The less represented
dimension in this model corresponds to the owners’ socioeconomic characteristics (OF),
with the place of residence as the only retained variable in this dimension; other variables
from this dimension, such as age, gender, education, occupation status, source of income
besides the importance of forest and forest income to the household income were not
significant. The other three dimensions are represented in a more balanced way.
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Table 4. Multinomial logit (MNL) model of choices between management alternatives.

FIZ Management
Delegation

Land Renting for a
Good Price to a Paper

Pulp Company

Land Selling for
a Good Price

β Exp(β) (#) β Exp(β) (#) β Exp(β) (#)
Intercept −0.08 0.01 −0.08

[OF] Non-resident 0.98 *** 2.66 0.20 1.22 0.48 1.62
[FO] Inherited Land Alone 1.08 *** 2.94 0.37 1.45 1.09 * 2.97

[FO] Forest Renting Experience 0.75 2.13 1.63 ** 5.12 0.28 1.32
[FMP] At Least One Productive Intervention −1.51 ** 0.22 (4.53) −1.06 0.35 −1.60 ** 0.20 (4.95)

[FMP] Manual Work 0.97 * 2.64 −0.30 0.74 −0.04 0.96
[SC] Easy Agreements with Neighbors −0.26 0.77 −0.79 0.45 −1.00 * 0.37 (2.72)

[SC] Membership of Local Associations Alone −1.30 *** 0.27 (3.67) −0.06 0.94 0.14 1.15

Number of Respondents = 221
Number of Observations = 220

Statistical parameters: −2Log-Likelihood: 257 (final model)
Chi-square: 65 *** (Change from the initial model)

AIC: 305
BIC: 387

Note 1: The reference category is “Individually managing the land”; Note 2: Significant at 1% ***; 2.5% ** and
5% *. Note 3: (#) for readability purposes in the case of significant negative Exp (β) values we also present in
brackets the equivalent odd ratio value for the inverse of the variable, as it would have a positive (influencing
factor) effect.

Focusing on the choice of collaboration under FIZ with management delegation, the
relative probability of choosing this alternative over the baseline is maximal when no
productive intervention has been carried out. Membership of local associations alone
is the second-best predictor of this outcome, followed by having inherited land alone,
being non-resident at the municipality where the forest property is located and the use
of manual work alone for the execution of productive interventions. Therefore, formal
multi-owner coordination is the preferred alternative for owners having a distant primary
home (although some of them might maintain a second home locally), who cannot afford
the manual and more demanding execution of productive interventions on their inherited
forest land (as they tend to carry out no interventions but otherwise they have to do it
manually) and without participation in local social and cultural networks (a part of bonding
social capital). Other variables expressing bonding social capital do not explain the choice
of collaboration (owner perception of easy agreements with neighbours for the shared
execution of interventions) or have been shown to be non-significant across all options for
owners (the case of frequent information sharing). As already referred to in Section 2.3,
variables related to the bridging and linking dimensions of SC were also found to be not
related with any of the options.

Turning to the other options, land renting to a company is mainly associated with prior
forest renting experience with those kinds of contracts and no other variable, while land
selling is driven mainly by not having performed any silvicultural intervention in a forest
property that has been acquired only by inheritance (and not land market) by owners who
perceive reaching agreements with neighbours as difficult (which adds to a weak bonding
social capital).

On the other hand, our results also show that owners or their family members who
take care of the forest by themselves, carry out mechanical work and have strong intra-
community ties or bonding SC (Membership of local associations alone) prefer to continue
managing the land individually, rather than formal coordination (either by collaboration
under FIZ or third-party coordination/land renting) or selling their land.

The selected final model specification was compared with the specification secured by
backward stepwise estimation, with the former found to better fit the data and to retain
more conceptually interesting variables (Appendix A—Table A1). Nevertheless, in the
backward stepwise model, the plantation year had a significant effect on choosing the FIZ
formal multi-owner collaborative management and land selling options (at the 5% level); all
the other variables were the same as in the final model. Despite the importance attributed
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to ownership size in some studies, our results from alternative models testing the effect
of this variable (Appendix A—Table A2) suggest it does not significantly affect owners’
choices for different management modes and were discarded.

4.3. Simulated Choices among Alternative Management Options for Specific Owners’ Profiles

Owners’ choices for alternative management options were simulated for four owner
profiles, considering their significance within our sample and in similar contexts. These
profiles differ in ownership, management practices and owner attributes:

1. Investing-caring-working—land ownership was, at least partially, acquired by pur-
chase; the owner has planted recently (after 1998) and performed at least one produc-
tive intervention; only family work has been used and forest weight on household
income is relevant.

