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González-Garcı́a and Esperanza Ayuga-Téllez
Comparison of the Economic Value of Urban Trees through Surveys with Photographs in
Two Seasons
Reprinted from: Forests 2018, 9, 132, doi:10.3390/f9030132 . . . . . . . . . . . . . . . . . . . . . . . 15
Guillaume Peterson St-Laurent, George Hoberg and Stephen R. J. Sheppard
A Participatory Approach to Evaluating Strategies for Forest Carbon Mitigation in
British Columbia
Reprinted from: Forests 2018, 9, 225, doi:10.3390/f9040225 . . . . . . . . . . . . . . . . . . . . . . . 28
Xabier Bruña-Garcı́a and Manuel F. Marey-Pérez
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Preface to ”Participatory Forestry:
Information and Science”

Involvement,

The concept of “participatory forestry” has developed in order to bypass the limits of the
top-down approach in forest resource management and to facilitate decision implementation
by resolving conﬂicts during the decision-making process.

From a theoretical point of view,

the participatory process in forestry must be inclusive, voluntary, fair, and transparent to all
participants; based on participants acting in good faith; and complementary to legal requirements.
From a practical point of view, in many cases, the participatory process is based on formal but
not substantial involvement of stakeholders and/or citizens (i.e., passive participation, participation
in information giving). Therefore, the scientiﬁc community has a duty to improve techniques and
methods for efﬁcient public involvement in decision-making processes and to disseminate research
results to targeted audiences and the wider public.
In the post-positivist approach, public participation is considered to be an instrument to
ensure the democratization of the policy-making process and to improve the quality of information
provided to make appropriate policy decisions.

Conversely, in the traditional policy-making

process, decisions are made through a top-down approach in which public involvement is absent
or limited to a consultation of organized groups.

Citizens involvement in policy formulation

and the implementation process is considered to be the basis of participatory democracy theory.
The main advantages of public participation in the policy-making process are related to the fact
that (i) stakeholder involvement encourages the collection of inputs for the development of shared
policies, programs, and actions; (ii) stakeholders’ skills, knowledge, and awareness increase, gaining
citizenship capacity (decision effectiveness); (iii) participation constitutes a prerequisite for public
acceptance of decisions (social acceptance); and (iv) participation reduces the potential conﬂicts
between stakeholders with different interests.
In the last few decades, public participation in forestry has become increasingly important in
order to include traditional and local knowledge, social needs, and opinions in the decision-making
process, but, in many contexts, the involvement of the local community and stakeholders is still not
a very common practice. The key points of the debate are as follows: the level of inclusiveness
and the modality of involvement. Regarding the level of inclusiveness, it is essential to distinguish
between public involvement and stakeholder participation. In the ﬁrst, the social actors involved in
the process are the public in general, while, in the second, the social actors are the stakeholders,
who can be deﬁned as any group of organized people who share a common interest or stake
in an issue (i.e., associations, organizations, and institutions). This distinction is based on the
substantial difference between the interest group participation approach and the direct citizen
participation approach. In the interest group participation approach, the equal participation of
different interest groups, in order to incorporate all relevant interests, is the key concept. Conversely,
in the direct citizen participation approach, the inclusion and representation of citizens in the
decision-making process is a prerequisite, while organized groups are considered to be a potential
obstacle to democracy.
Regarding the modality of citizen and/or stakeholder involvement, several participatory
techniques and methods—e.g., focus groups, public meetings, scenario workshops, world café,
ﬁshbowl, open space—which are more or less suitable based on the project objectives and the
level of inclusiveness desired, are described in the international literature . The main aim of this
ix

Special Issue titled Participatory Forestry: Involvement, Information and Science is to address the topic of
public participation and stakeholder involvement in forestry from different scientiﬁc perspectives
and points of view.

The twelve published papers analyze the participatory process in several

scientiﬁc ﬁelds—e.g., forest policy and governance, forest planning and management, and nature
conservation—in order to increase scientiﬁc knowledge and stimulate the debate on the bottom-up
approach in forest resource management.
Alessandro Paletto
Special Issue Editor
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The Contribution of Traditional Ecological
Knowledge and Practices to Forest Management:
The Case of Northeast Asia
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Abstract: This study aims to introduce the potential applicability of traditional ecological knowledge
and community forestry in Northeast Asia, including China, Japan, and South Korea. In ancient
Northeast Asia, forest policies and practices were based on Fengshui (an old Chinese concept
regarding the ﬂow of vital forces), with which forests were managed under community forestry.
However, these traditional systems diminished in the twentieth century owing to the decline of
traditional livelihood systems and extreme deforestation. Recently, legacies from traditional ecological
knowledge and community forestry have been revisited and incorporated into forest policies, laws,
and management practices because of growing needs for sustainable forest use in China, Japan, and
Korea. This reevaluation of traditional ecological knowledge and community forestry has provided
empirical data to help improve forestry systems. Although traditional ecological knowledge and
community forestry in Northeast Asia have been scarcely theorized, they play a signiﬁcant role in
modifying forest management practices in the face of socioeconomic changes.
Keywords: community forestry; forest history; forest management practice; traditional knowledge

1. Introduction
The presence of a relationship between traditional ecological knowledge and forest management
practices is undeniable [1]. Traditional ecological knowledge implies legacies inherited across
thousands of years of interaction between humans and their surroundings [2], which were used
to develop forest management practices in ancient societies [3,4]. Although much of the traditional
knowledge and many practices have faded owing to the broad use of modern forestry systems, legacies
remain in current societies, with which the applicability of traditional ecological knowledge can be
piloted [5]. This contributes to enhancing the understanding of socioeconomic systems and forest
ecosystems [6,7], and encourages research that focuses on traditional ecological knowledge in terms of
forest management [8,9]. Therefore, many countries have acknowledged the importance of traditional
ecological knowledge for forest management [10,11].
China, Japan, and South Korea in Northeast Asia are characterized by a long history of forest
management. Ancient Northeast Asian societies relied on forests for timber, fuel, and resources for
agriculture, and considered forests to be vital and holy places [12]. This importance of forests forced
ancient societies to develop diverse forest policies and practices to foster forest resources. For example,
documents have been found reporting afforestation activities, forest resource monitoring, pest control
activities, and pruning works in Korea in the third, eighth, fourteenth, and eighteenth centuries,
respectively (Table 1). Other records indicating long histories of forest management have also been
found in China and Japan [3,4].
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Table 1. Major forest management policies and practices of the ancient Korean kingdoms [13–16].
Century

Policies and Practices

Third

Pinus densiﬂora Sieb. and Zucc. afforestation near royal tombs and palaces
Afforestation and replanting of Pinus koraiensis Sieb. and Zucc., Juglans mandshurica Maxim.,
and Morus alba L.
Castanea spp. and Pyrus spp. orchard establishment
Law deﬁning punishiment aginst ilegal logging and forest ﬁre setting in Pinus densiﬂora forests
Law establishing locally specialized ofﬁces for selecting plantation species according to economic
values and local environments
Promotion of community forestry groups for patrolling local Pinus densiﬂora forests
Encouragement of pruning activities of Pinus densiﬂora seedlings
Promotion of land clearing and weeding activities in young Pinus densiﬂora plantations

Eighth
Tenth
Fifteenth
Fifteenth
Seventeenth
Eighteenth
Nineteenth

In the twentieth century, Northeast Asia faced rapid socioeconomic changes accompanied by forest
transitions. The economies of China and Japan grew rapidly, and the demand for timber and charcoal
grew as well. Accordingly, forests in China were frequently overexploited beyond the allowable quotas
as a result of economic growth-oriented development [17,18]. Although forests in Japan were relatively
well preserved, many naturally regenerated forests were replaced by monoculture plantations for
timber or other land use types [9,19]. South Korea experienced severe deforestation during the
same period, owing to Japanese colonization and the Korean War [20]. However, the national forest
restoration programs in South Korea successfully restored forest ecosystems with liberalization of
timber imports and substitution of energy sources [21].
Because China, Japan, and South Korea have successfully fostered the nations’ forest resources in
contrast to the other Northeast Asian countries [22], the case of the three countries could be helpful
to improve the sustainability of the forestry sector [19]. Nonetheless, current forestry systems rarely
integrate knowledge from these countries because of the poor understanding of the legacies from
traditional ecological knowledge and practices in ancient Northeast Asian societies. Limitations
in the historical, quantitative data in this region further hinder assessment of the applicability of
traditional ecological knowledge and practices for the forestry sector and the actual use of the legacies
accordingly [7].
The current study aims to provide an overview of the potential applicability of traditional
ecological knowledge and practices, especially community forestry, related to forest management in
Northeast Asia. Speciﬁcally, we explore traditional knowledge and practices in ancient Northeast Asia,
and the legacies from the traditions that remain in modern China, Japan, and South Korea. Due to the
limited availability of historical data, quantitative approaches were not used for this objective.
2. Traditional Ecological Knowledge and Practices in Ancient Northeast Asia
2.1. The Fengshui Concept within Forestry
Ancient societies in Northeast Asia dealt with local socioeconomic conditions and natural
environments managed on the basis of vast experience and old beliefs. Fengshui (an old Chinese
concept concerned with the ﬂow of vital forces and substances across a landscape) was one of them.
Whether Fengshui entails an understanding of natural phenomena remains a topic of debate because
its rationale and reliability have been scientiﬁcally untested [23,24]. Nonetheless, it is important to note
that this concept, as part of traditional ecological knowledge, affected forest management practices in
ancient Northeast Asia [3,25,26]. The issues regarding Fengshui itself were not addressed, in order to
focus on its relationship to ancient Northeast Asian forestry.
According to original Chinese traditions, the main focus of Fengshui was land planning and
management through harmonizing human settlement with all of its natural surroundings [12]. As one
way to achieve harmonization, the Fengshui concept speciﬁed the optimal location for afforestation.
The basic afforestation strategy was to locate human settlements on sites surrounded by mountains
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and hills, and to ﬁll up the bare “entrances” and “backyards” of the settlement through afforesting
them [23]. Such forests were believed to improve the landscape by adjusting the ﬂow of vital forces and
substances [4,23]. Afforested lands were regarded as holy, religious, and even scary places according
to Fengshui. Consequently, Fengshui acted as a cultural background to foster and protect local forests
for the villagers, and helped in the acquisition of forest products in ancient Chinese society [27]. This
attitude to forests based on Fengshui migrated to other countries, such as Japan and Korea, and
inﬂuenced forest management practices in those countries as well [7].
Fengshui-based forestry in ancient Northeast Asia was adjusted to local experience and knowledge
on topography, climate, and tree species. Ancient villagers living on riversides changed the basic
afforestation strategy to prevent ﬂooding and soil erosion by planting water-tolerant tree species
between the village and river [26]. In coastal areas, they altered the strategy to establish windbreak
forests, consisting of salt-tolerant species such as Pinus thunbergii Parl., alongside the sea coast [28].
It was also applied to more practical forest management purposes than the original land planning
and management concepts. One signiﬁcant example of the practical Fengshui application was
the community forest (afforested lands near villages shared for various purposes by the villagers).
Community forests, such as Fengshui forests in China, Satoyama (village mountains) in Japan, and
Maeulsoop (village groves) in Korea, were widespread in ancient Northeast Asia because of the
common cultural afforestation practiced on the basis of Fengshui [7]. These forests allowed water,
organic matter, and nutrients to circulate between the forests, croplands, and village, as they connected
these natural and anthropogenic components according to Fengshui [4,29] (Figure 1). Therefore,
community forests in Northeast Asia were important for the livelihoods of ancient society, such as the
supply of timber, fuel, fodder, and compost for agriculture and residence [4,30].

Figure 1. Types of the traditional community forests based on Fengshui in Northeast Asia (modiﬁcation
of the conceptual ﬁgures in [4,30]).

Community forests based on Fengshui were also implemented to protect both natural environments
and human settlement (Figure 2). Some community forests on the mountain behind villages fulﬁlled
this role by reducing soil erosion and landslide from steep slopes [3,19]. Like Satoyama—implemented
for protection purposes in Japan—and “Bibo” (help and improvement) forests in Korea, the forests
for such protective purposes enclosed houses, villages, or coastlines [25,31,32]. These forests were
important for livelihoods in ancient Northeast Asia because they controlled village microclimates by
preventing ﬂooding [3,26], acting as windbreaks [25,28,31], and connecting forest patches [32,33].
3
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Figure 2. A community forest in Gwangyang, South Korea. The forest is located near croplands and
residential area to prevent strong wind and ﬂooding.

2.2. The Historical Forest Policies and Practices
Many old records show that ancient kingdoms in Northeast Asia may have established diverse
forestry policies and laws based on their experience and knowledge. For example, ancient policies
and laws speciﬁed the way to manage forests in accordance with the characteristics of tree species
and the site conditions. In ancient China, fast-growing water-tolerant species such as Salix spp. were
afforested on hill slopes near rivers to prevent ﬂooding and landslide in the tenth century [3]. Although
naturally regenerated oak forests were widespread in Japanese Satoyama, Pinus densiﬂora Sieb. and
Zucc., trees were instead selected in dry and infertile conditions [9,10]. In the seventeenth century,
Cryptomeria japonica D. Don, Chamaecyparis obtusa Sieb. and Zucc., and Pinus densiﬂora trees were
recommended in Japan for plantations in moist valleys, on mountainsides, and on dry mountain ridges,
respectively, according to these species’ tolerance to dry conditions [14,34]. In addition, an ancient
Korean kingdom in the ﬁfteenth century had a law establishing locally specialized ofﬁces, which
selected the plantation species in accordance with the local environmental conditions and the value
of each species [15]. This ancient Korean kingdom planted Pinus densiﬂora trees in dry and infertile
areas in the ﬁfteenth century as this species is more tolerant to water and nutrient shortages than
competitive broadleaf trees [35]. This kingdom also applied intensive forest management practices,
such as land clearing, weeding, and pruning practices, to young Pinus densiﬂora plantations in the
eighteenth and nineteenth centuries according to the growth characteristics of Pinus densiﬂora [28].
Ancient kingdoms also concentrated on forest protection, by considering the productive and
protective functions of forests [13,24]. One ancient Chinese kingdom had a law deﬁning allowable
periods for ﬁre setting for slash and burn farming to reduce hazardous forest ﬁre in the eleventh
century [3]. Between the ﬁfteenth and twentieth centuries, an ancient Korean kingdom politically
protected Pinus densiﬂora, and did not permit private logging in selected lands, especially those
containing mature Pinus densiﬂora forests such as “Geumsan” or “Bongsan” (forbidden mountains) [14].
Because government did not have enough labor to protect all forbidden forests from illegal logging
and poaching, the ancient kingdom needed to cooperate with local groups. This situation forced the
kingdom to strengthen the authority of local groups for self-organization and punishment [16], and
resulted in the reinforcement of community forestry systems by villagers (see below).
2.3. Community Forestry
Forestry in ancient Northeast Asia featured community forestry systems for managing and
utilizing the shared forests afforested according to the concept of Fengshui. Because community forests
were important in terms of religion and livelihood, local groups attempted to sustain them by sheltering
them from natural and anthropogenic disturbances [36]. Local groups established self-regulatory rules
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for community forests deﬁning the permitted ways of wood harvesting, duties of forest patrols, and
even stricter punishment for illegal forest use than government laws [4,13]. As local villagers mostly
provided the labor for implementing government policies and laws (see Table 1 and Section 2.2),
traditional community forestry was important for silviculture as well [35].
In China, there were local groups, such as Cuiguimingyue (village regulation and customary
law) in Guizhou Province, that were oriented speciﬁcally to forestry [7]. Local villagers organized
Cuiguimingyue by themselves, and developed rules to sustain local forest resources and conserve
forests for symbolic and religious purposes [27]. This local group attempted to protect community
forests through prohibiting logging of old trees, fuelwood collection from other villager’s private
forests, and setting forest ﬁres [37]. Cuiguimingyue immediately punished villagers who violated
the regulations protecting the forests, as government ofﬁcers had no capacity to monitor these issues
arising in the individual villages [27].
Rural villagers in Japan also shared resources from local forests. Villagers cooperated to
collect wood for fuel, charcoal, and construction, and to protect local forest resources from
overexploitation [19,30]. This form of local groups also dealt with post harvesting forest regeneration,
mainly by coppicing of hardwood species [10]. The local groups in Japan focused on the collaboration
of forestry and agriculture. Villagers collected fallen leaves and twigs as compost to fertilize cropland
soils, and strengthened the community agreement by regulating the allowable period and amount of
compost harvesting [30,38].
In Korea, Songgye (private Pinus densiﬂora cooperative) operated as a local pine forestry
cooperative from at least the seventeenth century to the early twentieth century because of the ancient
Korean kingdom’s Pinus densiﬂora conservation policy (Table 1) [13]. Although Songgye originated
from wood protection policies of the ancient Korean kingdom for government uses, it also acted
as a local group for community forestry [13,39]. The primary objective of this group was to patrol
local Pinus densiﬂora forests and issue ﬁnes for illegal logging of Pinus densiﬂora, thus protecting the
forests from natural and anthropogenic disturbances [36]. This local group contributed to constructing
an emergency contact network for watching forest ﬁres especially in dry seasons [13]. Members of
Songgye often cooperated to construct and repair trails to Pinus densiﬂora forests near their village [40].
It also led the villagers to cooperate in wood collection and distribute the collected wood at low
prices [13]. Although this form of local group is not currently active, such activities contributed to
sustaining local pine forests and their associated livelihoods in ancient Korea [39].
3. Implementation of Traditional Ecological Knowledge and Community Forestry in Modern
China, Japan, and South Korea
3.1. China
In the mid-twentieth century, the political priority of the Chinese government was to reconstruct
the nation’s economy, and overcome poverty and backwardness [17]. This growth-oriented economic
policy elevated timber and charcoal use for construction and steel making, and promoted large-scale
logging operations [41]. Such logging operations frequently resulted in timber overexploitation beyond
the allowable quotas [18], and the destruction of the traditional Fengshui forests [27]. In addition to
contributing to global climate change, this overexploitation of the forests has led to serious deforestation
and desertiﬁcation in China [41].
Since the mid-1980s, the Chinese government has been concentrating on forest protection
through rehabilitating natural forests, afforesting marginal croplands, decelerating desertiﬁcation,
and establishing timber forests with low environmental impacts [41]. To reduce private forest
overexploitation, the Chinese government attempted to revisit the applicability of Chinese community
forestry traditions. In particular, the community forestry and forest protection cultures in the
southern part of China were reconsidered as management alternatives for forestry and biodiversity
conservation [7,27,42].
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Anhui, Sichuan, and Yunnan Provinces have received model projects incorporating traditional
community forestry [43]. These projects used local traditional ecological knowledge and practices to
adjust modern knowledge and techniques to local environments. For example, such an approach has
been piloted from the early twenty-ﬁrst century in Yunnan Province, where villagers relied on the
traditional shifting cultivation system, consisting of a short cropping phase and long forest fallowing
phase [44–46]. In this region, traditional shifting cultivation was combined with the rotational tree
planting and harvesting part of the modern forestry concept [46]. Project staff and workers asked
farmers to share indigenous knowledge of native, economically valuable crops and tree species, and
actively participate in selecting tree rotation age, monitoring pilot sites, and evaluating the piloted
approach [44]. They have educated local farmers on how to establish local societies for community
forestry, and provided alternative energy sources and energy saving techniques to prevent forest
overexploitation [43]. Through these activities encouraging villagers’ participation, modern knowledge
and techniques (e.g., rotation age and species selection) have been further adjusted in the context of
local traditional ecological knowledge and thus contributed to forest resource protection as well as
local economy [44,46]. Accordingly, the model projects in Yunnan Province have provided information
to reinforce the applicability of the traditions to the forestry sector.
China recently established and modiﬁed policies and laws to support governmental projects
aiming at the protection and sustainable use of forest resources [43]. The Chinese government issued
the modiﬁed version of the Forest Law of the People’s Republic of China in 1998, which declares the
rights of autonomy and economic beneﬁt for ethnic minorities in the forestry sector in addition to
the general principle for the nation’s forestry [47]. It helps facilitate local villagers’ participation in
the protection of forests on the basis of their traditional ecological knowledge and practices, such as
Cuiguimingyue [48]. Other policies and laws, such as the Law of the People’s Republic of China on
Land Contract in Rural Areas and the Collective Forest Tenure Reform, deﬁne rights and ways for
villagers’ participation in resolving conﬂicts and making decisions in relation to the management and
use of forests [43,45,48].
3.2. Japan
The post-war economic growth in Japan has revolutionized energy sources, chemical fertilizers,
and building materials, and diminished the usefulness of the traditional Satoyama system for obtaining
timber, fuelwood, charcoal, and compost [29]. Commercial monoculture plantations or urban areas
replaced many natural forests, although forests in Japan were relatively well established [9,49].
However, inexpensive foreign timber imports and an aging rural population have reduced domestic
timber production since the 1960s [34]; consequently, both traditional community forests and
monoculture plantations were abandoned without taking into account public interests and appropriate
management operations [19]. This forest underutilization has become a serious issue in Japan, as the
structure of unmanaged forest can shade out understory vegetation and cause soil erosion and
biodiversity loss [7,30,50].
To tackle afforestation, traditional ecological knowledge and practices were used in terms of the
selection of plantation species. Similar to the ancient kingdoms, plantation species selection in Japan
was originally based on topography, climate, and soil properties as well as the characteristics of the tree
species [15]. This species selection system was adjusted in the twentieth century with consideration
given to proﬁtability and manageability (such as pest tolerance) to relieve forest underutilization and
abandonment [15].
Since the twentieth century, Japan has actively revisited traditional ecological knowledge and
practices in terms of the sustainability of the forestry sector. The Japanese government has initiated
projects targeting the harmonization of human society with nature and, since 1994, has identiﬁed the
restoration of the traditional Satoyama system as an important strategy [9]. The applicability of the
traditional community forestry system has been piloted at several prefectures including Okayama,
Kanagawa, Kyoto, and Ishikawa to activate the management and use of abandoned community
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forests [9,38]. These projects have been combined with activities of local cooperatives to pilot traditional
concepts and community forestry for diverse rural societies in mountainous, grassland, and suburban
areas. In Ishikawa prefecture, the local government introduced Ishikawa Forest Environment Tax in
2006 and Satoyama Creation Fund in 2011, both of which aim to assist the restoration of the traditional
satoyama landscape and management of abandoned plantations [51].
The Japanese government and the United Nations University jointly started the Satoyama
Initiative at the Conference of the Parties (COP 10) in 2010. This initiative has promoted the
reassessment of community forest traditions around the world, and attempted to integrate such
traditions into modern forestry systems [10,29]. The concept of the Satoyama Initiative has migrated to
other countries that share the community forestry tradition, and stimulated a reevaluation of traditional
ecological knowledge and practices related to forests [10,52].
Monitoring studies have shown that the remaining Satoyama landscapes contribute to ecosystem
functioning. Traditional coppicing in Satoyama has higher potential for carbon sequestration than
modern forestry systems, consisting of intensive thinning activities [53]. Furthermore, high landscape
connectivity among forests, croplands, and water sources within conserved Satoyama signiﬁcantly
served as sites for nesting and foraging of birds, such as Butastur indicus Gmelin [54]. Because
of the high landscape connectivity, Satoyama also provides habitats for the entire lifecycle of
insects, including Luciola cruciata Motschulsky, Ranatra chinensis Mayrt., and Apis cerana japonica
Radoszkowski [30,54,55]. This reﬂects the potential negative impacts of the decline of Satoyama
as a result of forest underutilization and urbanization on biodiversity and proper ecosystem
functioning [54,56].
3.3. South Korea
Japanese colonization and the Korean War extensively destroyed forests in the Korean peninsula
until the mid-twentieth century [20,21] (Figure 3). The traditional Maeulsoop have declined because
of colonization and warfare [13], and subsequent construction-oriented village development [28].
Accordingly, the traditional community forestry groups, such as Songgye, became obsolete [39].
The South Korean government has developed diverse forest restoration programs since the 1960s,
including large-scale reforestation activities and nursery management combined with a substitution of
energy sources from fuelwood to fossil fuel [21,57].