2. Outsourcing-caring—land ownership was obtained by inheritance alone, the owner
has not planted recently, forest work is outsourced to a forest contractor and forest
revenue is irrelevant in household income. This profile is the most represented in our
sample with 34 owners.

3. Investing-renting—the owner has recently planted and some land has already been
rented to a pulp company or private contractor.

4. Non-active owners—women who don’t receive any revenue from the forest and are
not economically active as regards their occupational status.

The mean probabilities of choosing each management option and their confidence
intervals for each of the four owner profiles are presented in Figure 2.
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Investing-caring-working owners have a 0.60 probability of choosing to continue their
independent management and a 0.20 or lower probability of choosing any one of the other
alternative options. Outsourcing-caring owners, on the other hand, are most likely to
choose formal multi-ownership collaboration (probability close to 0.5), i.e., management
delegation to the ZIF, than any other option. Third-party coordination by an industrial
corporation is the most probable (but probability barely exceeding 0.3) choice for Investing-
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renting owners. Finally, non-active owners seem to prefer the FIZ management delegation
with a mean probability of choosing this option above 0.4.

5. Discussion

We begin by exploring the factors that helped explaining the owners’ choice of multi-
ownership collaboration. Then, we compare choices for such collaboration with their
alternative options, which involve markets and land rights transfer. Finally, we comment
on the usefulness of this approach and its implications for the design of policies to promote
landscape-level management that fit the owner profile of the target area.

5.1. Explaining the Choice of Multi-Ownership Collaboration under Forest Intervention Zone (FIZ)

Social capital is one of the most explored dimensions to explain owners’ receptivity
to collaboration, besides sociodemographic and ownership attributes [13,29,44]. However,
according to our results, forest management practices is the most relevant dimension to
explain the choice of collaboration, followed by social capital, ownership attributes and
owner characteristics. Beyond this hierarchy of dimensions, the effect of several variables
requires contextualization and interpretation.

Multi-ownership collaboration under FIZ is positively linked to passive management.
Nonetheless, the literature concerning NIPF owners frequently makes the assumption that
the lack of active management is a reflection of the owners’ lack of interest in their wood-
lands and, then, also a reason for not participating in collaborative arrangements [10,12,35].
Passive management is often associated with land acquisition only through inheritance
and living away from the property [14,33]. However, going through our overall model,
neither land inheritance nor being a non-resident kept owners from opting for delegating
management to a FIZ.

In our model, manual work is the main FMP factor associated to the collaboration
alternative. Being physically demanding, time-consuming and consequently costly (its cost,
in similar Portuguese contexts, even exceeds forest income, according to [45]), manual work
can be taken as a proxy of harsher forest conditions, namely high slopes, lack of access by
road and non-aligned stands, which hinder mechanization for more active management.
Our exploratory studies suggest that the hindrances to use mechanical means, a less costly
alternative, can lead to passive management. In [5] and [46], manual work appears to have
the same effect if combined with family labor unavailability. Owners with management
constraints, resulting from those harsher conditions or simply by living away from their
forests, are willing to delegate the management of their (inherited) land to collaborative
entities such as ZIFs [20]. Then this option can be viewed as a search by owners to overcome
current passive management.

Regarding the place of residence, living outside the forest and abandoning the land are
interchangeably taken in the literature under the umbrella concept of absenteeism [12,34].
Absenteeism is then associated with the lack of interaction and communication and then,
with the lack of predisposition to cooperate [13,26]. Our model, alongside [19], showed
that non-residents tend to opt for collaboration arrangements. Contrary to expectations
from the literature [10,24,26,27], age did not affect land management choices.

Social capital is generally expected to promote collaboration among NIPF own-
ers [26,35,44,47]. However, our model reveals that strong intracommunity ties or bonding
SC, referring to information sharing, trust in property neighbors or social networking, were
either non-significant predictors of collaboration under FIZ, or even negatively linked to
the choice of collaboration (e.g., membership of local associations led owners to choose
individually managing their land), suggesting that distinct types of social capital may
affect acceptance of collaboration in different ways [37,48]. In particular, multi-ownership
collaboration may be more a matter of trust in the coordination facilitator, aimed at exter-
nal representation of local interests, than intracommunity trust [19,20]. Therefore, on the
one hand, we admit that a better design of variables expressing types of SC other than
bonding SC may lead to better predictors of multi-ownership collaboration. On the other
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hand, the strength of those predictors may depend on internal institutions and governance
of the collaborative arrangement itself, e.g., the extent of management delegation (partial
or total) or the type of internal decision-making criteria.