Figure 3. (a) Deforested lands in the mid-twentieth century (Photo from the Korea Forest Service) and
(b) revegetated forests after the national forest restoration programs in South Korea.

The forest restoration programs utilized much traditional ecological knowledge and practices.
Like the rules of the ancient kingdoms, the South Korean government listed the locally specialized
plantation species taking into account climate, topography, and soil fertility after the national
soil survey conducted during the 1970s [15]. The fast-growing or nitrogen-ﬁxing species were
recommended for degraded and infertile lands but more economically valuable species were selected
7
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for relatively fertile lands (Table 2). The government also adopted intensive weeding, pruning, and pest
control practices from the ancient policies (Table 1), and widely applied such practices to the young
plantations from 1973 to 1978 to increase the survival rate of planted seedlings [58]. The current South
Korean forestry system has inherited these forest management practices and tree species selection
concept [15].
Table 2. Plantation species for the national forest restoration programs of South Korea in the 1970s [15].
Site Index *

(1)

(2)

(3)

(4)
(5)

Cool Temperate Central
Region

Cool Temperate Southern
Region

Larix kaempferi (Lamb.) Carr.,
Castanea crenata Siebold &
Zucc., Populus spp.
Larix kaempferi, Castanea
crenata, Populus spp.,
Pinus koraiensis
Populus spp., Pinus koraiensis,
Pinus thunbergii Parl., Robinia
pseudoacacia L.
Pinus rigida Mill.,
Pinus thunbergii,
Robinia pseudoacacia
Alnus japonica (Thunb.)
Steud., Pinus rigida

Cryptomeria japonica D. Don,
Paulownia coreana Uyeki,
Castanea crenata
Chamaecyparis obtusa Sieb. and
Zucc., Populus spp.,
Castanea crenata
Populus spp., Pinus thunbergii,
Chamaecyparis obtusa,
Robinia pseudoacacia

Warm Temperate Region
Cryptomeria japonica,
Paulownia coreana, Castanea
crenata
Chamaecyparis obtusa,
Cryptomeria japonica,
Paulownia coreana
Pinus thunbergii,
Chamaecyparis obtusa

Pinus rigida, Pinus thunbergii,
Robinia pseudoacacia

Pinus rigida, Pinus
thunbergii, Robinia
pseudoacacia

Alnus japonica, Pinus rigida

Alnus japonica, Pinus rigida

Site Index * was based on topography (e.g., altitude, slope, and aspect) and physicochemical properties of soils
(e.g., parent material, depth, texture, moisture, organic matter, and hardness).

The other important strategy originating from traditional ecological knowledge and practices of
the ancient Korean kingdoms was the participation of the public in forest restoration programs. The
South Korean government established a national tree planting period between 21 March and 20 April,
to encourage public participation [20]. Since 1951, a local participatory group, Sallimgye (private forest
cooperative), has been established under the government’s policies and laws [59]. The structure and
activity of Sallimgye were similar to those of the traditional Songgye in ancient Korea [60]. The group
consisted of local villagers living near a target reforestation site, who primarily provided labor to carry
out government reforestation activities. This local group led villagers’ participation in seed collection,
nursery operation, and forest patrol, while the allocated beneﬁts from local forests, including fuelwood,
timber, and fruit, went to the villagers [57].
The forest restoration program with traditional ecological knowledge and practices beneﬁted
livelihoods. Areas reforested with fast-growing trees (e.g., Robinia pseudoacacia L.) provided more than
29 million Mg of fuelwood for heating and cooking from 1973 to 1988, and those with Castanea crenata
Sieb. and Zucc. produced 30 thousand Mg of chestnuts for consumption from 1976 to 1987 [57]. These
forest products afforded additional energy and food sources to local people during that period [57].
Reforestation also contributed to the protection of residential and agricultural areas by reducing the
risk of natural disasters, such as landslide and ﬂooding [61].
After intensive economic growth and urbanization, raising awareness of sustainability and
ecosystem services resulted in a reevaluation of traditional community forests. To conﬁrm the value
and applicability of traditional practices, empirical data from Songgye, including old documents and
oral histories, have been collected and analyzed from the early twenty-ﬁrst century [40]. The structure
of Songgye in the twentieth century was analyzed to ﬁnd factors leading to the decline of Songgye
and assess the potential applicability of traditional community forestry in current societies [39].
In addition, ecological monitoring found that conservation of Maulsoop could be applicable to reduce
wind speed and evaporation; contribute to water conservation during spring, a dry season of the
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Korean peninsula [31]; and protect plant diversity—one of the strategies for improving landscape
connectivity [33].
Due to the reevaluation of traditional ecological knowledge and practices, the Korea Forest
Service has restored more than 70 Maeulsoop since 2003, which are principally used for recreation,
education, and tourism [62]. The restoration consists of not only reforesting degraded Maeulsoop,
but also collecting diverse information including oral or documented history, area, ownership, and
species composition of each Maeulsoop to modify restoration strategies according to natural and
socioeconomic conditions [62]. A nongovernmental organization, Forest for Life, has collaborated with
the Korea Forest Service and local committees to preserve the traditional Maeulsoop and surrounding
landscape [63]. This organization has provided subsidies for the restoration of several Maeulsoop, such
as Yondangsoop in Gyeonggi Province in 2005 [62], and has attended town meetings and workshops
to exchange perspectives among participants concerning the restoration project [63].
4. Implications
Socioeconomic changes stimulated the implementation of traditional ecological knowledge
and community forestry to improve forest management systems in China, Japan, and South Korea.
Post-war economic growth in China and Japan accompanied forest overexploitation in China and
forest underutilization in Japan (Figure 4). In South Korea, the national level of deforestation after
colonization and warfare forced the country to develop strategies for restoring the nation’s forest
ecosystems (Figure 4). In the twentieth century, these changes acted as critical issues, to which previous
forest management practices had to adapt.

Figure 4. Role of traditional ecological knowledge within the forestry sector in modern Northeast Asia.

Given these changes, traditional ecological knowledge and practices were applied to adjust
forest management practices (Figure 4). The Chinese government encouraged the community
forestry tradition for the national cropland afforestation program [44,46]. Japan and South Korea
implemented the old plantation species selection concept using environmental conditions to relieve
forest underutilization and improve the forest restoration strategy [15]. Especially in South Korea, the
national forest restoration programs used diverse traditions related to plantation species selection,
intensive weeding and pruning practices, and community forestry in the mid-twentieth century [16,58].
For such applications, traditional ecological knowledge and practices tended to combine with modern
knowledge of proﬁtability and manageability or large-scale soil monitoring activities.
One important trend was that China, Japan, and South Korea reevaluated the applicability of
the community forestry tradition for restoring and sustaining the nations’ forests. The reevaluation
included not only restoring community forests and traditional community forestry, but also installing
political alternatives and paying subsidies to support the restoration. All three countries recently
established laws and policies to promote public participation in forestry and the restoration of
community forests [38,48,60]. With this political support, community forestry traditions have been
9
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implemented and have helped address forest overexploitation in China, forest underutilization in
Japan, and deforestation in South Korea [9,54].
Monitoring of the pilot sites has provided empirical data that supports the importance of
the contribution of traditional ecological knowledge and practices to the forestry sector (Figure 4).
Monitoring studies have detected higher biodiversity and habitat connectivity in traditionally protected
forests than in disturbed forests [33,42,54]. Such traditionally protected forests also appear to enhance
village microclimates by controlling wind speed and air humidity [25,31]. The restored community
forests have been used for recreation and environmental education concerning socioecological
system resilience as well as biodiversity conservation [7,30]. The pilot projects have also contributed
to resolving the loss of social connections and community forestry activities, left behind by the
degradation of rural society [9,37,62]. These recent experiences demonstrate the importance of
traditional ecological knowledge in the forestry sector [1].
Several factors aided in the implementation of traditional ecological knowledge and practices.
A decentralized system played a role because it enabled villagers to directly distribute and beneﬁt
from the revisited traditional ecological knowledge and practices [9,57]. The partnership between the
government and private sectors stimulated the establishment of the decentralized system, and technical
and ﬁnancial support for the projects [51,62,64]. Localizing modern techniques using traditional
and indigenous knowledge also assisted the reevaluation and implementation of the traditional
systems [44,46]. These implications may be helpful for the other Northeast Asian countries, which
share a similar culture but suffer from severe loss of forest resources [22]. Particularly, the North
Korean government has been promoting community forestry to overcome extreme deforestation, but it
has not been scaled up to a national level owing to political, institutional, and ﬁnancial constraints [65].
We suggest that the experiences of utilizing traditional ecological knowledge and practices in China,
Japan, and South Korea are applicable to deal with the constraints hindering forest restoration projects
in North Korea.
It is noteworthy that the recent implementation of traditional ecological knowledge in China,
Japan, and South Korea is not a strict revival of traditions. The primary objective of projects applying
traditional ecological knowledge and practices was the improvement of the local economy and forest
resources [64,66]. Many restored community forests have been used for more practical purposes
(e.g., education, recreation, and cultivation) than traditional ceremonial purposes [46,62]. This situation
changed people’s perspectives of traditional ecological knowledge and practices from old religious
aspects to well-being, and led to the decline of several traditions that did not ﬁt into such alteration [64].
Thus, the consequences of the reevaluation of traditional ecological knowledge and practices should
be further assessed in the context of long-term socioeconomic changes.
Applying traditional ecological knowledge and practices to current forest management practices
still remains challenging despite its beneﬁts. Less intensive forestry systems based on the traditional
concept might not be enough to substitute the modern forestry system, which has satisﬁed the demands
for industrial and commercial forest products [67]. The traditional concept is limited to the pilot level
due to the lack of scientiﬁc understanding on the link between traditional ecological knowledge and the
socioecological system resilience [7]. These issues should be thoroughly considered before applications
of the traditional concept at broader scales. However, the previous trends in China, Japan, and South
Korea reﬂect the importance of traditional ecological knowledge and practices—incorporated into
modern forestry systems—in the face of socioeconomic changes to date.
5. Conclusions
Traditional ecological knowledge and practices in Northeast Asia, consisting of the Fengshui
concept, historical experiences, and community forestry systems, have established a way of managing
and using forest resources in ancient Northeast Asia. These traditional systems had declined in the
twentieth century owing to a decreasing demand for the traditional livelihood systems. Key concepts
of traditional ecological knowledge and practices were recently revived and combined with forest
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management practices in the face of current socioeconomic changes in this region. The empirical
data from monitoring such activities supported the development of forest management alternatives
with traditional ecological knowledge and practices. Before implementing traditional ecological
knowledge and practices beyond the pilot level, several challenges should be overcome: the results of
revisiting traditional ecological knowledge and practices should be clariﬁed along with the long-term
socioeconomic changes; the interaction between traditional ecological knowledge and socioecological
system resilience should be scientiﬁcally understood. However, the reevaluation of traditional
ecological knowledge in China, Japan, and South Korea will be useful to overcome constraints
hindering forest restoration in the other Northeast Asian countries.
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Abstract: Urban trees are generally considered to be a public asset and are an important part of
a city’s heritage. The aim of this work is to analyse the inﬂuence of season on the economic appraisal
of various trees in Madrid. Photographs were taken of 43 individual tree specimens in summer and
winter. The survey was designed to compare differences of opinion in the economic assessment of
trees. The trees were assessed by eight valuation methods used worldwide. A total of 78 agroforestry
engineering students answered a written survey, and the variables considered were: percentage of
students who always evaluated the tree equally (%0), percentage of students who assigned more
value to the summer photograph (%S), and percentage of students who assigned more value to the
winter photograph (%W). The results were analysed by the statistical test of equal proportions and
ANOVA to detect differences according to tree type (evergreen or deciduous), species, and other
groupings made by the authors in previous works. W and S percentages are similar. The ANOVA
analysis rejects the equality of percentages of S and W between groups. The Welch test rejects the
equality of the percentage of S, W, and O between species.
Keywords: appraisal; urban trees; public opinion; photography; summer-winter

1. Introduction
The economic value of urban trees is a monetary reference for the beneﬁts they offer the public.
It reﬂects a variety of factors such as the value of the land where the trees are located, their historic
importance, quality and state of health, the social and environmental beneﬁts they afford, and the costs
associated with their maintenance.
These economic values are obtained from assessment equations or formulas that consider—with
greater or lesser weight—a combination of the above mentioned factors. The appraisal of urban
trees is not an exact science, as it depends on the purposes of the assessment and the assessor’s
experience [1,2]. Each method or formulation takes different variables into account and provides
different results. Numerous methods are used to evaluate urban trees in different regions of the
world, and most deﬁne the value in monetary terms based on an expert’s perception of the tree.
The assessment involves establishing a measurable and objective criterion considering aspects or
variables such as whether the tree stands alone or in a group, its physical deterioration, species and
variety, size, age, and state of health and location, among others [3], along with environmental, social,
and psychological variables [4].
Forests 2018, 9, 132; doi:10.3390/f9030132
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The assessment can therefore be used as one of the bases for making decisions on the management
of these trees and as an instrument for public administration and for society itself. In fact, policymakers
need to have a clear idea of the socioeconomic value of urban asset [5], which necessarily includes urban
trees. This would supplement the maximum probable (or potential) cost estimates of actions designed
to mitigate disasters in cities (including climate change) and to prepare effective risk management
strategies. So, what is the most appropriate method for assessing urban trees in a particular city?
To answer this question, several authors have conducted studies comparing methods for
appraising urban trees. The valuation methods used show important differences [6–11], and the
conclusion is that no method can be used under all conditions [1], making it advisable to combine
capitalization and parametric methods [12]. There is therefore no simple solution to the question,
and each method must be applied after an exhaustive study of multiple factors including the availability
of reliable databases, the proposal of objects for assessment, and possible social repercussions.
This is where the aim of the assessment can be directed towards seeking a method that is closely
aligned with social perception. What percentage of the population would choose one method as
being the most closely aligned with reality? The answer necessarily involves conducting a survey of
the public.
The survey technique is frequently used in issues related to the urban environment for the
purposes of territorial management and planning, and the results serve to outline the managers’
future lines of action. Various works highlight the concern with evaluating the opinion of the public.
Examples include questioning the effects of biodiversity on the perception of urban green spaces [13] by
evaluating the risk to urban trees at the municipal level through surveys of residents [14], while other
studies evaluate the urban forest factors that citizens consider to be the most beneﬁcial [15], or their
recreational preferences [16]. Citizens are also consulted at the level of prevention to assess their
reactions to the negative effects of urban trees in the speciﬁc case of a storm [17]. In all cases,
the knowledge of citizens’ opinions allows future actions to be planned for managing the environment
and can be used to select indicators for establishing new urban forests [18]. However, there are no
studies that compare different appraisals using evaluation methods that consider citizens’ opinions or
perceptions on this subject.
The aim of this study is precisely to assess this aspect. The tool chosen was the photographic
survey. Most studies show that photographs can be used as a valid substitute for aesthetic
judgements [19–22]. Other authors have verified the validity of photographs to assess not only
aesthetic, but also biological, aspects; in the study indicating the validity of photo-based scenic beauty
assessments [23], group-averaged on-site and photo-based assessments were very similar. Repeat
photography has been applied in different works and found to be an efficient, effective, and useful
method to identify region-wide trends in land-use change [24], and provides a reliable and consistent
measurement of phenophase to monitor plant phenology [25]. Similarly, digital photography has
been proved useful for observing the seasonal change in aboveground green biomass and foliage
phenology [26]. It has been demonstrated that the use of photography to evaluate the perception of
forest vegetation and management in urban woodlands can serve as a useful quantitative method
and a complement to conventional methods [27]. Last year, similar results were reported using new
technologies in a comparison of landscapes in Devon (UK) and Asturias (Spain) through on-site visits
and images taken by UAV (unmanned aerial vehicles), revealing a high degree of consensus between
both assessments [28]. Applying the same technology, UAV was used to measure within-season tree
height growth in a mixed forest stand, and the results closely agreed with published ﬁeld observations
for four tree species [29]. However, the photographic survey with images of trees may be conditioned
by the season of the year in which the photographs are taken.
The aim of the present study is to conduct surveys of a population group using photographs of
different trees to determine whether there are statistically signiﬁcant differences in the assessment of
the specimens depending on the season of the year in which the photographs are taken.
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2. Materials and Methods
2.1. Study Area
The study took place in the Forestry and Environmental Engineering School at the Madrid
Polytechnic University in Ciudad Universitaria (Madrid). It has an area of 8.57 ha, of which 7.62 ha
are forested. This green space aims to meet two requirements: to contribute to the regeneration
of the forest in the Ciudad Universitaria and to show students the forest species of most interest.
One characteristic feature of this space is that it has a high diversity. There are 2978 individuals in the
arboretum inventory, corresponding to 129 different tree species [8].
2.2. Survey Design
The survey was designed to compare the differences in opinion expressed by the public
in regard to the economic value of the specimens, and the inﬂuence of the season on this
appraisal. The respondents were shown photographs of 42 tree specimens belonging to 12 species.
The photographs were taken with a digital camera (Canon EOS 450D, 18–55 mm, Canon Inc., Tokyo,
Japan) from the same point of view and by the same person in two different seasons: one in June,
which we call the summer photo (S); and another in December, which we call the winter photo (W).
Of the 42 specimens selected, 27 are evergreen species and 15 are deciduous. The 42 trees were
divided into four groups based on other characteristics (see [8]), as follows: Freq group (most abundant
species in the city of Madrid, 21 specimens); Max group (species with the greatest economic value
in all the methods analysed, seven specimens); Min group (species with the lowest economic value
in all the methods analysed, seven specimens) and Sin group (species considered as singular trees,
seven specimens).
Table 1 shows the selected species and the number of specimens, in addition to the leaf type and
the group to which they belong.
Table 1. Specimens selected in the study grouped by their factors.
Species (SP)

Leaf Type (Type)

Group

Number of Specimens

Cupressus arizonica Greene
Pinus pinea L.
Platanus × hybrida Brot.
Quercus suber L.
Ailanthus altissima (Mill.) Swingle
Cedrus deodara (Roxb.) G.Don
Pinus halepensis Mill.
Chamaerops humilis L.
Eucalyptus globulus Labill.
Populus alba var. bolleana (Lauche) Otto
1 Quercus canariensis Willd.
Sequoiadendron giganteum (Lindl.) J. Buchholz

perennial
perennial
deciduous
perennial
deciduous
perennial
perennial
perennial
perennial
deciduous
perennial
deciduous

Freq
Freq
Freq
Max
Min
Sin
Sin
Sin
Sin
Sin
Sin
Sin

7
7
7
7
7
1
1
1
1
1
1
1

1

The species Quercus canariensis has marcescent leaves but has been classiﬁed for the statistical analysis as
evergreen, as there are no observable differences between the summer (S) and winter photographs (W).