Our results do not show any effect of ownership size on the choice of coordination
and thus we discard the idea of a supposedly a priori unwillingness to collaborate by
small owners [10,11,27,28]. This doesn’t necessarily deny that in collaboration under FIZ
the average size of participants is larger than that of non-participants; and that FIZs have
a higher probability of success where average ownership size is larger [49,50]. What
explains the apparent contradictions among these results are two characteristics of FIZ as
multi-owner arrangements. First, for a FIZ to be approved, the aggregated area of enrolled
participants should reach a minimum share of the FIZ’s area and thus, for cost-effectiveness
reasons, FIZ promotors tend to target larger owners in their enrolment strategy. Second, as
each participant’s decision-making power within many of the FIZ depends on ownership
size (as in a condominium), larger owners have a higher incentive to participate [6,20]. Thus,
these attributes of the FIZ arrangement—and not a supposed unwillingness to collaborate,
or delegate management, by small owners—explain why FIZ participants are larger than
non-participants and why it is easier to succeed in FIZ constitution where average size of
ownership is larger. Therefore, we should focus more on the design of FIZ governance
rules rather than on any particular attribute of small forest owners if we want to more
effectively promote landscape-level management of fuels.

In sum, passive management, property size, place of residence or lack of intracommu-
nity ties seem not to act as barriers to acceptance of collaboration. Instead, these results
suggest that, when owners are unable to pursue with forest management as an economi-
cally viable activity, formal collaboration appears to them as a way out of this economically
constraining context.

5.2. Landscape-Level Management by Collaboration among Owners or by the Market

Even though multi-ownership collaboration has been selected by almost 40% of the
respondents, the majority would keep current individual management or choose other
alternatives, namely selling or renting the land. The comparison among the individual
management/collaboration/land rights transfer options needs to take into account both
the owner-level factors of choice and the institutional characteristics of those alternatives in
the local and Portuguese context.

The demand side of the land tenancy market is mainly represented by two paper pulp
corporations (and possibly also a few forest contractors or loggers), which are also the only
buyers in the oligopolistic timber market. These companies are landowners themselves
and, through land tenancy agreements with some local NIPF owners, they promote the
management coordination of all the land involved. This process is highly selective: only
the best stands, as regards expected profitability and accessibility, are chosen. Establishing
a tenancy contract is thus not an available option for the majority of NIPF owners, since
the companies’ productivity requirements are not met, or the offered rent payment is
insufficient for active owners [51]. Therefore, it is not surprising that the distinguishing
feature of the owners who opted for land renting is their previous or current experience
with this type of agreement (investing-renting owners).

In more economically profitable areas, such as in a sample of 550 owners of euca-
lyptus forest across the country [50], almost half of the land may have been acquired by
buying, yet, in our study setting and other similar ones in Portugal, forestland is mostly
acquired through inheritance [5]. Despite the reduced movements in local land markets
and the fact of Portuguese land prices being the lowest in Europe (3000 eur/ha against e.g.,
33,000 eur/ha in Italy) [51], selling still seems an attractive option for non-active owners,
who prefer giving up their family inheritance rather than keep paying management costs.
Thus, small owners’ purported attachment to their land does not seem to be an obstacle to
third-party coordination or structural adjustment. These obstacles should be looked for in-
stead in the absence of economic and market incentives that may trigger these adjustments
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from the land-demand side. On the one hand, the amount of land rented by pulp compa-
nies has not increased over the last 20 years [52]. On the other, these market-dependent
modalities to promote landscape-level management are limited by factors, such as timber
prices and economic risks (related with wildfires and pests), that condition “interesting
investment returns” [51].

Considering the current literature, our findings lead to a non-expected outcome:
wildfire-hazard reduction through fuel management coordination at the landscape-level
will likely find more support from NIPF owners with passive management and living
outside than from those practicing active management and living locally. Institutional and
economic differences between the land rights transfer and owner collaboration alternatives
are relevant to understand this outcome and seem to drive owner’s choices between
them [11,18,21,24,32]. Under land renting, the owner accepts a commitment of variable
duration (e.g., 24 years) against a rent, whereas under FIZ delegation the duration of the
commitment is somewhat undefined and what is at stake is not whether there is a sufficient
compensation to the owner, but the fact that it provides a way to overcome a situation of
underinvestment. There is, however, an expectation that the FIZ would be financed by
public policies to overcome the lack of profitability of any investment in better management.

This helps to explain why investing-caring-working NIPF owners, who execute forest
management practices, work actively on the property and expand ownership by other
means rather than inheritance alone, are not likely to depart from individual management,
as they are able to assure economically viable management under current circumstances.
Simultaneously, the effort involved when enrolling in a FIZ (e.g., time spent on meetings,
paperwork, following a common forest management plan) and the undefined character
of some particular advantages and obligations may lead them to negatively perceive this
option. In contrast, for non-active owners, the multi-ownership collaboration modality
carries an expectation of solution for their economic constraints that may lead them to
overcome current underinvestment and non-active management.

5.3. Policy Implications for Promoting Landscape-Level Management and
Wildfire-Hazard Reduction

There are some relevant implications of our results for the design of policies aimed at
promoting sustainable fuel load reduction at the landscape-level.

First, the promotion of the formal multi-owner collaboration arrangements is not, in
general, easy [12]. It is particularly difficult when it has the ambition of reaching landscape-
level management. The effectiveness of cross-boundary collaboration under FIZ involves
several hundred of owners, in our case study and in the majority of Portuguese rural
areas [4], whose willingness to collaborate is hardly the same for all as their immediate
interests differ: some have nothing to lose (non-active owners), while others may lose
(investing-caring-working). For example, for these latter, who often hold better land,
the extension of fuel management to poorer land, through collaborative management, or
delivering productive land for fuel breaks, may not be seen as good business in the short
run, since the benefits of hazard reduction are deferred over time, uncertain and shared
with other owners, whereas the direct and opportunity costs involved in these interventions
are immediate and certain [38].

Second, comparison with other non-collaborative alternatives emphasizes how the
internal governance and external policy support to multi-owner collaboration are essential
in defining the benefits and costs for each owner type and should not be ignored in
policies aimed at effectiveness [3,53,54]. The scope of FIZ executive competences (managing
only common parts, such as fuel-breaks, as in a condominium, or also stand-level forest
management, that is: FIZ with partial or total delegation of management, respectively),
the internal voting rule (“one person, one vote” or depending on the ownership area)
and the external funding criteria (depending on the FIZ area alone or including also the
number of FIZ enrolled owners), among others, are decisive for defining owners’ benefits
and costs and consequently their interest in collaboration [20]. The type of governance
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arrangements establishes the type of owners who will be more willing to collaborate.
Thus, different owner-type patterns, in each area, will require locally adapted internal and
external governance arrangements, as shown by the uptake predictions made with our
model for different owner types.

Third, land and tenancy markets, as well as public policies, have largely been unable
to contribute to the adjustment of the forest ownership structure in Portugal. That absence
of adjustment contrasts with the increase in average size of Portuguese farms over the last
30 years [55,56]. Farm structural change is very well documented in post-Second World
War Europe and was promoted by public policies together with the more invisible hand of
market mechanisms [55,57,58]. The supply side of land and tenancy markets, which mostly
correspond to small owners, has been often blamed for hindering structural adjustment in
Portugal. However, since our respondents do not seem adverse to rent or sell their land,
our results suggest that the demand side in these markets should instead be seen as the
weak side, because demand for land would require that land management options exist
that are sufficiently profitable to deliver a positive economic rent.

Fourth, although multi-owner collaboration may be complex, it is the best path for
promoting public interest, in many contexts where non-active and outsourcing-caring
owners prevail, as shown by our predictions. Moreover, in Portugal, policies to promote
market-dependent mechanisms to achieve ownership adjustments have failed where they
were mostly needed [57,59]. Investment dedicated to implement multi-ownership collabo-
rative arrangements under FIZ is also expected to yield a more positive contribution for
the development of declining rural areas, by the promotion of social and economic ties
between the numerous owners involved, which exist even in territories as economically
marginal as Alvares [19].

6. Conclusions

Modeling owners’ choices between delegating management under a multi-ownership
collaboration, renting or selling the land has revealed the most important owner-level
factors affecting those choices and allowed us to explore key context factors. A large
majority of owners opted for either delegating management on a multi-owner arrangement
or transferring land rights through renting or selling the land, whereas only one third
preferred to keep the current situation of individually managing their forest land. Therefore,
there is not an a priori generalized unwillingness of owners to align themselves with policy
strategies to promote management at the landscape level.

The association of passive management with a preference for management delegation
and the fact that smaller owners are not less prone to delegate management were surprising,
given their opposition to what could be deduced from the literature. This invited us to
look more to context variables, such as the economic constraints resulting from harsher
conditions faced by passive-management owners, or the governance rules of legally defined
multi-owner arrangements such as FIZ, when discussing the implementation deficit of
policies aimed at promoting multi-owner collaboration.