2.3. Appraisal Methods Used
The tree specimens selected were appraised by eight valuation methods used in different parts
of the world. These methods are classiﬁed in three types according to their formulation: parametric,
mixed, and capitalisation (see [30]).
2.3.1. Parametric Methods

•

North American method (CTLA). It deﬁnes the “base value” as the expression of the nursery’s
unit price according to the cross-section of the trunk, and uses corrective indexes to maintain or
reduce its value, but never to increase it.
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•

•

•

Burnley method (Burnley). Its main variable is the tree size measured as the volume of an inverted
cone, considering the height and crown area. It also includes a monetary value, designated the
“base value”. The ﬁnal ﬁgure may be modiﬁed by factors that can reduce the base value. This is
used mainly in Australia [31].
Formulaic Expert Method (FEM). This method selects six main criteria (dimension, species,
individual, state, location, and outstanding consideration), and the monetary value of the tree is
the result of multiplying the total score of the main criteria of a tree by a monetary assignment
factor (MAF) derived from the three-year average sales price per square metre of a mid-sized
residential home. Used for singular trees in Hong-Kong.
Copima method (Copima). This is based on the price of the species in the local market, corrected
by multiplicative indexes that increase the value of the specimen. It is used in the municipalities
of Concepción, La Pintana, and Maipú (Chile) [2].

2.3.2. Mixed Methods

•

•

•

Granada standard (NG). In the ﬁrst versions of this method, the base value was obtained for each
species with a regression model based on the tree age. Since the last review, the method uses the
trunk circumference measurement (measured 1 m from the ground) modiﬁed by intrinsic and
extrinsic factors. It is used in Spain.
Contato method (Contato). This classiﬁes the tree based on its diameter, height, and crown area.
The base value of each tree is calculated according to its age using the capitalisation formula,
and is modiﬁed with corrective multiplicative factors that can increase or decrease the end value.
Used in Argentina.
New Zealand method (Standard Tree Evaluation Method) (STEM). This is one of the most widely
used methods, and applies a system of points to assess 20 tree attributes in three general categories:
state, functions, and outstanding qualities (special merit). The total score (P, with a maximum of
540 points) is multiplied by the wholesale cost of a ﬁve-year-old tree (with no speciﬁc indication
of the tree species). To this is added the wholesale cost of planting and maintaining the tree until
it reaches the same age as the replaced specimen.

2.3.3. Capitalisation Methods

•

•

Capitalisation method (Capitalis.). This is based on the capitalisation of the replacement and
maintenance costs throughout the life of the tree. Two methodologies can be distinguished.
The ﬁrst uses the replacement costs, and involves ﬁnding specimens of the same species,
age, and physical and ornamental characteristics on the market, and whose transplantation is
technically feasible. This tree must also have a high possibility of rooting without compromising
its normal development.
The second is based on maintenance costs, assuming that the tree chosen to replace the tree being
appraised is younger. That is, it is estimated that the internal yield rate (r) for transforming the
future tree into the current tree represents an intermediate situation where the substitute tree has
a somewhat lower age and dimensions than those of the current tree.

STEM has the highest values in all the examples, while FEM comes second, with the highest
values in 95% of cases with the eight methods used. The highest valuations for these two methods are
justiﬁed by the calculation criteria. FEM has land price as a multiplicative factor, which considerably
raises the valuations. With STEM, the ﬁnal value depends on a parameter resulting from multiplying
the difference in age between the tree and its substitute by the annual maintenance cost. For example,
in the sequoia specimen (Figure 1), the highest value corresponds to the STEM method (€2,424,146)
and the next highest to the FEM (€175,116), and differs signiﬁcantly from the lowest value (€5832,
CTLA). The difference between the rest of the methods becomes more pronounced as the age of the
tree increases.
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The Burnley, Contato, Capitalisation, Copima, NG, and CTLA methods have lower values. This is
because Burnley and Contato calculate the basic value from the tree height and diameter variables
that include crown measurements. Burnley considers crown and trunk size; Contato uses crown area
and age. These variables are the most suitable for explaining the variability of urban trees without
concurring in problems of collinearity [32]. Capitalistion and Copima base their valuation on market
prices such as the cost of the plant in the greenhouse, whereas NG and the CTLA calculate the basic
value with the measurement of the trunk section, and thus present values of a similar order.
2.4. Conducting the Survey
The survey consisted of ﬁve pages of DIN A4 (210 × 297 mm) paper. The ﬁrst page contained
questions on personal details such as sex and age range (18–30, 30–45, 45–60, or over 60), and the
following pages included a photograph of each specimen with an identiﬁcation number, and, on the
right, the valuation options in euros obtained with the different methods ordered from lowest to
highest. The ﬁrst survey was made in May (with the photos we have called summer), and the second
survey in October, with the winter photos. Figure 1 contains an example of the three specimens
showing the photographs of both seasons together.

(a)ȱSummerȱphotographsȱ

(b)ȱWinterȱphotographsȱ
Figure 1. View of the survey with three of the specimens presented for evaluation through photographs
taken in summer (S) (a) and winter (W) (b).

The respondents were ﬁrst-year and Master’s students in Forestry Engineering at the School of
Forestry and Environmental Engineering at the Madrid Polytechnic University. The opinion of a total
of 78 students was collected.
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2.5. Statistical Methods
The data from the completed surveys were entered in a MS Excel database (2010, Microsoft,
Redmond, Washington, D.C., USA) for their subsequent statistical processing with the STATGRAPHICS
Centurion XVII software (2014, Statpoint Technologies, Inc., The Plains, VA, USA).
The variables used were: proportion of students who assigned the same economic value to
the same specimen in both seasons (%0), proportion of students who assigned more value to the
winter photograph (%W), and proportion of students who assigned more value to the summer
photograph (%S).
Two statistical analyses were performed: the t test for paired samples, comparing the three above
mentioned variables for each specimen. The null hypothesis was that the proportions were equal.
The hypothesis of normality was also veriﬁed with the Shapiro-Wilk test.
The valuations for the three variables were compared with a simple ANOVA, and box plots were
obtained. The factors were species, leaf type, and group. The null hypothesis was the equality of
proportions for the different factor levels (SP, Type, Group). The equality of variances between factor
levels was veriﬁed with Levene’s test. In the case of the SP factor, in which only one specimen was
valued for some species, the robust Welch test was used with a null hypothesis that was equal to equal
mean proportions. This test assumes the inequality of variances; it is adequate when the number of
specimens differs widely between factor levels, and the sample sizes are small [33]. The levels with
statistically signiﬁcant differences were obtained using the multiple range test with limits by Fisher’s
LSD (Least Square Differences).
A signiﬁcance level of 5% was used in all the statistical tests.
3. Results
The survey was given to 40 undergraduate and 38 Master’s students, 27 of whom were women
and 51 men.
Figure 2 shows the percentage difference in the selection of methods according to the season.
The last selected methods are FEM and STEM. Burnley is the most selected method in both seasons
and in similar percentages, although it is greater in summer. The same occurs with Copima, Contato,
and NG, while the opposite occurs with CTLA and Capitalis.

ȱ
Figure 2. Percentage of methods selected according to season.

The answers were grouped as follows: number of students who left some valuation unanswered
(Unanswered); number of students who chose a method with more value in the summer photos (S);
number of students who chose the same value (0) in both seasons (S and W); and number of students
who chose a method with more value in the winter photos (W).
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The pie chart in Figure 3 shows that the number of students who assigned a greater value to the
specimens in the S photos (36%) is very similar to the number of students who assigned more value to
the specimens in the W photos (34%). A total of 28% of the students assigned the same value, and only
2% of cases had photos with no valuation.
Unanswered

S

0

W

2%
34%

36%

28%

Figure 3. Percentage of students according to the differences shown in the valuation.

The hypothesis that the three variables considered (%S, %0 and %W) have a normal distribution
cannot be rejected (Shapiro-Wilk test with p-value > 0.05). Table 2 contains a descriptive summary of
these variables.
Table 2. Descriptive statistics of the variables.
Statistical

%S

%0

%W

Minimum
Maximum
Mean
SD
CV

20.5
50
35.6
7.37
20.70%

16.7
39.7
28.1
5.65
20.06%

20.5
52.6
33.8
8.08
23.93%

SD standard deviation, CV coefﬁcient of variation.

Similar values can be seen in regard to the measures of variability (SD and CV). The mean values
show the lowest value for respondents who rate the photos equally and the highest for those who rate
the summer photos higher.
Student’s t test was conducted for the paired samples of percentages calculated in the same tree
as shown in Table 3.
Table 3. t-test results.
Null Hypothesis

Alternative Hypothesis

p-Value

Estimated Mean Difference

%0 = %S
%0 = %W
%S = %W

%0 < %S
%0 < %W
%S > %W

0.000021
0.001457
0.198641

7.5%
5.5%
1.8%

The results of Table 3 show:

•
•

Signiﬁcant differences between the percentage of students who rate the specimen more highly in
summer (% 0); the difference in percentage is estimated at 7.5% in favour of %S.
Signiﬁcant differences between the percentage of students who rate the specimen more highly in
winter (%W) and the percentage of students who rate the specimens the same in both seasons
(%0); the difference in percentage is estimated at 5.6% in favour of %W.
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•

Finally, no signiﬁcant differences are observed between %S and %W.

A simple ANOVA (Table 4) is done to analyse the possible inﬂuence of species (SP), leaf type
(Type), and group factors (Group) deﬁned in Table 1 in each proportion variable (%S, %0, and %W).
Table 4. ANOVA results (p-value).
Factor

%S

%0

%W

SP
Type
Group

0.0881
0.2151
0.0248

0.7097
0.9849
0.9726

0.1572
0.2102
0.0166

The results of Table 4 show that for the survey data:

•
•
•
•
•

there is no inﬂuence of the Type factor in any of the percentage variables;
there is no inﬂuence of the SP factor in the classes %0 and %W, or in %S for a level of 0.05;
there is no inﬂuence of the Group factor in %S;
there is a possible inﬂuence of the SP factor in %S at a 10% signiﬁcance level;
there is a possible inﬂuence of the Group factor in %S and %W at a 5% signiﬁcance level.

The graphs in Figures 4 and 5 show the distribution of the values of the variables %S and
%W according to the Group factor levels with statistically signiﬁcant differences in the ANOVA test
(Table 4).
50
45

%S

40
35
30
25
20
Freq

Max

Min

Sin

Group

ȱ

Figure 4. Box chart for %S according to Group.

Figure 4 shows that the specimens that scored highest in all the methods were also rated more
highly in the S photos by more students.
Figure 5 show that the specimens with the lowest scores in all the methods (min) had a higher
average %W than the rest.
Tables 5 and 6 and show the comparisons by pairs of levels for the Group factor for the variables
%S and %W.
Table 5. Signiﬁcant results to 95% of the multiple range test (LSD) for %S according to Group.
Comparison of Groups

Differences

Max-Min
S-Min

10.9714
8.78571
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60

%W

50

40

30

20
Freq

Max

Min

Sin

Group

ȱ

Figure 5. Box chart for %W according to Group.

Table 5 shows that the average of %S is signiﬁcantly lower for specimens with lower economic
valuations in all the methods than for the group of maximum valuations and the group of singular trees.
Table 6. Signiﬁcant results to 95% of the multiple range test (LSD) for %W according to.
Comparison of Groups

Differences

Max-Min
S-Min
Freq-Min

−12.6286
−10.0286
−6.98247

Table 6 shows that the average of %W is signiﬁcantly higher for the specimens with lower
economic valuations in all the methods than for the rest of the Groups.
The equalities of variance were veriﬁed for all the ANOVA analyses with the Levene test to
a conﬁdence level of 95%. This equality was not rejected for Type and for Group, but could not be
accepted for SP in any of the % variables. The box chart in Figure 6 illustrates these differences in the
dispersion of the groups of %S, and shows that due to the different sample size of %S according to the
SP factor levels, there is homogeneity of variances, which invalidates the ANOVA for this factor.
Ailanthus altissima
Ce drus de odara
Chamae rops humilis
Cupre ssus arizonica

SP

Eucalyptus globulus
Pinus hale pe nsis
Pinus pine a
Platanus hybrida
Populus bolle ana
Que rcus canarie nsis
Que rcus sube r
Se quoiade ndron gigante um
20

25

30

35

40

%S

45

50

ȱ

Figure 6. Box chart for %S according to species.

The equality between the medians of each variable of % between levels of the SP factor can be
rejected with the Welch test (Table 7).
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Table 7. Results of the Welch test for the SP factor (p-value).
%S
0.0001

%0
0.0001

%W
0.0001

Multiple comparisons are made between %S values by SP pairs resulting in signiﬁcant differences,
as shown in Table 8. The results with the same tests were done for the variable %0 (Table 9) and %W
(Table 10).
Table 8. Signiﬁcant results of the multiple range test (LSD) for %S according to SP.
Comparison of SP

Difference

Ailanthus altissima−Cupressus arizonica
Ailanthus altissima−Quercus suber
Ailanthus altissima−Sequoiadendron giganteum
Cupressus arizonica−Platanus × hybrida
Platanus× hybrida−Quercus suber
Platanus × hybrida−Sequoiadendron giganteum

−10.0857
−10.9714
−17.9143
7.34643
−8.23214
−15.1750

Comparison of SP shows the SP pair in which the differences in %S are valued.
Difference is the value of the difference in percentage, with negative values when the percentage
variable is greater in the second species in the pair and positive otherwise.
Table 8 shows that the median of %S for Ailanthus altissima is lower than for the species
Cupressus arizonica (negative difference), Quercus suber, and Sequoiadendron giganteum. The median of %S
is significantly higher for Cupressus arizonica than for Platanus × hybrida. The median of %S is significantly
lower for Platanus × hybrida than for Quercus suber and Sequoiadendron giganteum.
Table 9. Signiﬁcant results to 95% of the multiple range test (LSD) for %0 according to SP.
Difference in SP

Difference

Cedrus deodara−Chamaerops humilis
Chamaerops humilis−Cupressus arizonica
Chamaerops humilis−Sequoiadendron giganteum

−17.9
12.9
17.9

Table 9 shows that the median of %0 for Chamaerops humilis is lower than for the species Cedrus
deodara, Cupressus arizonica, and Sequoiadendron giganteum.
Table 10. Signiﬁcant results to 95% of the multiple range test (LSD) for %W according to SP.
Difference in SP

Difference

Ailanthus altissima−Chamaerops humilis
Ailanthus altissima−Cupressus arizonica
Ailanthus altissima−Pinus halepensis
Ailanthus altissima−Quercus suber
Platanus × hybrida−Quercus suber

16.6143
9.88571
17.9143
12.6286
8.63929

The results of Table 10 show that the median of %W for Ailanthus altissima is higher than for the
species Chamaerops humilis, Cupressus arizonica, Pinus halepensis, and Quercus suber. The mean of %W is
signiﬁcantly higher for Platanus × hybrida than for Quercus suber.
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4. Discussion and Conclusions
The survey results reveal differences between the seasons for the Capitalisation, FEM, and STEM
methods. There are barely any differences in the selection percentages for the rest of the methods.
The calculation formulas in the mixed and parametric methods in this study take location into
account. The photographs of the specimens show very little of the area around the tree, so the
environment does not inﬂuence the interviewees’ responses. Similarly, the tree age cannot be seen in
the photos, so no relation can be established between this variable and the results of the survey.
The results show that a similar proportion of students award the highest value to the specimen
photographed in summer (%S = 36) and in winter (%W = 34), without any signiﬁcant differences.
The %0 percentage is not very different from the previous ones, but in this case, there are signiﬁcant
differences. The CV is similar in all three cases.
The ANOVA analysis reveals signiﬁcant differences between the Groups of trees for the percentage
of students who value the summer trees more highly, and for the percentage who value the winter
trees more highly. However, there are no differences between Groups for the respondents who value
the specimens equally.
The group of trees with the lowest scores in all the methods are the specimens of Ailanthus altissima.
The ailanthus has the highest percentage of students who value the trees more highly in the winter
photos. These are in turn the specimens with the lowest percentage of students who assess the summer
trees more highly. This may be due to the fact that they are mostly young specimens that shed their
leaves in winter, which may improve their valuation when comparing them with other specimens with
deciduous leaves at this time of year. In any case, this supposition is still unveriﬁed.
The opposite occurs with Quercus suber. These trees achieve high scores with all methods.
Cork oaks have the highest percentage of students who rate the summer trees more highly. These are
also the specimens with the lowest percentage of students who rate the winter trees more highly.
There are no differences for the factors among the students who rated the specimens in the winter
and summer photos the same. The data in this work offer no explanation for this result, which was
also obtained in a previous work by the authors [34].
It is also worth highlighting the lack of any signiﬁcant differences between the specimens with
perennial and deciduous leaves for any of the groups of students. This result contradicts the authors’
results in a previous study [32], possibly due to the student sample, which had a greater proportion
of undergraduate than Master’s students, and where there was an imbalance in their knowledge of
trees. On this occasion, the sample is balanced between both. Differences in educational level affect the
respondents’ preferences, as can be concluded from other works [35,36], and can even be seen between
university students with different educational levels [37].
Differences between species were detected with the Welch test for the three groups of students.
In the ﬁrst group (%S), a lower percentage of students value the ailanthus trees more highly in the
summer photos than the cypress, cork oak, and sequoia trees. Plane trees are rated more highly in the
summer photos by a lower percentage of students than cypress, cork oak, and sequoia trees. The rest
of the species do not show any signiﬁcant differences.
Fan palms are rated equally (%0) by a higher percentage of students than cedar, cypress,
and sequoia trees. That is, fan palms have more similar scores in both seasons of the year.
In the last group of students (%W), the ailanthus has the highest percentage of students who value
the trees more in the winter photos than cypress, cork oak, fan palm, and Aleppo pine. Plane trees
have a higher percentage of students who value the trees more in winter photos than the cork oak.
These results do not point to any clear conclusions in regard to the differences in valuation between
the seasons. The percentages of students are similarly distributed between the three options. It would
therefore be advisable to increase the number of specimens per species and to make comparisons
between groups that are internally more homogeneous. To verify the results between evergreen and
deciduous trees, a study should be designed based solely on that factor, and with fewer photos. It is
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also necessary to increase the number of answers and maintain a balance between different educational
levels. Clearer results can be obtained if the number of valuation methods is reduced.
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Abstract: To be successful, actions for mitigating climate change in the forest and forest sector will
not only need to be informed by the best available science, but will also require strong public and/or
political acceptability. This paper presents the results of a novel analytical-deliberative engagement
process that brings together stakeholders and Indigenous Peoples in participatory workshops
in the interior and coastal regions of British Columbia (BC) to evaluate a set of potential forest
carbon mitigation alternatives. In particular, this study examines what objectives are prioritized by
stakeholders and Indigenous Peoples when discussing forest carbon mitigation in BC’s forests, as well
as the perceived effectiveness of, and levels of support for, six forest-based carbon mitigation strategies.
We start by describing the methodological framework involving two series of workshops. We then
describe the results from the ﬁrst round of workshops where participants identiﬁed 11 objectives
that can be classiﬁed into four categories: biophysical, economic, social, and procedural. Afterwards,
we discuss the second series of workshops, which allowed participants to evaluate six climate
change mitigation strategies against the objectives previously identiﬁed, and highlight geographical
differences, if any, between BC’s coastal and interior regions. Our results effectively illustrate the
potential and efﬁcacy of our novel methodology in informing a variety of stakeholders in different
regions, and generating consistent results with a surprising degree of consensus on both key objectives
and preference for mitigation alternatives. We conclude with policy recommendations on how to
consider various management objectives during the design and implementation of forest carbon
mitigation strategies.
Keywords: climate change mitigation; forest management; forest carbon; preferences; deliberativeanalytical process; British Columbia

1. Introduction
The management of forests has great potential to reduce greenhouse gas emissions and/or
increase carbon removals from the atmosphere [1,2]. The way we manage our forests, the types of
wood products we produce, and how we use and ultimately dispose of those products, can signiﬁcantly
inﬂuence the carbon balance of our forest sector. As with many other jurisdictions, the government
of British Columbia (BC), Canada, envisions an important role played by forest management in
reaching their climate change mitigation targets [3,4]. BC’s 55 million hectares of forests (more than
any European country except Russia), 95% of which are publicly owned, have an important role to
play in the global carbon cycle [5]. Nevertheless, while the province has ambitious climate policies
(e.g., the ﬁrst revenue neutral carbon tax in North America), a recent study indicates that the province
Forests 2018, 9, 225; doi:10.3390/f9040225
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has few effective policies targeting forest carbon management [6]. In addition, BC’s forest carbon
offset program, which is arguably the most signiﬁcant policy dealing with climate change mitigation
in the forests to date, faces important barriers and limitations [7,8]. While the Climate Leadership Plan
announced by the province in 2016 promised a Forest Carbon Initiative, very little concrete information
has been provided as to how this will translate into on-the-ground actions other than one general
funding announcement [4,9].
To be successful, actions for mitigating climate change will not only need to be informed by
the best available science, but will also require political and social acceptability, particularly since
forest management entails a diversity of multifaceted, interconnected, and competing values [10].
In effect, sustainable forest management necessitates an integrated approach that balances economic
(e.g., timber harvesting, forage), environmental (e.g., biodiversity, erosion, carbon sequestration), social
(e.g., recreational, employment), and cultural (e.g., well-being, spiritual) uses, values, and interests that
all need to be considered [10–12]. Because of this complexity, decision-making on forest management
beneﬁts from involving interested or affected actors “to ensure that all relevant information is included,
that it is synthesized in a way that addresses the parties’ concerns, and that those who may be affected
by a risk decision are sufﬁciently well informed and involved to participate meaningfully in the
decision” [13] (p. 30). Such a participatory approach ensures not only that all values are considered,
but also that the resulting strategies beneﬁt from public acceptability, legitimacy, and credibility.
This paper presents the results of a novel analytical-deliberative engagement process that brings
together stakeholders and Indigenous Peoples in participatory workshops across the province to
evaluate a set of potential forest carbon mitigation alternatives. By doing so, we answer two main
research questions:
1.
2.

What main objectives do stakeholders and Indigenous Peoples prioritize when discussing carbon
mitigation in BC’s forest sector?
What are BC’s stakeholders and Indigenous Peoples’ preferences for, and perceived acceptability,
credibility, and effectiveness of, climate change mitigation options in BC’s forest sector?

Indigenous Peoples in BC and in Canada have distinct legal rights and title to the land and
natural resources and do not view themselves as normal stakeholders (for more details, see [14,15]).
We will therefore make a distinction between Indigenous Peoples and non-indigenous stakeholders
throughout the paper. Importantly, this distinction is only used in the manuscript—Indigenous People
participants were included and treated as all other participants during the engagement process.
This engagement is part of a larger research project, the Forest Carbon Management Project
(hereafter “larger research project”; this project is funded by the Paciﬁc Institute for Climate Solutions),
which aims to generate recommendations for regionally speciﬁc forest carbon mitigation activities
for BC’s forests, while maximising the environmental, economic, and social beneﬁts. We begin
by providing an overview of forest carbon management in BC, followed by a presentation of
our methodological framework with detailed summaries of analytical-deliberative processes in
general, and our analytical-deliberative province-wide engagement process speciﬁcally. Subsequently,
we discuss the results of the engagement process, revealing the values that should be considered
when developing and evaluating forest carbon management strategies, as well as the outcomes of
the multi-criteria evaluation of six mitigation strategies, highlighting key trade-offs and geographical
differences between BC’s coastal and interior regions. Finally, we present individual participants’
levels of support for the different strategies, including regional and sectoral discrepancies, and discuss
implications for forest carbon management.
2. Forest Carbon Management in British Columbia
The forest carbon cycle comprises various pools amassing or releasing carbon, including
components of forest ecosystems, such as biomass (e.g., plants and trees), soil, dead organic matter
and litter, and pools from the forest product sector (e.g., wood in construction) [1,2]. A forest’s net
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» (GHG) emissions result from the difference in the transfer of carbon between these pools. While a
forest can represent a carbon sink when it removes more carbon than it emits into the atmosphere,
it can also act as a carbon source when it emits more carbon than it removes. Taking into account all
carbon pools, BC’s forests acted as a carbon sink between 1990 and 2002, but became a net carbon
source in 2003 and have emitted more than they sequestered ever since [5]. This shift from sink to
source is mainly due to an increase in wildﬁres and the large number of trees killed by the mountain
pine beetle outbreak [16,17].
Incremental activities that reduce GHG emissions from forests or increase removals of carbon
from the atmosphere compared to business-as-usual activities are considered forest carbon mitigation
actions. The evaluation of an action’s net effect on GHG emissions or removals requires a systems
perspective that accounts for its impact on: (1) forest ecosystem emissions and removals; (2) storage
of carbon in wood products; and (3) substitution effects, which are the impact of substituting wood
products for other products (e.g., cement, steel) and fossil fuels (e.g., natural gas, coal) that are more
emissions-intensive on a life cycle basis [18–21]. From a climate perspective, there are therefore
important alignments and trade-offs between increasing carbon storage in forest ecosystems and
seeking to obtain mitigation beneﬁts through the use of wood.
For the purpose of simplicity, possible mitigation strategies in BC’s forests can be classiﬁed
into three main categories (inspired by [19,20]). The ﬁrst category refers to activities targeting the
preservation of existing forest areas through reduced deforestation or the increased expansion of forest
areas through afforestation. The second category involves maintaining or increasing forest carbon
density (i.e., the quantity of carbon sequestered in a given area of forest). To do so, various sustainable
forest management strategies can be implemented, including conservation approaches, silvicultural
activities that increase growth rates and carbon uptake of trees, harvesting practices that reduce carbon
losses (e.g., avoided slash burning), and efforts to reduce the impacts of natural disturbances. The third
set of strategies relates to the use of wood products to generate off-site carbon stocks and replace
energy-intensive products and fossil fuels.
3. Methods
3.1. Analytic-Deliberative Processes
Public and stakeholder engagement and participatory processes in environmental and natural
resource management have become increasingly prominent over the past several decades [22,23].
Accordingly, a variety of tools and methods have been developed to incorporate the perspectives
of various groups in the decision-making process [24]. Of particular interest here are methods
combining quantitative, scientiﬁc, and analytical methods with deliberative and participatory
components, known as analytic-deliberative processes [13,25]. By “reconcil[ing] ‘technocratic’ and
‘citizen-centric’ approaches” [26] (p. 300), analytic-deliberative methods offer attractive alternatives to
traditional participatory processes. The analytic component implies the use of precise, reproducible,
reliable, and agreed upon procedures, enabling the structuring and resolution of factual problems.
In contrast, deliberation involves a process of discussion, debate, and rational argumentation where
participants share their positions, try to convince each other, and improve their understanding. Within
analytic-deliberative, the two components complement each other: the analysis provides information,
knowledge, and structure to deliberation, which in turn informs what type of analysis is needed.
One such analytic-deliberative process, multi-criteria decision analysis (MCDA), represents an
appealing approach that facilitates and structures the decision-making process. Primarily conceived
as technical approaches to be used by a single decision maker [24], MCDA methods have evolved to
integrate stakeholder inputs and concerns in the ﬁeld of forest management [11,27,28]. Insights for
developing structuring processes can also be acquired from Structured Decision Making (SDM) [29–31].
One of the main differences between SDM and conventional participatory MCDA is the emphasis
put by the former on the problem structuring process, whereas the latter often focuses on ﬁnding a
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prescriptive (and often quantitatively supported) solution. By focusing on the structure rather than the
outcome, SDM proposes a transparent, inclusive, and methodical approach that prioritizes participants’
identiﬁcation and in-depth understanding (and sometimes transformation) of their values and how
they relate to the problem at stake. While both methods have already been used in Canada and globally
to tackle diverse forest management problems [11,27,28], they are not currently in wide usage for
decision-making on complex trade-offs for forest carbon solutions.
In general, participatory MCDAs and SDM share at least ﬁve steps, although their names and
order of occurrence vary:
1.
2.
3.
4.
5.

Clariﬁcation of the decision context: The main objective is to identify the problem or question
being addressed and who should be involved in the process.
Structuring of the decision problem: This step involves the identiﬁcation of evaluation criteria
(also termed values, objectives, or points of view) with which the alternatives will be assessed.
Identiﬁcation and outline of alternatives: The objective of this phase is to produce and describe a
set of alternatives that can be evaluated and compared by the participants.
Elicitation of preferences: The goal of this step is to elicit participants’ preferences, that is the
evaluation of the importance of the criteria and alternatives.
Trade-offs among alternatives: In this ﬁnal step, the preferences or weightings elicited both for
criteria and alternatives are pooled together to rank the alternatives and highlight trade-offs.

3.2. Data Collection
The engagement process presented in this study is separated into three phases based on the ﬁve
steps of MCDA and SDM (Figure 1), including two cycles of workshops. All the workshops were led
and moderated by the ﬁrst and second authors of this paper.

Figure 1. Overview of three phases of engagement process and how they integrate the ﬁve steps of
multi-criteria decision analysis/Structured Decision Making.

In order to identify regional divergence, the engagement process focuses on four locations in
two main forestry regions of the province: the coast (Vancouver and Nanaimo, BC, Canada) and
the interior (Kamloops and Prince George, BC, Canada, Figure 2). While variations exist within
these two regions, the coastal region is principally composed of older mild temperate rainforests
characterized by infrequent disturbance patterns and a high carbon density; the drier and cooler
interior region is typically the home of younger forests that face a higher frequency of ﬁres and
pest outbreaks that often prevent landscapes from reaching and maintaining the maximum carbon
storage characterizing old-growth forests [32,33]. For the purpose of this paper, we will compare the
combined results of the coastal (Vancouver and Nanaimo) and interior (Kamloops and Prince George)
forestry regions.
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Figure 2. Map showing the locations where the engagement process was carried out.

3.2.1. Stakeholder Analysis
Carrying out a stakeholder analysis [34,35] is a key step in ensuring that all concerned parties
are considered during the consultation process [28]. We ﬁrst created a list of categories of potential
forest users and/or individual/groups that may be interested in or affected by mitigation activities
in BC’s forests: (1) forest industry; (2) other forestry professionals (community forests, consultants);
(3) regional/local government; (4) Indigenous People; (5) non-government organizations (NGOs);
(6) academia; (7) carbon offset companies; and (8) bioenergy companies. We then identiﬁed
and classiﬁed potential organizations and individual participants in each category for the four
areas previously identiﬁed areas. To do so, we used a variety of sources, including demographic
information, previous government and other agency consultation processes, forest companies, and
NGOs. We selected additional participants with the help of iterative identiﬁcation—when previously
unknown individuals contacted for the purpose of this study point out other potential participants [36].
While efforts have been made to ensure representativity (i.e., we made sure that we had at least
ﬁve invitees for each groups of actors in each region), we did not exclude any potential participants,
meaning that invitations were unevenly distributed between categories of actors (i.e., there are more
NGOs and forest professionals than carbon offset and bioenergy representatives). Furthermore,
ﬁnal participation strongly depended on participants’ availability. Consequently, it is important to
acknowledge that unequal sectoral representation may have affected the dynamics of the workshops
and the results.
3.2.2. First Series of Participatory Workshops: Objective Identiﬁcation
The second phase of the engagement process involved a ﬁrst round of participatory workshops
with the goal of identifying a list of important objectives to be considered when generating and
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evaluating climate change mitigation strategies for BC’s forests. In this ﬁrst round, we held ﬁve 3.5-h
workshops between February and March 2016 in the two pre-identiﬁed regions: coast (two workshops
in Vancouver, one in Nanaimo (because of the larger number of interested participants, two workshops
were held in Vancouver) and interior (one workshop each in Kamloops and Prince George). A total
of 76 participants from different groups of actors with interest in, and knowledge of, BC’s forests
participated in these workshops (Figure 3). While the different groups of actors were not equally
represented in the workshops, the format of the workshops (i.e., deliberation rather than voting model)
ensured that all groups were able to state their views.

Figure 3. Representation (number of participants) by region of different groups of actors during the
two series of participatory workshops: 1st round February–March 2016, 2nd round May–June 2017.
Percent of total participants for each group and total number of participants at each series of workshops
is also shown.

Since workshop participants had very different levels of knowledge of forest carbon management
(i.e., some were experts working in the ﬁeld while others had no previous experience with the
subject), we started the workshops with a short presentation providing an overview of the different
climate change mitigation options available in BC’s forests to ensure that all participants had a basic
understanding. An illustrated primer on forest carbon mitigation in BC, created for the purpose
of this engagement process, was distributed to the participants one week prior to the workshop
(supplementary material titled “Primer ﬁrst series of workshops”). The primer provides a general
overview of the carbon cycle, the role of BC’s forests in mitigating climate change, and potential
mitigation strategies. This primer does not speciﬁcally introduce the mitigation strategies evaluated in
the second series of workshops.
We then asked participants to identify through deliberation the main objectives that should be
considered when evaluating climate change mitigation strategies in BC’s forests. Building on the
methodology of SDM, objectives were deﬁned as “what really matters” when evaluating forest carbon
mitigation strategies [29]. Objectives are usually constructed with a verb that indicates the desired
direction (e.g., increase, minimize, maximize) and should focus on “ends”, that is the results that we
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want to achieve, rather than on “means”, the actions to be undertaken. Participants were clustered
into small groups of three to ﬁve individuals, making sure that each contained a diversity of groups of
actors. We encouraged each group to reach agreement on a set of objectives and sub-objectives through
discussions. Group results were then presented and discussed in plenary. An agreement was reached
when all workshop participants agreed on a ﬁnal list of objectives.
After completion of the workshops, we created an aggregated list of objectives. We ﬁrst coded
the objectives based on their workshop of origin. In an attempt to create a consensus list of objectives
without outliers (i.e., objectives that only convey the opinion of a small proportion of participants),
we eliminated any objectives that were not identiﬁed in more than one workshop. We then combined
together the objectives that had the same or very similar meaning, making sure to keep, as much as
possible, the wording used by the participants. During this process, some objectives were transformed
into sub-objectives, deﬁned as “clariﬁcation of what is meant by the objective”; sub-objectives are
mostly useful for providing more details about what is meant by a more general objective [29].
Following the workshops, we invited participants to complete an online follow-up survey
distributed using Fluidsurvey. A total of 52 out of 76 participants responded to the survey (68%
response rate). Participants were asked to describe their overall level of agreement with the aggregated
list of objectives using a ﬁve-point continuous interval scale. A majority of respondents (84%) either
“agreed” or “strongly agreed” with the list of objectives identiﬁed during the workshops. Because of
this level of agreement, no subsequent modiﬁcation was made to the list of objectives. We also asked
participants to weight the relative importance of the objectives by answering the survey question using
a nine-point continuous interval scale, from ‘not important at all (0)’ to ‘very important (8)’.
3.2.3. Second Series of Workshops: Evaluation of Mitigation Strategies
The third phase of the engagement process aimed to allow stakeholders and Indigenous Peoples
to evaluate six climate change mitigation strategies (see Table 1 for description) against the objectives
previously identiﬁed. Five of the strategies affect the management of forest ecosystems, whilst the sixth
deals with the use of wood and its allocation to short- and long-lived product types. It is important to
note that the strategies being examined in this study are not the full suite of mitigation alternatives,
and some options, such as those related to preserving existing forest areas (i.e., reduced deforestation)
or creating new forest areas (i.e., afforestation), are not included.
Table 1. Climate change mitigation strategies evaluated by stakeholders and Indigenous Peoples
during the participatory workshops of phase 3.
Strategy
Bioenergy

Description
A recovery of a portion of harvest residues for local bioenergy production to replace
fossil fuels.
A reduction of on-site burning of harvest residues (pile-burning of slash).

Higher Utilization

Higher utilization of wood from harvest cut blocks so that more wood is extracted per
hectare, thereby lowering the area harvested while keeping the harvest volume unchanged.
Increased proportion of salvage harvesting, referring to the harvesting of trees in forests
affected by natural disturbances such as ﬁre and insects, to replace green tree harvesting.

Longer-lived wood
products (LLWP)

The production of a commodity mix shifted towards a greater proportion of longer-lived
products (sawnwood, other solid wood, and panels), at the expense of pulp and paper
products. Both the baseline harvest volume and the proportion exported for each product
are assumed to remain unchanged.

Reduced harvest

A reduction in harvest with a corresponding decrease in production of wood products.

Rehabilitation *

The reforestation of underproductive sites where no trees would otherwise be planted.

Old growth conservation

Prevent the harvesting of old growth forests, deﬁned as stands older than 250 years old.
* Not included in modelling [37].
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Four one-day participatory workshops (7.5 h each), held during May and June 2017, revisited
the same four locations as the ﬁrst series of workshops (Figure 2). Participation in the ﬁrst series of
workshops was not a prerequisite to be invited. In total, 72 participants from the eight different groups
of actors took part in the workshops (Figure 3), out of which 44 (61%) also participated in the previous
series of workshops.
The ﬁrst hour of the workshops was devoted to presenting the six mitigation strategies (Table 1)
that would be evaluated and the set of objectives that would be used to evaluate them. The presentation
mainly revisited the information found in a consultation document (supplementary material titled
“Primer second series of workshops”) that had been provided to the participants in preparation for
the event and describes in detail the whole process, the objectives, and the strategies [38]. Five of
the evaluated strategies originate from a parallel study [37], independent of the engagement process,
that was carried out by a team of multidisciplinary experts from the overarching project. At least
one member of this team attended each of the workshops as technical experts. The parallel process
involved the development of strategies and the modelling of their climate change mitigation potential,
ﬁnancial, and socioeconomic impacts for the years 2017–2050 (more details on the strategies and
the modelling exercise can be found in [37]; Table S1 identiﬁes the outputs of the biophysical and
socio-economic modelling that were provided to workshop participants). Late in the process, a sixth
strategy, rehabilitation, was added because it had subsequently been proposed by the government of
BC as a potential mitigation strategy in the Climate Leadership Plan [4] and was included in the BC
government’s Forest Carbon Initiative announced in February 2017. Time constraints did not allow
for modelling of this rehabilitation strategy to be carried out. However, since it may represent an
important mitigation strategy for the BC government, we decided to introduce it in the engagement
process, acknowledging that the lack of modelling results represents a limitation.
We asked participants to evaluate in small groups (three to six people) each of the six strategies
against the objectives. Each group purposefully contained a diversity of actors and was assigned
a moderator who took detailed notes of the main issues and trade-offs discussed. The groups in
Vancouver and Nanaimo evaluated the strategies for the coastal region, whereas participants in
Kamloops and Prince George evaluated the strategies for the interior region. To keep the process
straightforward for participants, a simpliﬁed value measurement technique inspired by the Simple
Multi Attribute Rating Technique (SMART) was used [39–42]. The small mixed groups were asked to
evaluate through consensus rating the performance of each strategy against each objective with the
use of an 11-point continuous scale (from ‘very good’ to ‘very poor’; modiﬁed from [43]).
To conclude the workshops, results of the evaluation exercise were presented back to, and
discussed with, the participants in plenary. Participants were also allowed to raise questions and/
or comments about the engagement process, the modelling methodology, and results, and to
converse about their experience during the workshop (e.g., what they learned/observed, what they
liked/disliked). Before leaving, participants ﬁlled in a short survey where they were asked to provide
their individual levels of support for the strategies using a ﬁve-point continuous interval scale.
3.3. Data Analysis
Both descriptive and inferential statistics were performed in R Studio (version 1.0.153, Integrated
Development for R. RStudio Inc., Boston, MA, USA, http://rstudio.org/). Because of the ordinal nature
of continuous interval scales, we used nonparametric tests (Mann–Whitney U test and Kruskal–Wallis
one-way analysis) to compare the perceived importance of the objectives by regions (ﬁrst series of
workshops), and individual levels of support for the various mitigation strategies by regions and
groups of actors (second series of workshops). This was to permit analysis of differences between the
original stakeholder groups represented by participants.
For analysis purposes, the 11-point continuous linguistic scale used for the group evaluation of
the mitigation strategies was transformed into numeric scores. A cumulative derived preference for
each strategy was calculated by summing, for each objective, the product of the aggregated individual
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weighted importance of an objective (score out of eight; ﬁrst series of workshops) and the mean score
of the strategy when evaluated against that objective (second series of workshops). The resulting score
was the transformed into a percentage by dividing it with the maximum possible score of a strategy.
4. Results and Discussion
4.1. Final Aggregated List of Objectives and Their Relative Importance
Over 30 objectives were identiﬁed by participants during the ﬁve workshops, and an aggregated
list of 11 objectives and their sub-objectives was later generated by the research team based on the
results of the workshops (Figure 4). The objectives can be classiﬁed into four categories based on
their primary focus: biophysical, economic, social, and procedural. For the purpose of this paper,
we kept the objectives and their categorization as close as possible to the participants’ deﬁnitions and
classiﬁcation during the workshops, even though some sub-objectives could better ﬁt into another
category (e.g., increasing sustainable economic opportunities and local government revenues would
be better classiﬁed as economic instead of social sub-objectives).
The objectives identiﬁed by our workshop participants are generally comprehensive and similar to
general studies on forest values (for examples see [12,44,45]). In particular, the economic, biophysical,
and social categories of objectives consistently appear in most studies focused on general forest
values, although the terminology used varies (e.g., ecological, environmental, cultural, socio-cultural).
Interestingly, procedural objectives are less frequently highlighted by these studies, even though the
category appears in many well-known lists of criteria and indicators, often under a category referring
to policy, legal, and/or institutional issues [46–48]. Other studies, by analysing public participation in
forest management, speciﬁcally focus on procedural objectives [49].