The potential of land right transferring through the tenure or land markets was
revealed to be weak as a generalized solution to promote landscape-level management.
Surprisingly this was also not due to a generalized land attachment by (particularly small)
owners, which would block land supply, but seems more related to the weakness of land
demand in the aforementioned markets. Both of these results and discussions underlined
the importance of studying owner-level as well as context factors, such as local constraints
on land productivity, slope-related management costs, governance arrangements and land
market conditions, when it comes to understanding in a systemic way the possibilities for
policy action.

Recognizing the importance of studying owner-level factors to inform policy, we
used our estimated models of owner’s choice to predict choices made by particular owner
profiles. Different owner profiles were revealed to make quite different choices, which
supports our hypothesis that the best policy depends on the local owner profiles.
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This study also provides a method to select the policy strategy (multi-ownership
collaboration, coordination by third party, or structural adjustment) best fitting a particular
area with a specific pattern of owner profiles. Because they are context-dependent, best
policy strategies are not transferrable across areas with different contexts and different
patterns of owner profiles. For example, in areas where large-scale private ownership and
better land prevail and wildfire-hazard is lower, the benefits of multi-owner collaboration
would be much lower. While predictions of uptake by owners of different options are
also not transferable to areas with different patterns of owner profiles, our model can be
transferred to yield these predictions in a different area, provided that the range of variation
of the owner-level factors in that area is not completely outside the data we used for model
estimation. These predictions can then be used to provide support to select the best policy
strategy in that area. More generalized models can be estimated in future research based on
broader data sets, including wider variation of owner-level factors and new factors within
the set of dimensions included in the framework developed in this study. Broader data
sets including significant context variation could also be used to estimate the effects of
context variables.
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Appendix A

Table A1. Backward stepwise MNL model.

FIZ Management
Delegation

Land Renting for a Good Price
to a Paper Pulp Company

Land Selling for
a Good Price

β Exp(β) (#) β Exp(β) (#) β Exp(β) (#)

Intercept 0.60 −0.63 0.74
[OF] Non-primary Sector Income~ 0.40 1.49 0.85 (*) 2.34 −0.96 0.38

[OF] Non-resident 1.11 *** 3.02 0.26 1.29 0.43 1.53
[SC] Bridging Capital −0.90 * 0.41 0.00 1.00 0.45 1.56

[FMP] Last Planted after 1998~ −0.74 * 0.48 0.39 1.48 −1.23 ** 0.29
[FMP] At Least One PI −0.86 (*) 0.42 −1.48 ** 0.23 −1.56 *** 0.21

[FP] With Renting Lease 0.62 1.86 1.65 ** 5.20 −0.03 0.97
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Table A1. Cont.

FIZ Management
Delegation

Land Renting for a Good Price
to a Paper Pulp Company

Land Selling for
a Good Price

β Exp(β) (#) β Exp(β) (#) β Exp(β) (#)

Model Statistics

Model Fit: AIC = 533. BIC = 604;
−2 Log Likelihood = 491.

Likelihood ratio test Qui2 (df:18) = 66. Sig. = 0.000 (<0.05);
Goodness of fit: Pearson Qui2 (df:603) = 646. Sig = 0.110 (>0.05)

McFadden Pseudo R2 = 0.117
Number of observations: 220

Note A.1.1: The reference category is “Individually managing the land”; Note A.1.2: Significant at 1% ***; 2.5% **,
5% *, 10% (*). Indicated in Bold until 5%. Note A.1.3: italic~ variable that remained on the model obtained by
backward stepwise when comparing with the overall model. Note A.1.4: (#) for readability purposes in the case
of significant negative Exp (β) values we also present in brackets the equivalent odd ratio value for the inverse of
the variable, as it would have a positive (influencing factor) effect.

Table A2. Alternative MNL models including different ownership size variables (discarded).

Model
Model Fit Likelihood Ratio

Test Goodness of Fit McFadden
Pseudo R2

Number of
Observations

AIC BIC −2 LL Qui2 df Sig. Pearson
Qui2 df Sig.

Forest and Property [FP] 58 89 40 21 6 0.002 0.39 3 0.942 0.038 221
Forest and Property [FP] +

Ownership size ˆ 357 397 333 24 9 0.004 284 258 0.127 0.046 205

Forest and Property [FP] + Ownership
size above 10 haˆ 91 131 67 24 9 0.000 9 12 0.706 0.045 205

Forest and Property [FP] + Ownership
size above 4 haˆ 86 126 62 27 9 0.001 6 12 0.903 0.051 205

Forest and Property [FP] + Ownership
Size below 4 haˆ and Ownership Size

between 4 and 10 haˆ
120 170 90 30 12 0.003 20 21 0.490 0.057 205

Note A.2.1: ˆ this variable was not statistically significant (wald) when added to the model, although it was
adequately fitted statistically.
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