Figure 4. List of the 11 key objectives and sub-objectives for evaluating BC’s forests carbon mitigation
strategies by categories. The sub-objectives reﬂect what was discussed in the workshops and may only
partially describe the scope of the objectives, meaning that speciﬁc issue (e.g., aesthetic values) may not
be represented in the list.

The perceived importance of the 11 objectives based on a nine-point continuous interval scale
aggregated across all participants is illustrated in Figure 5. All of these objectives are rated on the
higher end of the importance scale, though the biophysical objective tended to be the highest rated
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and the economic objective the lowest rated. These results are in line with previous studies evaluating
public priorities for forest management in BC, which generally ﬁnd a preference for environmental
values over social and economic values [12,45]. Our study also highlights the high importance of
procedural objectives, indicating that stakeholders and Indigenous Peoples are as concerned about
the fairness, effectiveness, and inclusiveness of the decision-making process as they are about its
outcomes [49,50].

Figure 5. Weight of the objectives for the coast and the interior regions, where 0 = not at all important
and 8 = very important.

Perhaps the most important result lies in the ﬁnding that mitigating climate change, while
perceived as important, is not considered as the highest priority, but as just one of many objectives that
should be considered when developing forest carbon management strategies. Three other objectives
rank higher in terms of relative importance in the Coastal region, and ﬁve other objectives in the
Interior. This result is consistent with discussions worldwide about the important of considering
co-beneﬁts (e.g., poverty reduction, biodiversity conservation, and increase in soil and water quality)
when using forests to mitigate climate change [51,52].
In general, there is little divergence in the weighting of the objectives between the two regions,
with the only statistically signiﬁcant difference found for “recognize Indigenous Peoples rights and
claims to forest land” (Mann–Whitney U = 201.5, p = 0.02), where the average score in the interior (7.92)
was signiﬁcantly higher than on the coast (6.33). This result can be partly explained by the fact that
Indigenous People’s attendance was strongly weighted toward the interior (all indigenous participants
but one). One could also expect that an overall greater representation of indigenous participants,
which was relatively low at 12%, would have increased the perceived importance of the two objectives
associated with indigenous peoples.
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4.2. Evaluation of the Six Mitigation Strategies
4.2.1. Group Evaluation: Performance of the Strategies against the Objectives
This section presents results from the evaluation of the strategies against the objectives carried
out during the second series of participatory workshops. As noted above, at each workshop, groups of
participants with a diversity of actors were asked to develop consensus evaluations. In this section,
the group evaluations are discussed, along with views of participants more generally. Importantly,
participants in all workshops agreed that the procedural objectives should be excluded from the
evaluation because they are mainly on the process and are not relevant to the assessment of the
strategies. Figure 6 highlights the performance of the strategies against each of the nine other objectives
(Table 1) for the coastal and interior regions, whereas Figure 7 shows the cumulative derived preference
for each strategy. The next sections describe in detail the performances of the strategies against the
objectives, the regional differences, if any, and the main points of discussion during group deliberation.

Figure 6. Average score of the six strategies on performance against each of the nine objectives for
the coast (Nanaimo and Vancouver) and the interior (Kamloops and Prince George). The values
are normalized (from 0 to 1) from the average score (from 0 = very poor to 10 = very good), with
each vertical axis representing the scores of the strategies against one objective. The minimum and
maximum average scores (out of 10) across scenarios are also shown in numbers at the top and bottom
of the graph.
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Figure 7. Average cumulative derived preference for the six strategies on the coast and the interior.
The derived preference of each strategy was calculated by summing, for each objective, the product of
the average performance of a strategy against an objective (Figures 6 and 7) with the weight of this
objective (Figure 5). The resulting score was transformed into a percentage by dividing it with the
maximum possible score of a strategy.

Bioenergy
The evaluation of the bioenergy strategy was mainly consistent in both regions. The strategy
scored relatively low against the biophysical objectives, mainly because of concerns that removing an
excessive amount of coarse woody debris, which holds a key role in providing nutrients and habitats
to plants, animals, and insects, could lead to soil disturbance and negatively affect ecosystem services
and ecological habitats (for instance, see [32]). Consequently, many participants agreed that sustainable
harvesting of residues should be ensured by identifying the ecologically valuable proportion of the
biomass that should be left on the forest ﬂoor (discussed in [53]). Participants did not appear to
associate bioenergy use from forest thinning for ﬁre risk reduction as a climate change adaptation
strategy, or a potential win-win strategy (see [54]).
Participants generally recognized the mitigation potential of limiting wood waste at harvest and
using a portion of harvest residues for energy to replace local fossil fuel use, especially since the carbon
would otherwise be emitted to the atmosphere, either progressively through decay or immediately
through slash-and-burn, as discussed by Miner, et al. [55] and Smyth, et al. [56]. Participants insisted
that bioenergy should only be used to replace emission-intensive fossil fuels such as coal and diesel, but
not clean energy (for example, see [57]). Many groups also discussed the fact that the strategy would
be most effective in the context of off-the-grid remote communities that are using emission-intensive
energy sources like diesel (discussed in [58]). Although it was not analysed or presented to participants,
many wished to stress that standing live trees should not be harvested to produce bioenergy. Standing
live trees are typically not harvested for bioenergy in BC since they typically provide greater mitigation
potential when used in long-lived wood products rather than to produce energy, which offers no or
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very little emission reductions (discussed in [5,59]). Some participants believed that the GHG emissions
generated by the transportation of harvest residues to the processing plant should be considered to
ensure the climate effectiveness of the activity.
The strategy scored relatively high against economic and social objectives. Many groups
anticipated that this strategy could lead to the creation of a new industry, involving the construction of
a “bioenergy grid” and numerous processing plants with the potential to stimulate economic and local
development and generate employment in many regions. Some participants also highlighted technical
issues associated with transportation (i.e., extensive distance between residues and processing plants)
and the high upfront cost of building new processing plants, and questioned the cost-effectiveness of
the strategy compared to other options. Finally, while many participants believed that the strategy
would receive public and political support, some feared that bioenergy is still perceived as a “dirty
industry” because of air pollution.
Higher Utilization
Most groups were supportive of the strategy, mentioning that there is a great need to improve
harvesting practice to reduce waste that could otherwise be utilized. However, the strategy’s low
cumulative derived preference (Figure 7) can be partly attributed to the fact that many participants
expressed doubts regarding its technical feasibility. While they agreed that gains at harvest can be made
in some areas (i.e., it is possible to extract and make greater use of harvested material), reservations
were expressed regarding the assumption that the same quality of wood products could be produced
with the extra wood extracted. This feeling was stronger in the interior, where many participants
judged that forest companies already maximize the amount of wood they can cost-effectively extract
from harvested areas.
Similar to the bioenergy strategy, some participants explained that removing an excessive amount
of wood debris could negatively affect climate change adaptation and forest resilience, ecosystem
services, and biodiversity. Nonetheless, some participants advocated the strategy for its potential to
lower the area harvested each year (because more wood is extracted per hectares, a given harvest
volume can be achieved from less area). Higher utilization scored relatively high in terms of its
climate change mitigation potential, with many participants highlighting the beneﬁts of reducing both
the amount of harvesting waste left to decay or to be burned on site and the area harvested while
maintaining carbon transfer into wood products (discussed in [5,56]).
Many groups claimed that “reducing waste” in the forest sector would receive signiﬁcant social
licence due to the negative perception associated with big slash piles. The strategy’s relatively low
performance against the economic and social objectives is partly due to the technical reservations
previously discussed and the high perceived cost associated with implementing the strategy.
Longer-Lived Wood Products (LLWP)
Participants from both regions highlighted the fact that producing a higher proportion of
longer-lived wood products to the detriment of pulp and paper products did not really affect forest
management on the ground and therefore had no real impact on the ﬁrst three biophysical objectives
(most groups gave a neutral score).
Participants from both regions agreed that there should be a positive climate change mitigation
potential. While the strategy scored higher than all other strategies in relation to mitigation potential
on the coast, it was perceived as a relatively less effective strategy on average in the interior. This
discrepancy can be explained by the concerns brought up by various participants in regards to what
percent of the carbon removed through harvesting was considered to remain stored and the extent
to which there would be substitution in wood products. In effect, without contesting the beneﬁts
associated with the production of wood products, some participants highlighted the uncertainties
associated with factors used to calculate carbon storage and displacement effects (for instance,
see [53,56,60]), expressing a concern that the current numbers may overestimate the beneﬁt of using
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harvested wood products. Others also discussed the issues associated with leakage (i.e., emissions
avoided in one location simply occur in another location, see [61]), pointing out that the paper
products that are not produced in BC could simply be produced somewhere else if consumption does
not diminish.
In general, the strategy performed well against economic and social objectives. Various
participants hoped that such a strategy could stimulate innovation and the development of new
technologies maximizing the use of lower quality biomass (e.g., harvest residues). However, other
participants, mostly on the coast, mentioned that such a strategy would be challenging to implement
due to the current lack of technical capacity to allow for the transformation of low quality timber into
longer-lived wood products. Others also feared that transitional issues in terms of political feasibility
and economic impacts would arise in the short term because of a reduction in the production of pulp
and paper, which could lead, for instance, to mill closure and the loss of employment in certain regions.
Reduced Harvest
Reduced harvest, which scored similarly in both regions, was deemed effective at increasing
climate change adaptation and forest resilience and maintaining ecosystem services and existing
biodiversity because it allowed for the conservation of more forest areas. However, it was pointed
out that this strategy could also be detrimental in the long term since it would reduce the possibility
of implementing reforestation strategies to adapt to climate change in BC’s forests, including the
use of genomic-assisted seed selection (i.e., selecting seeds from trees that are genetically adapted to
anticipated future climatic conditions; see [62]) and assisted migration (i.e., planting species in areas
that are anticipated to be climatically suitable in the future; see [63]).
While reducing harvest scored relatively high in terms of climate change mitigation, mainly
because of an expected increase in carbon density at the landscape level, some groups argued that the
strategy could signiﬁcantly reduce the carbon storage and substitution beneﬁts associated with wood
products, and that leakage could simply shift harvest to another location. Certain groups also discussed
the risk of reversal, that is when the mitigation beneﬁts of a strategy are compromised by natural
disturbances such as wildﬁre or insect outbreaks (see [64]). Such natural disturbances are expected
to increase both in intensity and frequency in BC and in Canada [17,65,66], indicating the risk that
conserved forests may become carbon sources in future years. This issue was particularly emphasized
in the interior region where frequent natural disturbances make it difﬁcult to establish forest carbon
reserves through conservation strategies. As Stinson and Freedman [33] (p. 12) explain, the obstacles
associated with frequent natural disturbances are common to most of Canada’s forests, where “it may
not be feasible to establish protected forest-carbon reserves for the purposes of sequestering and
maintaining carbon on the landscape”.
The strategy scored lowest against all of the economic and social objectives in both regions.
In general, reducing harvest was expected to have negative economic and employment impacts at the
provincial and local levels. Nonetheless, a few groups, mainly on the coast, believed that reducing
harvest could stimulate non-traditional forestry activities (e.g., tourism, use of non-timber forest
products) and, in the long term, induce innovation in the forest sector.
Old Growth Conservation
Conserving old growth forests obtained the highest aggregated score in both regions (Figure 7).
However, some participants questioned the deﬁnition of old growth forests used in the modelling of
the strategy (i.e., forests of over 250 years old), pointing out that age class of old growth forests varies
greatly between the coast and the interior.
In general, the strategy was considered the most effective at increasing forest resilience and
maintaining ecosystem services and biodiversity. It was also considered extremely effective at
mitigating climate change, even though issues were raised. First, as with the reduced harvest strategy,
various groups discussed the risks associated with reversal. That being said, while natural disturbances
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are frequent in the interior and could prevent conservation initiatives, various participants highlighted
the conservation opportunities found in BC’s coastal temperate rainforests that are characterized by
very infrequent disturbance natural patterns and a high carbon density [32,33,67].
Second, many groups spent a considerable amount of time discussing the rate of carbon uptake in
old growth forests. Disagreement arose over whether or not carbon uptake by old growth forests (and
therefore their potential role at mitigating climate change) was undervalued by conventional forest
carbon science, which treats older forests as offering a lower carbon uptake than younger maturing
forests [19,68]. Under such conditions, “a conservation strategy with no or limited harvest is expected
to yield landscapes with high carbon density (but lower uptake rates), whereas a strategy that involved
intensive management will yield a forest landscape with a lower carbon density but a higher carbon
uptake rate” [19] (p. 306). Notwithstanding the conclusions of these discussions, most groups agreed
that conserving old growth forests, particularly the temperate rainforests found on BC’s coastal region,
should be done in spite of uncertainties associated with its climate effectiveness. That being said, some
participants, particularly from the forest industry, indicated that large scale old growth conservation
could be detrimental to BC’s forest sector (e.g., reduction of annual allowable cut, loss of employment)
and should thus be implemented with caution.
Conserving old growth forests also scored the highest in terms of social license, with many
participants discussing the historical willingness found in BC’s population for old growth forest
conservation [69,70]. However, trade-offs between social license and political feasibility were also
highlighted, suggesting that possible resistance from the forest industry and forest-dependent
communities could complicate the implementation of the strategy. The strategy scored somewhat
lower against the economic and social objectives for many of the same reasons as the reduced harvest
strategy (e.g., negative impact on economy and employment). Nevertheless, in contrast to the reduced
harvest strategy that focuses solely on reducing harvesting, various groups believed that targeting the
conservation of old growth forests could provide further economic beneﬁts associated with tourism.
Rehabilitation
Rehabilitation received the second highest cumulative score in both regions (Figure 7).
Nonetheless, many participants argued that this strategy was mostly applicable and beneﬁcial in
the interior, where various opportunities exist to plant trees in areas that have been damaged by recent
wildﬁres or insect infestation [17] and are not successfully regrowing. In contrast, participants on the
coast agreed that a rehabilitation strategy should focus mostly on ecosystem and habitat restoration
activities. While various groups from the coast evaluated the strategy with such activities in mind,
two groups in the coast workshops (one in Vancouver, one in Nanaimo) decided to skip the evaluation
of the strategy because they judged it to be inapplicable.
Participants from both regions agreed that the strategy has the potential to increase climate change
adaptation and forest resilience, provided that it includes activities focused on adaptation (e.g., use
of improved seeds, assisted migration), as discussed above in the context of the reduced harvest
strategy. Similarly, participants mentioned that rehabilitating forests could beneﬁt ecosystem services
and biodiversity only if it focuses on re-establishing and/or improving ecological and structural
characteristics, species diversity and composition, and ecological processes. However, many groups
gave a lower score to the strategy because they feared that the reforestation/rehabilitation actions
would focus on monocultures of only a few commercial species.
Participants on the coast considered that the strategy had positive, although limited, potential
to generate climate change mitigation. In contrast, participants from the interior assessed it as the
most effective strategy for mitigation because of the climate beneﬁts associated with increased carbon
sequestration due to accelerated regrowth.
Participants all agreed that rehabilitation would receive strong public support, thereby supporting
BC government’s Forest Carbon Initiative, which will focus on “the reduction of carbon emissions in
the forest sector and the capture of carbon through the restoration of forests damaged by disease and
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wildﬁre” [9]. The rehabilitation strategy was also positively appraised in term of its economic and
social impact, mainly because participants judged that it has the inherent capacity to stimulate the
economy by generating employment and helping to more quickly re-establish the province’s timber
supply that has been reduced by the recent mountain pine beetle epidemics [71]. However, participants
also discussed the high cost associated with the strategy, pointing out the large areas of forests that
were affected in recent years and would need to be rehabilitated.
4.2.2. Individual Support for Strategies: Regional and Sectoral Variations
Figure 8 shows the results from the post-workshop survey where participants identiﬁed their
individual level of support for or opposition to the different mitigation strategies in their respective
region (i.e., coast or interior). On average, participants supported each of the six strategies, with
signiﬁcant difference in the levels of support between strategies on the coast (Kruskall wallis:
H(5) = 17.5, p = 0.004), but not in the interior (Kruskall wallis: H(5) = 2.8, p = 0.73). The coastal
participants tended to be more supportive than the interior participants.

Figure 8. Degree of support for, or opposition to the strategies, as indicated in the individual
post-workshop survey.

Long-lived wood products (LLWP), higher utilization, and rehabilitation are the strategies that
received the greatest support in both regions, which somewhat differs from the results of the group
evaluation where old growth conservation ranked the highest. Two reasons may explain this ﬁnding.
First, participants may support a strategy even though they do not perceive it as the best performing,
43

Forests 2018, 9, 225

especially since participants could support more than one strategy. This is particularly important
in the context of forest carbon management in BC, since only an approach that combines various
strategies that are adapted to geographical and economic particularities will be able to maximize
climate beneﬁt [5,56,68]. Second, as previously explained, the LLWP strategy was judged as having no
impact on most biophysical objectives, meaning that its cumulative derived preference averaged lower
than other strategies.
Our results suggest that, in general, there is little divergence in the levels of support for each
of the strategies between regions and between groups of actors, which is not dissimilar to what
was previously found in BC [12]. In effect, no signiﬁcant difference was found between regions,
and only one signiﬁcant difference between groups arose, for old growth conservation (Kruskall wallis
H(7) = 15.4, p = 0.03), where the mean response of NGOs (1.65) was signiﬁcantly higher than the forest
industry (−0.143, p = 0.01). This divergence in support for the old growth strategy also highlights the
enduring division between the environmental movement and the forest industry regarding the role
and importance of conserving old growth forests in BC [69,70,72]. The fact that NGOs were the best
represented group in the evaluation exercise (25% of participants), combined with their advocacy for
increasing old growth conservation, might partly explain why the old growth conservation strategy
performed so well in the evaluation exercise. A greater participation from the forest industry, which
was more likely to oppose the strategy, might have shifted the overall results.
The results in Figure 8 also demonstrate relatively few cases of strong opposition and extreme
polarity in response to alternative scenarios. Only with the higher utilization and bioenergy scenarios
in the Interior was there a substantive minority (>10% of participants) strongly opposed, and every
scenario had substantially more participants who were strongly supportive then strongly opposed.
This suggests that the level of controversy or polarity in public preference may not be high with any of
these options.
5. Conclusions
This study examined what objectives are prioritized by stakeholders and Indigenous Peoples
when discussing forest carbon mitigation in BC’s forests, as well as the perceived effectiveness of,
and levels of support for, six forest-based carbon mitigation strategies through their participation
in an analytical-deliberative engagement process. Our study effectively demonstrates the potential
and efﬁcacy of this non-traditional method in informing a variety of stakeholders in different regions,
and generating consistent results with a surprising degree of consensus on both key objectives and
preference for mitigation alternatives.
Participants identiﬁed a total of 11 objectives that can be classiﬁed into four categories: biophysical,
economic, social, and procedural. On average, participants ascribed a higher level of importance to
biophysical and procedural objectives than to economic and social objectives. Conservation-focused
strategies (i.e., old growth conservation and reduced harvest) generally performed better against
biophysical objectives and were often judged as more adapted for the coastal region (although old
growth conservation opportunities also exist and were pointed out in the interior), whereas strategies
focused on improving forest management (i.e., higher utilization, bioenergy, rehabilitation, LLWP)
scored higher against economic and social objectives and were generally perceived as most relevant in
the interior. The greater weights granted to biophysical objectives therefore partly explain why old
growth conservation, and reduced harvest to a lesser extent, performed relatively well in terms of their
cumulative derived preferences.
On average, all strategies received positive cumulative derived preferences (i.e., all higher than
60%) and individual levels of support, indicating that stakeholders and Indigenous Peoples are inclined
to consider alternative practices in managing forests and wood products in the context of climate
change mitigation. However, participants also raised various issues that require consideration. Most
notably, questions were raised regarding assumptions used in the modelling (e.g., the rate of carbon
intake in old forests, displacement factors), the costs associated with implementing certain strategies
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(e.g., rehabilitation, higher utilization and bioenergy), and technical limitations that might impede
some strategies (e.g., engineering capacity to transform low grade harvested material into longer-lived
wood products). Additionally, questions were raised about the potential negative impacts of certain
strategies on ecosystems and forest health (e.g., bioenergy, higher utilization), issues that were not
addressed in the modelling.
In addition, many participants argued that some strategies, including old growth conservation,
and to a lesser extent reduced harvest, should be implemented for reasons other than their climate
effectiveness (e.g., biodiversity conservation). However, it was also noted that the expected increase
in natural disturbances due to climate change could limit the capacity to effectively implement these
strategies, particularly in the interior region. This constraint is particularly important in a context
where massive ﬁre and insect outbreaks are typically hard to contain [65], and ﬁre suppression can
sometimes lead to unwanted consequences, leading to the view that it should be implemented with
caution [32]. For instance, one cause of the massive mountain pine beetle outbreak of the 2000s is that
the proportion of mature pine, which is more vulnerable to the beetles, tripled between 1910 and 2000
because of historic ﬁre repression [73]. Consequently, participants agreed that forest management
strategies should aim as much as possible to rebuild the natural resilience of forests to disturbance and
increase their adaptability to climate change.
Very little variation in levels of support for the strategies was found across regions and groups of
actors, with the only signiﬁcant difference found between NGOs and the forest industry in terms of
their support for the old growth conservation strategy. That being said, the unbalanced representation
of different groups of actors in the workshops, with a marked dominance of NGOs and forestry
professionals (accounting together for nearly 50% of participants), might still have inﬂuenced and
somewhat biased the group evaluation of the strategies.
To conclude, the diversity of mitigation options, combined with their associated uncertainties
and complexity, points to a crucial question: how are we to take advantage of alignments and make
trade-offs to identify the best portfolio of mitigation strategies? According to recent studies, forest
carbon mitigation in Canada [37,56,68], as well as other parts of the world (e.g., Sweden [74]; USA [75]),
cannot be maximized by implementing a single strategy, but rather with combinations of options
adapted to geographical particularities. Only a systems perspective taking into account all the carbon
pools and ﬂuxes will allow identiﬁcation of the best mitigation scenario(s) and an understanding
of the trade-offs between increasing carbon storage in forest ecosystems or increasing it in wood
products [2,18,20]. Forest carbon mitigation will also need to be conceived and implemented together
with climate change adaptation strategies and with other biophysical, procedural, economic, and
social objectives in mind. This paper provides a ﬁrst overview of these alignments and trade-offs.
A sustained consideration of the perceptions of all interested and affected parties during the design and
implementation of a provincial forest carbon management strategy, as carried out with this approach
to analytic deliberative participation, could help legitimize the process and ensure/sustain its public
acceptance and perceived effectiveness. Investment in carbon-focused management actions in public
forests will also require increased monitoring and reporting of management outcomes. This will
increase the accountability of the managers, particularly in countries where forests are predominantly
publicly owned. Transparency and accountability will be a key prerequisite to sustain public support
and investments in carbon-focused forest management.
Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/9/4/225/s1,
Two primers used as consultation documents for the ﬁrst and second series of workshops respectively; Table S1:
Results of the biophysical and socio-economic modelling that were provided to participants during the second
series of workshops.
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Abstract: Society’s participation in decisions regarding land planning and management is essential
for reaching viable and long-lasting solutions. The success of forest plans depends on the involvement
of different stakeholders. In turn, stakeholder involvement depends on the representativity achieved
in public participation in the development of the plan. The ﬁrst stage, diffusion, is the key element
in the process. This paper describes a methodology for the diffusion stage that obtains six times
more participants than a similar process. Its aim is to achieve stakeholder representativity in the
forestry sector in forest planning at a subregional level. The methodology is validated and applied
in a municipality of Galicia, north-west Spain. It is evaluated in terms of efﬁciency considering the
effort in each stage and the results achieved.
Keywords: participatory process; forest governance; diffusion; social forestry; stakeholder analysis

1. Introduction
Land planning is a complex issue [1,2], an active process that requires careful thought about
the future and involves the coordination of all relevant activities for achieving speciﬁed goals and
objectives [2]. Planning is an integral component of forest management. It is about determining and
expressing the goals and objectives of the government, rural communities or companies, and deciding
the targets and steps that should be taken to achieve these objectives [2]. Planning is not necessarily
a complicated process, but it requires clear objectives. It requires imagination and a willingness to
consider all points of view relevant to a given situation. The planning process should lead to a balanced
outlook from which proposals for effective management can be written [3].
There is no single universal public participation model, but different ones depending on each
particular case [4]. The studies examined in Table 1 propose different solutions to the issue of the number
of stakeholders involved. The average is of four categories—generic groups of stakeholders—14 groups
and 54 participants. There is a higher variability in the number of participants than in the number of
stakeholders. It is interesting to identify the elements used to classify and identify stakeholders in the
different cases (Table 1) regardless of the place where they are implemented.
The inclusion of people’s opinions about the technical aspects of forest resources and their
management has sparked scientiﬁc debate [5–11]. In a modern sense, public participation in the
devising of forest plans is, preferably, voluntary [12,13]. Within public participation processes, people,
individually or in organized groups, can exchange information, express opinions and articulate
interests with the aim of inﬂuencing the ﬁnal result of decision-making [12–14]. It is both an opportunity
and a need for society today, as it is a useful tool to avoid conﬂicts, share information and encourage
good relations with the planning team [15–19]. Public participation contributes to democratization
through the reinforcement of transparency in decision-making: it increases the plurality of aims,
encourages mutual learning, and increases the awareness of collective responsibility for natural
resource-management questions [20–23].
Forests 2018, 9, 240; doi:10.3390/f9050240
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There are several levels of participation within decision-making processes in forest-resource
planning. They range from passive participation, where stakeholders are informed about the decisions
made by others, to interactive participation, which involves joint decision-making and shared
responsibility [20,24–26].
A thorough analysis and classiﬁcation of stakeholders is essential in the beginning of a public
participation process. If important stakeholders are left out, key issues may be ignored and the
assessment of the situation will be incomplete [9,27]. A second risk of leaving out key stakeholders
is that those key stakeholders will use their exclusion to attack the legitimacy of the process as a
whole [28] Multifunctional and modern management requires coordination and agreement between
diverging and contradictory stakeholders. Therefore, mutual communication and participation of all
identiﬁed stakeholders is necessary [13].
The process of public participation is divided into three consecutive stages: diffusion, debate
and proposals. There are many references in the literature regarding the last two stages, debate and
proposal selection, especially to the use of multiple criteria decision analysis (MCDA) tools, described
by Hwang and Yoon [29], and used by authors such as: Pykäläinen et al. [30], Kangas and Kangas [31],
Ananda and Herath [32,33], Maness and Farrell [34], Laukanen et al. [35], Sheppard and Meitner [36],
Hiltunen et al. [37], Ananda and Herath [38], and Hiltunen et al. [19].
There is an international agreement that participation is a basic principle in forest-resource
plans [39,40], but there are no guidelines regarding who should participate [39,41]. Grimble and
Wellard [42], Banville et al. [43] and Nordström et al. [27] deﬁne the stakeholder as “someone who
is affected by or can affect the situation in some way; that is, the stakeholders have vested interests
in the decision problem”. Therefore, stakeholders are the people and the institutions that depend
on or obtain beneﬁts from forest resources or those that decide, control or regulate access to those
resources [36]. According to this, stakeholders may or may not be formally organized and individual or
collective. For us, participants are the people taking part in the participation process who are members
of at least one stakeholder. Sheppard and Meitner [36] propose the classiﬁcation of participants
according to criteria related to property rights, the history of planning processes, reputation, inﬂuence
and importance. Gong et al. [44] consider property rights, social capital and contractual rules as
key elements. Nordström et al. [27] consider that the aims of stakeholder analysis stem from the
identiﬁcation of the most relevant stakeholders and the determination of the scope of their participation.
On the one hand, Tikkanen et al. [45] divide stakeholders in the forestry sector on a regional level into
three main groups of cooperation: private forestry-oriented, environment and nature-oriented, and
background (the background group is formed by those participants with a mixed orientation between
economic and environmental criteria). This clear division may lead the participants to defend their own
interests instead of truly collaborating with others. On the other hand, Leskinen [7] observed that each
group of actors has similar aims in relation with forestry programs in all the regions studied, regardless
of the characteristics of the forests or the socioeconomic structure of the region. This conﬁrms the
existence of general categories of stakeholders [18]. Recently, Paletto et al. [46] propose a non-subjective
method to identify and classify stakeholders by social network analysis (SNA).
O’Neill [47] and Elsasser [39] determined representativity as the main issue in any public
participation process. In this sense, a broad representation of various interests in the planing process
is essential (McCool and Gutrie [48]. Sheppard and Meitner [36] present several criteria for an
effective participatory process and the ﬁrst is a broad representation of stakeholders. For Buchy and
Hoverman [28], representativity is one of the four principles of good practices in public participation
from the perspective of the inclusión of all those who would like to participate and to facilitate
their participation. Since there is no clear deﬁnition, from the perspective of public participation we
understand representativity as a balanced and reliable participation of the people and organization
with interests in the territory to be planned. Reliable participation is reached when stakeholders and
territories are minimally represented in the process.
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Examples of different methodologies applied to public participation processes are those by Sheppard
and Meitner [36], Martins and Borges [49], Díaz-Balteiro and Romero [1], Food and Agriculture
Organization (FAO) [50], Kangas et al. [21], and Paletto et al. [46]. All these works have in common
the fact that the process starts with a diffusion stage and includes an appeal for the participation of the
population. Authors such as FAO [50], Beierle and Cayford [51], Higgs et al. [25] pose the key questions
of who must participate and when. The process has to guarantee representativity [52], a balanced
composition of the participating groups [24,53], and the integration of public participation within
the technical process for the development of the plan. “The development of rural landscapes is a
major challenge for planning and puts a great degree of responsibility in the hands of decision-makers.
But successful planning depends on the acceptance of the public and thus interests of stakeholders play
a crucial role” [54]. Diffusion is key in the participative process since it arises from people’s interest in
taking part in the process from the beginning. The principles for the success of the public participation
process stated by Nordström et al. [27] depend on this stage.
Public participation in forest-plan design has been a source of scientific debate [55]. Our contribution
in this paper is to answer questions such as who can and must participate in these processes; how many
people and how many members of each group can and must participate; how participation should take
place; and how much is the cost associated with this process is. To achieve this goal, we propose a
methodology of diffusion as a ﬁrst stage of the public participation process. The methodology is
validated in a tactical forest plan in the forest district of Fonsagrada-Os Ancares in the autonomous
community of Galicia, north-west Spain.
Table 1. Characteristics of participants in different public participation processes.
Case

Surface

Number of Categories

Stakeholders

Participants

Reference

Ostrobothnia region of the Coastal
Forestry Centre

528,000 ha
forest

-

5

20

[55]

Arrow Forest District

km2

-

9

47

[36]

Finnish National
Forest Programme

-

-

12

74

[56]

Portuguese Chamusca County

-

4

11

32 out of
22 entities

[57]

Comunità Montana Collina
Materana

60,784 ha
(19.8% forest)

2

9

63

[58,59]

Västerbotten in northern Sweden

8637 ha

4

33

-

[27]

Distretto Arci-Grighine

55,183 ha
(43.20% forest)

2

12

124

[58,59]

NRP in Eastern and Western
Lapland, Finland.

1.1 million ha
forest

-

8

16

[19]

Regional Forest Programmes
in Finland

-

8

40

-

[21]

Average

-

4

14

54

-

6

150

1419

Variance

40,000

2. Material and Methods
2.1. The Case Study Area
In the case of Galicia (north-west Spain) (Figure 1), the forest area of 2,060,453 ha accounts for 69% of
the region. It has a high potential for forest productivity [60]. In the year 2010, this reached 6,868,500 m3 ,
which represents 50% of Spanish timber production and about 4.5% of that in the European Union [60].
Galicia is characterized by the presence of small forest owners [61,62], agricultural exploitation [63–65],
and a mosaic of cropped and livestock-farmed and forested land [66]. For 40 years there has been an
increase in the process of afforestation in different agricultural areas and in the abandonment of rural
activities [67], together with a sharp decrease in population in rural areas [67].
Forests have been managed primarily by individual private owners. Over 96.6% of forest lands in
Galicia are privately held and about 63.7% of forest land is managed by 672,618 individual private
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owners, with an average forest land of 1.8 ha per owner [62]. Farmers comprise 29.8% of these owners
and 19.5% of them own productive and commercial woodlands [62]. The remaining private forests
correspond to communal forests, named Montes Veciñais en Man Común (MVMC), a communal
form of private land tenure. There are 2878 MVMC units, with an average area of 230 ha [68].
Woodlands account for 15.1% of the MVMC land and 81.5% of the individual private area [68]. Thus,
in contrast with the situation reported for forests owned by individual private owners, Galician
communal forests have a huge potential for forest exploitation because of their large average size.
Moreover, Galician communal forests have considerable economic power and rely on integrated and
professional management.

Figure 1. Location of the Fonsagrada-Ancares forest district.

The study area was the Fonsagrada-Ancares forest district, made up of nine municipalities in the
eastern part of the province of Lugo (Figure 1) (geographical coordinates: 43◦ 18 , 7◦ 0 North, 42◦ 36 ,
7◦ 3 South, 42◦ 54 N, 7◦ 19 West and 42◦ 51 , 6◦ 44 East). Forested land covers a total area of 87,828 ha.
63.6%. It is rural area of 1728 km2 with a population of 19,111 people [69] and a population density of
11.06 people/km2 that is unevenly spread and far below the European average of 116 people/km2 [70].
The area is becoming increasingly depopulated due to the lack of services and economic
opportunities to replace agriculture and cattle breeding. The population pyramid, in Figure 2,
shows the regressive trend characteristic of ageing populations. As a result of the loss of population,
the physiographic characteristics and suitable productive capacity, the forest surface has increased to
up to 65% of the total surface today [67].

Figure 2. Population pyramid of the Fonsagrada-Os Ancares forest district.
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2.2. Methods
The methodology, shown in Figure 3, has been developed considering our experience in several
participation processes using different methodologies. We know the importance of incorporating a
sufﬁcient number of participants from the ﬁrst stages of the plan onwards. We also know how difﬁcult
it is to incorporate new participants once the process has begun. The proposal consists of four stages
that have to be developed in a short period of time and in a coordinated form to solve the problems
that may arise. We explain each stage in the following sections.

Figure 3. Stages in the diffusion phase.

2.2.1. Stakeholder Analysis
First, the agents involved must be characterized, considering current property rights, planning
process history in the area, and previous knowledge about the social framework. Then, the following
classiﬁcation criteria are established: (1) importance of the different stakeholders; (2) experience in
participation; (3) necessity of sectorial and territorial representation.
We propose three categories to answer the basic questions about a forest plot: (a) who owns it;
(b) who can use it; and (c) who regulates it, as shown in Figure 4. The stakeholders in the area are
selected from within these categories. The process of stakeholder selection makes it possible to carry
out the diffusion stage directed towards the most representative, who are those directly affected by
the decisions of the plan. A minimum number of participants, distributed by sectors and by territory,
must be initially determined for a correct representativity in the participative process. This percentage
is established as a balance between the statistical and technical rigor of the work and the ﬁnancial
resources and staff availability.
We drew up a census of potential participants in the process distributed by territory and
stakeholder. Then, we established a ﬁrst objective so that a minimum percentage of the population
attended the meetings (territory). After that, we established further minimum percentages for
the involvement in the process of each stakeholder. This two-fold process aims at territorial and
sectorial representativity.
2.2.2. Adjustment of Strategy
Once the stakeholders are identiﬁed, diffusion must be carried out with two types of strategy:
generic and speciﬁc.
(i) Generic: a simple message is broadcast by different media so that it reaches all stakeholders.
Its aims are (1) to announce the beginning of the public participation process; and (2) to call for
informative meetings on a local level.
(ii) Speciﬁc: this strategy is adapted to each stakeholder. It consists of three parts: (1) identiﬁcation
of leaders and representatives; (2) creation of a speciﬁc message for each group coordinated with the
54

Forests 2018, 9, 240

general message; (3) setting up of a system of communication that guarantees that the leaders receive
the message. Figure 5 shows the ﬁrst two stages of the speciﬁc strategies. The letters (A, B, C, D, E . . . )
represent the different stakeholders. The size of the ﬁgures represents the numerical weight of each
stakeholder. Their superposition represents the existence of a range of individuals that belong to two
or more stakeholders, since excluding criteria are not considered. The letters MG stand for general
message and M1, M2, M3 . . . represent speciﬁc messages.

Figure 4. Distribution categories of stakeholders.

Figure 5. Speciﬁc strategy in a public participation process.

2.2.3. Intensiﬁcation of Communication
Results of the incorporation of participants in the process and their distribution by groups are to
be analyzed and compared with the proposed aims. In case the aims are not fulﬁlled totally or partially,
both the message and the method will be revised. This revision is essential to improve the quality of
the process and to take corrective measures for its improvement [71].
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2.2.4. Opening of Process
Once the presence and the representation of all relevant and representative stakeholders of the
area has been guaranteed, the process is open to all those interested to ensure an open and democratic
process. There are some proposals for this stage that include the use of the internet in forest-resource
planning and teledemocracy [16]. The use of new technologies provides the process with transparency
and equity [25].
This can alter its development, but it is necessary to guarantee a real public participation
process [72], where all those affected have the chance of participating.
3. Results
3.1. Stakeholder Analysis
Twelve stakeholders have been identiﬁed in the process within the three main categories
established in the methodology. Both the number of categories (3) and the number of groups (12) are
similar to those published by other authors (see Table 1). Within the category of property, we included
individual and collective owners, known as comuneros, as they are the types of property present
in the area of validation [63]. We included the public administrations that regulate land-use and
forest activity within the category of regulators: local administration (municipalities) and forest
administration (dependent on the regional administration). We included eight stakeholders that
encompass the direct and indirect uses of forest resources within the category of resource users on the
territory: farmers, cattle breeders, beekeepers, hunters, companies, owner associations and non-proﬁt
organizations (represented by letters A, B, C, D, E in Figure 5). The identiﬁcation of these stakeholders
was carried out with a directed process that considers the social characteristics of the area and the
effective use of the forest resources. Maintaining the objective to achieve maximum representativity, we
established a guided model based on the social map of the territory, drawn up in the technical part of
the district’s forestry plan and studies, and previous experiences of the drafting team. Paletto et al. [46],
for the Forest Landscape Management Plan (FLMP) in Italy, use social network analysis (SNA) to
classify them into three categories: key, primary and secondary stakeholders, a ﬁgure equivalent to
that of this work.
In our study, the inhabitants are the people who live in the area that is subject to planning and
the potential participants are the people or groups that are members of the stakeholders that may
or may not live in the area that is subject to planning. The initial population is the whole of the
population whom the public participation process is aimed at. It is the sum of all potential participants.
We analysed the representativity of the potential participants in each group on this population (Table 2).
Table 2. Initial population by category and stakeholders.
Category

Stakeholder

Subtotal

Total

% Subtotal

% Total

Property

Individual forest owners 1
Collective forest owners 4

9776
8793

18,569

42.64
38.35

81

Regulator

Local administration 1
Forest administration 1

9
232

241

0.04
1.01

1.05

Resource user

Farmers and stockbreeders 2
Hunters 2
Beekeeper 2
Local forest company 3
Other related companies 3
Forest owners’ associations 1
Ecological groups 1
Non-proﬁt organizations 1

1983
1363
439
53
110
3

TOTAL

4116

165
22,926

1

8.65
5.95
1.91
0.23
0.48
0.01

17.95

0.72
22,926

100%

100%

Forest Resource Management Plan; 2 Consellería de Medio Rural, Xunta de Galicia; 3 Database SABI. (Bureau Van
Dijk); 4 INE (National Statistics Institute) and IGE (Galician Statistics Institute).

56

Forests 2018, 9, 240

We established a percentage of the census (1% in both cases) for the ﬁrst objective, who attended
the meeting of each municipality, and for the second, a percentage of participants of each stakeholder
in the participatory process. Tables 3–5 show the results obtained. We chose this limit after considering
the diagnosis of the current state of the population, a lack of participatory culture, demographic and
physiographic characteristics, and the distribution of population settings. Once we set the goal of
participation, the diffusion process started.
Table 3 shows the results obtained for the real distribution and for the theoretical distribution,
which was initially our aim.
Table 3. Initial real and theoretical distribution of representativity in the participation process.
Representatives

Groups
Individual forest owners
Collective forest owners
Farmers and stockbreeders
Hunters
Beekeeper
Local forest company
Other related companies
Local administration
Forest administration
Forest owners associations
Ecological groups
Non-proﬁt organizations
Total

Real

Theoretical

135
81
44
8
1
10
1
1
8
1
6
7
303

98
88
20
14
1
4
1
0
2
0
0
0
229

Table 4. Attendance at information meetings.
Information Meeting

Number of
People Present

Inhabitants

% Municipality

Initial
Population

% Initial
Population

Baleira
Baralla
Becerreá
Cervantes
A Fonsagrada
Navia de Suarna
Negueira de Muñiz
As Nogais
Pedraﬁta do Cebreiro
TOTAL

44
48
72
71
107
57
27
16
11
453

1658
3034
3264
1844
4748
1552
222
1421
1368
19,111

2.65
1.58
2.21
3.85
2.25
3.67
12.16
1.13
0.80
2.37

2230
2546
3406
2837
6317
1866
532
1552
1240
22,526

1.97
1.89
2.11
2.5
1.69
3.05
5.08
1.03
0.89
2.01

Table 5. Attendance at information meetings in the intensiﬁcation stage.
Information
Meeting

Number of
People Present

Inhabitants

% Municipality

Initial
Population

% Initial
Population

As Nogais
Pedraﬁta do Cebreiro

24
2

1421
1368

1.69
0.15

1552
1240

1.54
0.16

It can be seen that 8 of the 12 groups equal or exceed 1% of participants in the process and 4 do
not reach the minimum established. It was necessary to continue with the program and calendar for
the elaboration of the plan and take as reference the considerations of Vallejo and Hauselman [73]
in which they establish that a participatory process is a compromise between speed and legitimacy,
where speed will depend on the number of participants in the process. If the method does not allow
progress in the process quickly, the participants will abandon it. In turn, as Figure 5 shows, there is an
overlap among groups; some participants are, for example, owners, ranchers, comuneros, beekepers,
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etc. and it was considered that it was possible to guarantee the representativity of both groups and
territories according to the deﬁnition considered.
3.2. Adjustment of the Strategy
The generic strategy was based on meetings held in each municipality; 466 posters were
distributed in 425 population nucleuses, 43% of the total, to call for meetings. This informative
phase was reinforced with the distribution of 1600 brochures placed at the most accessible points:
health centers, administration ofﬁces. Attendance data for each meeting can be seen in Table 5 divided
by municipality. On the whole, 453 people attended, which amounts to 2.37% of inhabitants in the
area and 2.01% of the starting population.
Within a speciﬁc strategy, ﬁrst, we held a meeting with the local administration where we informed
them of the start of the forest plan and asked for their collaboration for the process. After that, we sent
329 letters with speciﬁc messages about the implications of the forest plan with acknowledgement of
receipt to the leaders of stakeholders within the categories of property and users. The message and
the means used to reach each stakeholder focused on the interests that each group has with respect
to forest planning. Thus, for example, for the forest communities, the importance to the plan of the
use of their forest was indicated; for the hunters, the implications of the plan for hunting species was
indicated; and for environmental groups the importance of the plan for conservation was indicated.
3.3. Intensiﬁcation of Communication
Analyzing the results of the previous stage, we noticed the low representation of two
municipalities: As Nogais and Piedraﬁta do Cebreiro. Therefore, we decided to reinforce the diffusion
strategy there by means of a new diffusion process and a call for a new informative meeting. The result
is shown in Table 6.
With this new process, we substantially increased the total percentage of attendance in the
municipality of As Nogais (2.57%). However, in the case of Piedraﬁta do Cebreiro, attendance was still
low (1.10%), just above the established limit as the aim for territorial representation.
Table 6. Registration ﬁgures in the participative process by municipality.
Municipality

Number of
People Present

Registered

% Registration

Initial
Population

% Initial
Population

Baleira
Baralla
Becerreá
Cervantes
A Fonsagrada
Navia de Suarna
Negueira de Muñiz
As Nogais
Pedraﬁta do Cebreiro
TOTAL

44
48
72
71
107
57
27
40
13
479

32
23
44
54
72
18
16
31
13
303

72.73
47.92
61.11
76.06
67.29
31.58
59.26
77.5
100
63.26

2230
2546
3406
2837
6317
1866
532
1552
1240
22,526

1.43
0.90
1.29
1.90
1.14
0.96
3.01
2.00
1.05
1.32

3.4. Opening of the Process
The process started on 22 December 2008 and ﬁnished on 28 August 2009. The web page
www.planforestaldistritovii.com had 2271 visits, 9.16 visits/day, 1030 different users (5% of the
district’s population), and an average duration of visit of 5 26 .
After the diffusion stage ﬁnished, the registration process started. 303 people registered (1.32% of
the initial population). The end of the diffusion process concluded with the possibility of signing
up in the participation process in the forest plan. This was for administrative requirements and the
convenience of being in contact with people interested in continuing to participate. In Table 7, we can
see the results organized by municipality (territorial level) and, in Table 8, organized by stakeholder
(sectorial level).
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Regarding the age of the participants, this encompassed people aged from 22 to 82, with more
participants over 65. Regarding their sex, over 94% were men. The misrepresentation of women
can be explained by cultural factors, as happens in other places [14]. In relation to training, 24% of
participants had a university degree, especially the younger ones, 23% completed sixth form, and 53%
had basic training.
Table 7. Number of people registered in each interest group.
Category

Stakeholders

Registered

%

% Initial
Population

Total

% Total

% Initial
Population

Property

Individual forest owners
Collective forest owners

135
81

44.55
26.73

1.38
0.92

216

71.29

1.16

Regulator

Local administration
Forest administration

1
9

0.33
2.97

11.11
3.45

10

3.30

4.15

Resource user

Farmers and stockbreeders
Hunters
Beekeeper
Local forest company
Other related companies
Forest owners associations
Ecological groups
Non-proﬁt organizations

44
8
1
10
1
6
3
4

14.52
2.64
0.33
3.30
0.33
1.98
0.99
1.32

2.22
0.59
0.23
18.87
0.91
3.8
1.9
100

77

TOTAL

303

100

-

303

2.22
1.02
25.41
7.74
100

-

3.5. Results of the Cost and Effort of Diffusion
The cost of the diffusion process was estimated by measuring the working hours of the technical
staff as indicators, with a result of 289 h. In Table 8, we can see the hours classiﬁed by stages. The most
time-consuming stage is that of the generic strategy, with 135.42 h (47% of resources). The effort in the
area of validation is 0.17 h of technical staff per square kilometer and 0.95 h per participant.
Table 8. Summary of diffusion cost by stage measured in technical staff working hours.
Stage

Effort (h Technical Staff)

% Effort

Previous
Outline peparation
Outline meeting
Diffusion preparation
Speciﬁc strategy
Diffusion meeting
Initial meeting
Meeting with mayors
District meeting
Letters
Generic strategic
Information meetings
Putting up posters
Total

130
40
10
80
23.5
6
4
4.5
3
6
135.42
13.07
122.35
288.92

45.00
13.84
3.46
27.69
8.13
2.08
1.38
1.56
1.04
2.08
46.87
4.52
42.35
100

4. Discussion
As stated by Aasetre [13], the different interests in the resources to be the subject of planning
must be key to deﬁning the structure of participation, so that the sensibilities that inﬂuence resource
management are included in the planning stage. In the proposed methodology, we identiﬁed three
universal types of stakeholders: property, forest-resource users and regulators. Other authors establish
different numbers: Kangas et al. [21] propose eight; Marques et al. [57] and Nordström et al. [27]
propose four; whereas Agnoloni et al. [58] and Ferretti et al. [59] propose two. The structure of
categories must be simple enough to be capable of extrapolation to a wide range of forest areas.
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They must also be homogeneous and internally coherent enough to be representative of the interests
in resources of each group and to represent all the sensibilities and interests in the land together.
The validation of the methodology has classiﬁed 12 groups of stakeholders in the study
area. These results coincide with those in Sheppard and Meitner [36], Primmer and Kyllönen [56],
Hiltunen et al. [19], Agnoloni et al. [58], Marques et al. [57], and Kangas et al. [21]. This may be
due to the repetition of a high number of stakeholders in different times and places. This common
group is associated with the categories of property and regulator. The higher or lower number of new
stakeholders is motivated by the complexity of the category of forest-resource users. This category
depends on the historical component of use and the relative importance of forest activity as a
socioeconomic activity, together with the level of deﬁnition of the classiﬁcation methodology used
by researchers.
Once the structure of participation has been developed, the next question is related to stakeholder
representativity. Our methodological proposal takes into account the proposals by Janse and
Konijnendijk [18] that considered that the number of participants was conditioned by factors related to
participation tools and communication, always adapted to the place and time of the process. As pointed
by Côté and Bouthillier [53], it is necessary to consider the dimension of the area and the time available
for the process.
There is a high number of participants in the validation, 303, 1.32% of the initial population, which
contrasts with an average of 54 in similar works consulted (Table 1). The territorial distribution is
considerably higher than the average of the referenced processes at 0.2 participants/km2 .
The results show that, using the validated methodology, we obtained six times more participants
than the average with a similar number of stakeholders. Our effort in the diffusion stage has allowed
us to obtain a level of representativity measurable in terms of stakeholders and territories. Gaining
participants in the amount and distribution considered as objective was not achieved in the ﬁrst stage,
and it was necessary to resort to the stage of intensiﬁcation of communication.
It is necessary to assess participant representativity [39,47] and whether participants are evenly
distributed [9,27,39]. Herein lies the importance that all interests groups are present and that their
representation in the public participation process is proportional to its real representation in the initial
population. The statistical validation guarantees the representativity of the process.
The next question answered is whether the diffusion process has been attractive enough.
We considered the relationship between the number of people registered and the number of those who
attended informative meetings. The global result is that 63.26% of participants in the meeting registered
and participated in the process. Purdon [74] stated the need for more transparent participative
processes so that they could be more attractive to the population. Leskinen [7] includes environmental
aspects which will raise people’s interest in participating in planning.
Deming [71] stated that one of the challenges of research in public participation is to achieve
efﬁcient methodologies. So far the works revised have not been concerned with this issue. However,
the results obtained with the methodology we propose show that the cost or effort is relatively low,
making it a highly efﬁcient methodological process.
The methodology proposed for the case study can be replicated in other forest-planning processes
taking into account the local characteristics in each area as key elements for the methodology’s
adaptation: to carry out a correct stakeholder analysis in the area, to establish a representation
percentage, a strategy considering the role of each stakeholder, and to increase diffusion in those
groups that do not reach the initial representation aim.
Currently, we do not have data about the cost of the diffusion stage of public participation
processes in forest planning. Our methodology aims to offer an answer to this question.
A more intensive process could improve performance and innovation [21,51]. In some processes,
participants ﬁnd that too much time is devoted to participation [21], so it is necessary to ﬁnd a balance
between participants’ time and the results aimed. Thus, it is necessary to use new technologies to
decrease displacements and meeting times.

60

Forests 2018, 9, 240

5. Conclusions
Public participation processes within forest plans are currently being debated. Our work attempts
to answer some of the uncertainties that have been formulated. After the implementation of the
diffusion stage in the forest plan in the district of Fonsagrada-Os Ancares some answers that help to
improve public participation can be provided for application to similar processes.
The diffusion stage has been proved to be an essential phase in the beginning of forest-resource
planning processes. It has a high inﬂuence in stakeholder representativity that will, in turn, inﬂuence
the rest of the processes, both regarding the quality of proposals and the actual forest management [75].
The literature reviewed, while highlighting the importance of diffusion in participatory processes,
does not clearly establish indicators of appropriate levels. Our contribution focuses on proposing
measurable objectives adapted to the characteristics of the area and a method to achieve them.
Diffusion processes are important because they provide the participative process with “raw
material” and “fuel”. The diffusion stage is a key element in the process because failure at this stage
means failure of the overall process. The aim of this is to raise interest and ensure a sufﬁcient number
of stable participants for the process to fulﬁl the representativity criteria. In this case, 63% of those
attending the information meetings participated in the whole process.
Once the aim of attracting the attention of a representative percentage of the population has
been fulﬁlled, the challenge is to keep the attention of the highest possible number of participants
throughout the process so that they provide information and knowledge right up to the conclusion of
the plan.
The minimum number of participants is going to depend on the percentage ﬁxed at the beginning
of the process, which must be established considering both the territory and the sector. The validation
of participant representativity will be determined by the fulﬁllment of the minimum percentage
(at territorial and sectorial level) and the analysis of theoretical participant distribution in contrast to
the actual distribution. In case the minimum percentage is not reached (1% of the initial population in
our case), it is necessary to increase diffusion until it is reached. It is also necessary to apply statistical
contrasts to verify that results have been achieved, in our case, the T test for dependent samples.
The cost of the process is a limiting factor for its generalization in an area. In this case, it has been
considered in every stage and the optimization of ﬁnancial resources has resulted in an economical
process with a total cost of 5 €/km2 or 25 €/participant.
When a process begins it is necessary to have real public participation and, in this sense, new
technologies are very efﬁcient at providing transparency, swiftness and equity in the process. In the
case described in this work, the web page of the forest plan ensured the transparency of the process,
allowing 5% of the population to follow it.
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Abstract: This paper formulates a new strategy for participatory forest management consisting of
encouraging public participation as long as it increases empathy among participants. The strategy
requires the homogeneous representation of the opinion of a participant (i.e., to determine how
they assess a forest plan and identify the best one). Utility assessments are prepared for participants
through pair-comparisons between meaningful points in the territory and from value functions based
on forest indicators. The best plan is designed by applying combinatorial optimization algorithms to
the utility of a participant. The calculating of empathy—of one participant relative to another—is
based on the equivalence of their respective utilities when the current forest plan is modiﬁed. This
involves calculating the opinions that are due to systematic changes in the collective plan for those
participants that each participant supposes will affect the utility of the other participants. Calculating
empathy also requires knowing the interactions among participants, which have been incorporated
through agent-based simulation models. Application of the above methodology has conﬁrmed the
association between increases in empathy and convergence of opinions in different scenarios: well and
medium-informed participants and with and without interaction among them, which veriﬁes the
proposed strategy. In addition, this strategy is easily integrated into available information systems
and its outcomes show advantages over current participatory applications.
Keywords: public participation; AI decision-making algorithms; empathetic utility functions;
assessment of sustainability

1. Introduction
The paper validates an Artiﬁcial Intelligence methodology applicable to forest management.
However, as in all AI process, the algorithms must be trained in the available data, never replicated.
This requires a type of manager able to understand the performance of algorithms in order to propose
modiﬁcations when they have to apply to real cases. The paper has been written by foresters for these
types of forest managers.
A challenge most of foresters must face is to increase social accountability. Therefore, we start
with a question: what would happen if we trust in others to make our own decisions?
Virtually all experiments show that the presence of a large number of decision makers improves
individual decisions [1]. The internet certainly allows the processing of information from many
participants, which mitigates the negative biases of individual decisions [2].
In addition, opinions often converge when working in trusted environments. In such
environments, each person takes the reasons of others into consideration. To do this, all reasons must
Forests 2018, 9, 399; doi:10.3390/f9070399
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be known (which requires them to be explicitly described). In addition, if someone considers other
reasons be reasonable, they ought to incorporate them into their personal judgments. Consequently,
opinions will converge as empathy increases among the people involved in participative processes
(participants). Empathy is reinforced using a common language of communication ICTs (Information
and Comunication Tecnologies) and when participants have been educated regarding shared ethical
and justice criteria.
However, it is more important to consider empathy as a dynamic process than to calculate it,
because it is the increase or decrease of empathy that governs the convergence of opinions. This paper
shows that it is possible to objectively measure the evolution of empathy throughout participatory
processes, and to do it automatically. This inspires a strategy for collective decision-making based
on conﬁdence scenarios: to encourage participatory processes while conﬁdence is increasing, and to
conclude them as soon as it ceases to increase. Decisions must then be made by applying the available
techniques for aggregation of opinions, but ﬁrst, it is necessary to have an objective representation of
the opinions in order to compare and aggregate them.
1.1. Representation of Opinions
This concept has been developed in past research and below we explain it succinctly. Below,
we describe the models required for the case of application in detail in the corresponding section.
All opinions have two aspects: the way in which a person assesses a solution and the identiﬁcation
of the best solution for a person. The following notation will be adopted in the rest of this paper: X is a
solution to a problem; A is an individual who participates in the collective decision-making; uA (X) is
the assessment of X made by A; and XA is the best solution for A. Consequently, A’s opinion will be
represented by the following pair: oA = [uA (X), XA ].
Assessment is not easy because multiple variables are usually required to describe solutions
(for example, a solution has a cost and a rate of return; generates a speciﬁc number of jobs, etc.).
Not everyone will have the same answer to questions of the type: Would you prefer a project costing €
2M and returning € 5M or another project costing € 0.5M and returning € 2M? Assessment is usually
individual for each person, and it is deduced from personal patterns of comparison. Assessment
transforms each person’s preferences into a numerical value that determines how a person assesses a
situation. When assessment is homogeneous, it allows third parties to make comparisons between
individual preferences: all they need to do is compare their respective numerical representations.
From a methodological point of view, there are three procedures for assessment:

•

•

•

Pair-wise comparison of alternatives—which leads to preference modeling (see, for example, [3]).
The evaluator directly compares pairs of alternatives to establish (subjectively) a preference
relation between them. The preference is obtained from the global knowledge the evaluator
has about alternatives and assessment derives—objectively—from the preference/indifference
relations in all the pairs of compared alternatives.
The aggregation of criteria through the building of a value (or utility) function (ﬁrst formalized
by Debreau [4]) Here, the preference is induced measures of the different consequences of the
alternatives being compared (consequences are objectively measured, for example, at a planning
level, they will incorporate environmental, social, and economic dimensions), and the meaning
that the evaluator attributes to the interrelationship between these consequences—which drives
to a subjective aggregation process.
Analysis of past decisions (developed from the works of Arrow [5]).

The outcomes arising from the application of the three procedures are interchangeable (see [6]),
which makes it possible to exchange the concepts of preference, utility, and choice (see, among other
authors, Suzumura [7] and Sen [8], for the integration of the available procedures). It is also possible
to apply the calculating capabilities of any of these methodologies to determine the outcomes in
the others.
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Assessment also helps obtain the solution that best ﬁts the preferences of a participant. However,
the number of solutions to forest management is normally so high that it is not operative to generate
all feasible solutions and then assesses all of them to identify the best one. Instead, combinatorial
optimization tools are applied to obtain acceptable solutions. In this context, the best solution is
obtained under risk conditions, which means adopting the solution with the highest probability of
satisfying the preferences of a speciﬁc participant. The building of this subjective likelihood is also
based on the assessment procedures.
The design of the “best solution” is solved methodologically (see, for example, [9]) by
applying different algorithms: recursive algorithms, heuristic optimization algorithms (mathematical
programming, Monte Carlo methods, genetic algorithms, simulations of natural systems, tabu-search,
etc.), and non-heuristic algorithms (basically neural network analysis), or a combination of all three.
1.2. Opinion Aggregation Techniques
Opinion aggregation plays a central role in the operation of collective decision making, but can a
group choose between different options?
When a large number of people make their judgments to assess a solution, there are as many
judgments that overestimate the solution as underestimate it. The result is that the average of
assessments tends to approach the real value. However, despite efforts to reach consensus, not all
members of a group must accept the aggregated solution. Some advances on these topics are
discussed below.
The work by Arrow [10]—inspired by the work of Borda [11] and Condorcet [12]—relates “social
choices” to individual preferences through social welfare functions. Unfortunately, results in this area
are pessimistic: even some very mild conditions of reasonableness could not be simultaneously satisﬁed
by a social choice. In consequence, aggregation of opinions will usually involve circumventing Arrow’s
impossibility theorem by relaxing some of its applicability conditions (see, for example, [13,14]).
Social choice is focused on voting, which is the natural way that decisions are made in a democracy.
However, voting is not harmless: methods expressing preferences can be manipulated to guarantee a
choice of certain alternatives a priori [15]. Also, majority voting systems do not consider the choice of
alternatives representing minorities. Currently, there are other social-choice mechanisms based on Web
2.0 tools: document ranking, folksonomy, recommender systems, open software, electronic prediction
markets, and wikis. Sadly, these methods also need to relax even the softest reasonableness conditions
to achieve collective decisions.
Parallel to social choice, the utilitarian approach [16,17]—inspired by Bentham [18]—used the
aggregation of individual utilities to obtain evaluations of social interest. They were concerned
with the total utility of the community, but they did not incorporate how utility is distributed or
concentrated [19]. However, the arising of the logical positivism [20] allowed the identiﬁcation of
individual gains and losses, which made it possible to progress toward the “interpersonal comparison
of utilities”. This enables the use of many different types of welfare rules (egalitarianism, envy-freeness,
etc.), which differ in that way that fairness and efﬁciency are handled.
However, is it possible to make comparisons between the utilities of two or more people?
There has been progress in this regard (see, for example, [21]) interpersonal utility comparisons
have been developed from different postulates (as those proposed by [22]), and very general conditions
have been deﬁned for its implementation [23]. At present, the use of computational rules [24] allows
aggregation of opinions based on Harsanyi’s theory [25,26]. This theory adds the notion of empathetic
preferences [27–29] to Von Neuman-Morgenster’s hypotheses on utility and conﬁgures the paradigm
of aggregation described in this paper.
1.3. Available Computer Applications for Collective Decision-Making
The progress in collective decision-making (see, for example, [30]) has led to the implementation of
operative computer applications. All of them have important areas that require improvement, but the
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existing developments are already part of the solution rather than the problem. The applications
presented below are grouped based on the decision-making model on which they are based:
1.3.1. Type-A Applications
These models were based on formalizing strategies for games on a network and require the
current advances in computer technology and the methodology of information-decision systems.
In these models, each participant tries to maximize their personal gain, which leads to a reduction
in the earnings of others. There are two fundamental procedures: Group Decision Support Systems
(GDSS) [31] which aim to reach an overall negotiated decision among the participants through
face-to-face meetings; and the Social Decisions Support Systems (SDS) [32], which visualize the
ﬂow of discussion through a network of statements, opinions, arguments, and comments, which helps
to gain consensus before voting on an issue.
• A-1: Group Decision Support Systems—GDSS-.
The largest number of applications are in this group: PLEXSYS from the University of Arizona [33];
Colab, designed for Xerox at the Palo Alto Research Center, [34]; Shell GDSS, developed at the
University of Minnesota [31]; DECAID (Decision Aids for Groups), designed by [35]; LADN (Local
Area Decision Network) [36]; and SMU Decision Room Project [37–39]. However, the most widely
used is Loomio, which manages the decision-making in some emerging political parties in Europe [40].
• A-2: Social Decisions Support Systems—SDSS-.
Deliberative Opinion Poll (from Stanford University) [41].
1.3.2. Type-B Applications
In general, conﬂict resolution requires social collaboration, and this is where the generation of
conﬁdence becomes relevant for collective decisions. Applications in this area usually implement
models that simulate the propagation of opinions, as is done with infection or contagion processes.
In fact, social and environmental agents have always tried to know the propagation of their opinions
among the components of the society.
The software available to simulate these models is not strictly for collective decision-making,
but also for the analysis and processing of information (structured and unstructured) with multiple
receivers. However, some applications have evolved to provide an aggregate solution by focusing on
different aspects. We can distinguish between applications [42] that prioritize,





organization of information
-Paramount [43] Decisions
-Analytica [44]
assessment made by multiple agents
-1000 Minds of IBM [45] and
Application of procedures to predict the evolution of systems (analysis of dynamic systems and
agent-based simulation models) [46].

1.3.3. Type-C Applications
In the end, although the emphasis may be at one end of the spectrum, systems that consider both
personal preferences and social interactions usually ﬁt the population’s view better than systems that
consider just one of these circumstances. Applications in this ﬁeld lead to effective solutions, although
they are not always efﬁcient. Two programs are the most used:
LIQUIDFEEDBACK. This application, [47] developed at the Massachusetts Institute of Technology
(MIT), incorporates social networks of conﬁdence so that the decision can be delegated to others (liquid
democracy). It does not ask direct questions about the result, but rather encourages participants to
propose alternatives. It has a sophisticated voting system to allow participants to express their opinions
without allowing tactical considerations.
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ALLOURIDEAS. This application uses a pair-comparison method between alternatives,
which each participant must select. The outcome is the sorting of a list of proposals (to which new
ones can be added) by the whole group. This application was developed at Princeton University [48].
2. Methodology for Conﬁdence-Based Collective Decision-Making Based
When decisions are reported through digital systems (or the computers capture decisions
automatically) the behavior of each person is recorded. The behavioral analysis can be automated and
is aimed at representing opinions, which means—as explained on Section 1.1—knowing how a person
assesses a solution and which solution is best for such a person.
However, the possibilities of digital management go beyond representing opinions:
as Harsany [25,26] proposed, we can also use empathy among opinions.
For our purposes, empathy is the ability of a person to see the world through the eyes of another.
If A chooses the best solution for B rather than himself, A reveals a preference for B’s opinion over
his own opinion. If A is consistent in this behavior, we can say A empathizes with B, but it is a bit
more complex than this. Binmore [49] describes properly the additional assumptions of Harsany´s
theory, arguing:
Besides our personal preferences, which may include sympathetic concerns for others, we also
have empathetic preferences that reﬂect our ethical concerns. This means that empathy can be
graduated. However, some empathetic identiﬁcation is crucial to the survival of human societies
because society needs commonly understood coordinating conventions that select an equilibrium
when many options are available.
When a person empathizes with someone, they do so entirely successfully (the best known
historical example of incomplete empathy is quoted from Longinus: “Were I Alexander”, said Parmenio,
“I would accept of these offers made by Darius”. “So, would I too”, replied Alexander, “were I
Parmenio”.). The empathetic utility function of a person simply expresses the fact that the person
in question thinks that A and B personal utils can be traded off, so that A’s personal utils count the
same as a of B’s personal utils. In other words, holding an empathetic preference is the same thing as
subscribing to a standard for making interpersonal comparisons between A and B.
Under the above assumptions, the Harsanyi’s theory can be described using a Von Neumann and
Morgenstern utility function.
The power of empathy comes from its association with convergence of opinions. It could be
accepted that putting yourself in the place of other favors reaching a common opinion. All that is
needed is to verify that increases in empathy lead to convergence of opinions. In this case, participation
should be encouraged if empathy among participants improves, and if not, the process should end.
If the overall amount of empathy is high at the end of the participatory process, then the aggregate
opinion is representative of the preferences of the people involved. Here, the aggregate opinion will be
adopted as the group’s joint decision. Otherwise, the group of participants will need to be broken down
into homogeneous subgroups (with common opinions within the subgroups) and other aggregation
procedures applied to the preferences of the homogeneous communities.
2.1. Calculating Empathy
The methodology described below is applicable to the calculation of empathy in a non-competitive
environment. A deeper explanation and the primitive formulation of it can be found in [21]. It is based
on calculating empathy for participants connected on social networks [50,51] and in incorporating
Adler’s developments [52].
To determine the empathy of one person (A) towards another (B), we must consider the opinions
of all those who make up this empathy. At least, A and B opinions (oA and oB ), an aggregation of
the opinions A considers to be closest to B in the conﬁdence networks (on(B)A ), the history or, at least,
the aggregated opinion of the whole group when empathy is calculated (og ), and an explicit objective
opinion formulated by experts (oOb ).
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The above opinions can be used to determine the utility that a person believes that a solution
has for another person, but the weight of all opinions cannot be the same. Therefore, the utility that A
believes that solution X has for B can be calculated as:
UA→B ( X ) =

∑i∈{A,B,n(B)A ,g,Ob} (1 − Di↔B ) × (1 − X − Xi ) × ui (X )

(1)

where: Di↔B is the reciprocal distance between i and B’s opinions (calculated using the distance
between i and B in the conﬁdence networks) it is the complementary of the probability that the
opinion of the ﬁrst person will align with the opinion of the second person); X − Xi  is the
distance between the best solution for i (Xi ) [9] and the solution for which we are calculating
the utility (X); ui (X) is the assessment of X made by i; and i refers to all the involved opinions
(oi = [Xi , ui (X)]), i ∈ {A, B, n(B)A , g, Ob}.
However, Equation (1) does not yet indicate the empathy of A relative to B. As mentioned,
the empathetic function expresses the equivalence in the utilities of A and B when the aggregate
assessment of the group (Xg ) is modiﬁed. To calculate this, we force L systematic changes in the values
of the descriptive variables for the group’s opinion (for example, increasing or decreasing the cost
and performance of the Xg solution) and we determine the changes that these modiﬁcations produce
in both A and B’s utilities. If each of these changes is represented by Xg<k> (for k = 1, . . . , L) then,
the modiﬁcation it induces in the way A believes that B makes their assessments will be represented as:
eA →B, k = UA →B (Xg<k> ) − UA →B (Xg )

(2)

For k = 1, . . . , L, we get a L coordinates vector representing the empathy function of A relative to B:
⎡
⎢
⎢
eufAB = ⎢
⎢
⎣

eA→B, 1
eA→B, 2
..
.
eA→B, L

⎤
⎥
⎥
⎥
⎥
⎦

(3)

The set of empathies of A for all participants (N) will be the empathetic utility matrix of A
(which will be notated as emA ):
⎡



emA = eufAA1 , . . . , eufAAN

e A→A1 ,1
⎢
..
=⎣
.
eA→A1 ,L

⎤
· · · eA→AN ,1
⎥
..
..
⎦
.
.
· · · eA→AN ,L

(4)

This matrix collects all the information referring to the empathy of a person (A) with the other
participants. The matrix shows the variations of the utility that A believes that certain changes in the
aggregate solution (in the L rows of emA ) induce in the rest of the participants (in the N columns of emA ).
A measure of the separation of empathy between a pair of individuals can be obtained from these
matrices. Thus, from general operations with matrices:
SAB = 1 − (emA , emB /N)

(5)

where: N is the total number of evaluators,
emA , emB =
◦

tr ((emA − emB )◦ (emA − emB )T )

denotes the usual multiplication of matrices and tr( ) represents the trace of a matrix
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The average of Equation (5) for all possible participant pairs has been used as a measure of the
percentage of empathy among participants:
ST =

1
N−1
N
SIJ
N(N − 1)/2 ∑I=1 ∑J=I

(7)

Obviously, the average of similarities of empathy between pairs of participants does not describe
the distribution of empathy among participants. For that, other centralization and dispersion measures
would need to be applied to the similarities of empathy, but our objective is to measure the evolution
of conﬁdence and variation of average empathy over time, to detect the increase or decrease in total
empathy and evolution over time represented by Equation (7) (see Figure 1).
Opinions of participants
Interactions
among
participants
Data warehouse
(Participants
opinions)

Calculate empathy
1. Calculate aggregated solution (Web 2.0 tools)
2. Calculate empathetic matrix for a participant (A ):
• Calculate sustainability that A supposes other participant (B )
gives to any forest management plan as in Equation 1
• Calculate the level of equivalence between A and B assessments
when the aggregated solution is L-times modified in a systematic
way (to get expression 3)
• Repeat above steps for all participants [B (אA1, …, AN)] to
calculate the empathetic utility matrix of A (expression 4)
3. Repeat step 2 for all participants A (אA1, …, AN)
4. Calculate matrix of similarity of empathies among participants (Eq. 6)
5. Calculate global empathy for the participants (Eq. 7)

FOREST MANAGEMENT
PLAN MADE BY EXPERTS

PARTICIPATIVE FOREST
MANAGEMENT PLAN
BASED ON CONFIDENCE

YES

NO

Experts/administrative
validation of
sustainability

Empathy increases in the medium term
Hight convergence of opinions
Empathy does not increase in the medium term
Low convergence

Voting
significant
solutions

Figure 1. Flow chart to incorporate empathy.

2.2. Simulating Interactions among Participants
Interactions among opinions occur naturally in participatory processes and can be promoted
through digital forums and other tools offered by the Internet. Effects of interactions on collective
decisions can also be simulated as described below.
The simulation is based on the works of Sayama [51]. Next, let us show the simulation frame with
the mathematical notation and simpliﬁcations adopted in this paper:

•
•

•

Let oA = [uA (X), XA ] be (as in the rest of the paper) the opinion of participant A.
Participants do not know the ﬁnal aggregated assessment (ugF ). The goal is to ﬁnd a joint
evaluation, which should be accepted by most participants at the end of the discussion process.
However, the current aggregated value (ug ) is known at any given time.
Each participant has a memory in which they store their personal comprehension of the problem
and the history of group discussion. The memory is deﬁned as a list of opinions either they
have (or have had) or that other participants have expressed during the discussion. The memory
of each participant (MA ) can store up to p of their own opinions (the initial opinion plus the
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•

modiﬁcations they have accepted during the discussion) and up to q opinions expressed by each
of the other participants (MA = {oA,k }, k = 1, . . . , p, p + 1, . . . , p + q). The total memory of one
participant is limited to a certain number of opinions, thus p + q ≤ l. If the number of opinions
participating in the personal understanding of the problem exceeds this number, then some of the
opinions in the memory must be removed.
At least the following opinions always belong to the memory of a participant (A): oA , og , and oOb .

Interaction does not simply accept changes in view of other opinions. It requires discussion:
each participant tries to impose their own solution on the group, but at the same time, the participant
accepts changes in their solution if convinced. Discussion is an iterative process with the following
phases on each one of the iteration:
1. Each participant examines whether there is an easy way to improve the utility of their
current solution.
Every participant examines their neighbors’ solution and incorporates the opinion with the
highest utility for all the participants belonging to their neighborhood into their memory. We shall
denote this plan as un(A) .
2. A randomly selected speaker is chosen.
We shall denote the speaker as S.
3. The speaker suggests the revision of the group plan.
The speaker (S) identiﬁes which aspect of their individual plan has the most signiﬁcant impact
if incorporated into the group’s plan. To do this, we built emS matrix (Equation (4)), which is now
calculated by adding the speaker’s opinion to that in the memory of all participants.
First, we have to calculate the utility that the speaker supposes the solution has for another
participant (A) as:
US→A (X) =

∑i∈S∪MA (1 − Di↔A ) × (1 − X − Xi ) × vi∗ (X)

(8)

where S refers to the speaker´s assessments; MA is the memory of the A-evaluator; Di ↔A , X and Xi are
as in equation 1; and vi * is not the assessment of a solution (ui ), it is referred to the expert’s opinion
expressed as:
vi∗ = 1 − |ui − uOb |
(9)
Then, ug , which belongs to the memory of all participants, is systematically modiﬁed to calculate
the emS matrix (equations 2 to 4). The row of this matrix with the highest sum of its components (j)
determines the suggestion of change proposed by the speaker.
The new opinion that the speaker suggests to the group is expressed as og<j> = (ug <j>, Xg<j> ).
4. The speaker’s suggestion is evaluated by all other participants, who respond to the suggestion at
the individual level.
Each participant then studies the utility of the speaker’s suggestion, which is done by applying
the next equation:
EA o g < j > =

∑

p∈MA

1 − Dp↔A × 1 − Xg<j> − Xp  × up

(10)

where p is any opinion in the memory and MA is the memory of A.
If EA (og<j> ) > EA (og ), then the A-evaluator expresses support for the suggestion, and og<j> is
incorporated to MA . Otherwise, i.e., EA (og<j> ) ≤ EA (og ), then A’s individual plan is not affected by the
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speaker’s suggestion. However, og<j> may still be randomly incorporated into the memory of A with a
probability given by:
(11)
P og<j> , og = exp −EA og<j> − EA og /T
where: T is the “temperature” of the participant’s cognition (i.e., to what degree participants can
tolerate low-utility suggestions).
If incorporating a new opinion exceeds the maximum number of opinions allowed in the memory,
then the previous one has to be removed from memory.
5. Response to suggestion at group level.
The group determines if the speaker´s suggestion should be adopted as the new group solution
by counting the number of participants that have incorporated the speaker´s suggestion into their
memories. If this is more than 50%, then the old group opinion will be replaced by the suggestion
(og ←og<j> ).
Figure 2 summarizes how to simulate iteration among participants. It is assured the convergence
to better solutions, but not in a monotone way. Thus, you have to analyze results on all iterations to
choose the best aggregated plan.
N=0

Every participant examines their neighbors’ solution and
incorporates the opinion with the highest utility for all the

EXIT

participants belonging to neighborhood into his/her memory.

A randomly selected speaker is chosen.

If N > Nl then : chose the solution providing
the

greatest

convergence

among participants’ opinion

The speaker suggests a revision of the

Store: N, UN

aggregated plan.

Each participant studies the utility of the speaker’s
suggestion and makes a randomized decision in order to

N=N+1

incorporate speaker’s suggestion into to his/her memory.

If number of consecutive
NO > k

YES

NO
Have more than 50% of participants
incorporate the speaker’s
suggestion into their memories?

Figure 2. Flow chart to simulate iterations among participants.

2.3. The Strategy for Conﬁdence-Based Collective Decision-Making
From an operational point of view, the proposed strategy consists of the following stages:
a. Opening of an online information and participation process for anyone to formulate their
preferences and to incorporate these preferences into the available information systems.
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b. Encouraging participation, through the media or by community managers. Motivation should
provide an incentive for both the recurrent participation of individuals already involved (they tend
to modify their preferences because of interaction with other participants), and the incorporation of
new participants.
c. Automatic representation of participant opinions. This requires determining how a participant
assesses a solution (based on their personal preferences) and designing the solution that best ﬁts
a preference.
d. On-line calculation of the empathy of each participant with the others and of the total empathy
for the opinions among all participants.
e. Supporting the participatory process if total empathy increases and terminating the process
when there is no signiﬁcant increase in empathy among participants.
f. Application, at the time of termination, of Web 2.0 tools, building of interpersonal functions,
or both to choose the best aggregate decision. In case of a low convergence of preferences,
another social or individual selection process should be used to choose representative and socially
acceptable solutions.
It is evident that the conﬁdence-based strategy satisﬁes the general requirements for participation
to a greater degree than the public-participation applications that are currently available (see Table 1).
Table 1. Comparing available public-participation applications.

Capabilities of the Available Application of Public Participation to
Manage Collective Decision-Making

General requirements

Outcome requirements

Type-A
Systems

Type-B
Systems

Type-C
Systems

See Section 1.3

ConﬁdenceBased Strategy

To be transparent and allow rebuttal by third
parties in all its decisions

Yes

Partially

Yes

Yes

Adaptive to the available information and to
the knowledge that the evaluator has in the
participation process.

Partially

Partially

Partially

Yes

Friendly (use is not affected by the
technological, cultural or generational gap).

No

Yes

Partially

Yes

Optimizer of individual utility and socially
intelligent.

No

No

Yes

Yes

To serve as an instrument for accountability
to society.

Yes

Yes

Yes

Yes

To provide assessments based on the
representation of personal preferences.

Yes

No

Yes

Yes

Collective decision-making through
aggregation of individual preferences

Yes

Yes

Yes

Yes

Design of the alternative that best ﬁts to any
system of preferences (individual or
aggregated).

Yes

No

No

Yes

Capacity to solve large combinatorial problems

Not available in current applications

Yes

3. Case Study and Results
The case study focused on verifying the strategy for conﬁdence-based collective decision-making.
To do this, we simulated a participative process to design the most sustainable forest management
plan at a real forest.
We apply the proposed methodology to “Valle de la Fuenfría” forest (Madrid, Spain).
Environmental authorities have approved a sustainable long-term forest management plan with
Scots pine (Pinus sylvestris L.) as the main vegetation. The case study is a territory within that forest
(see Figure 3). It covers an area of 96.04 ha (40◦ 45 N, 4◦ 5 W), and has altitudes ranging from 1310 to
1790 m, an average annual temperature of 9.4 ◦ C, and average annual rainfall of 1180 mm. Further
information can be found in [53].
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Figure 3. Area selected for the test case.

The strategy consisted of encouraging participation if empathy among participants increased.
To verify this strategy, we needed to compare the evolutions of empathy with the convergence of
opinions throughout the participative process (Section 3.3). To do that, we needed to measure both
empathy and convergence of opinions (Section 3.2). In turn, this calculation requires the representation
of the opinions of each of the participants in the process (Section 3.1).
3.1. Representation of Opinions
Sustainability is a complex, multidimensional idea that does not allow an overall method of
assessment. It is possible to measure partial aspects—indicators—but each person has their own way
of aggregating those indicators for assessing sustainability. In other words, each person has an opinion
on sustainability.
For this case study, representing an opinion means:

•
•

Assessing the sustainability on each one of the pixels of the territory according to personal
preferences on sustainability.
Designing the forest management plan that best suits personal preferences on sustainability.

We have adopted pixels (instead of stands) because the accuracy of the inventory allows doing
that [54]. Even trees could be decision units if you know the effects that any action carried on tree
have in the tress on its neighborhood (see Equation (13)). Additionally, management based on pixels
is applicable to analyze sustainability at different scales. In any case, you must remember that we
are looking for a management plan of a forest under a long-term management plan based on stands,
and any action must ﬁt to this plan.
3.1.1. Personal Assessment of Sustainability at Each Point of the Territory
Sustainability is calculated at each one of the points of a grid superimposed on the study area
with a pixel width of one meter.
The methodology for the assessment of sustainability was the one that incorporates
SiLVANET [54], a computer application for participatory forest management. It calculates sustainability
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on hierarchical (and no hierarchical) indicators structuring that must be built by experts [55].
This case study focuses on a partial assessment (an aggregation of attributes to determine wood
sustainability) within the larger structure. Nevertheless, the case shows all the challenges that faces
sustainability assessment.
The information required came from three different sources: physical and management parameters
of the area—mainly: height distribution of trees within a 50-m diameter around each point, it is a
scale-invariant indicator that can be used in management based on stands or pixels, whatever their
size [56], and sustainability indicators such as structural diversity, timber yield, or the biomass at each
point; personal information on the individual whose opinion was going to be represented (gender, age,
level of education, occupation, type of residence—urban or rural—and stakeholder category); and the
personal sustainability preferences of each participant.
Preferences are captured through a pair-wise comparison (see [30]) of forest management regimens
in speciﬁc points of the territory. Management regimens must be representative of all the management
options for the forest and we shall refer them as meaningful or signiﬁcant points. Comparison requires
the selection of the meaningful points (see [54] for the points in this case study) and, after forming all
feasible pairs of points, to ask the participants for their preferences within a pair (they must indicate
which of the two points they consider to be more sustainable (see Figure 4). The answers are recorded
in a preference matrix and then transformed into a numeric value of the sustainability on each one of
the comparison points (see [57]). This value matches the preferences of the participant that has ﬁlled
the preference matrix. Table 2 shows: geographical coordinates of comparison points, the matrix of
preferences ﬁlled by a concrete participant, and the sustainability assessment on the comparison points.
The number of meaningful points must be small. It is recommended not to choose more than six
points, because the number of pairs to compare will be 15. The more comparisons the more decreases
of concentration and the judgments tend to be inconsistent with the evaluator's own preferences [58].
Table 2. Data entered (spatial location of comparison points (with meaningful forest management
regiments) and pair comparison matrix (columns IDs are the same as rows IDs) ﬁlled by a concrete
participant) and assessments of sustainability on the meaningful points (1, 2 ,..., 6).
Comparison Points

1
2

Individual Preferences (Data
Entered by a Participant) 1

Preferences after Sequel and
Transitive Closure [59] 2

Sustainability at
Compared Points

ID

UTM
X-coord.

UTM
Y-coord.

1

2

3

4

5

6

1

2

3

4

5

6

Original
value

[0,1]
Rank

1
2
3
4
5
6

408916,5
408776,5
408916,5
408976,5
408936,5
408516,5

4512672,5
4513172,5
4512272,5
4512852,5
4512252,5
4513012,5

3
3
3
3
2
1

3
3
2
3
3
3

3
1
3
1
1
2

3
3
2
3
2
1

1
3
2
1
3
2

2
3
1
2
1
3

0
1
0
1
1
1

1
0
1
1
1
1

1
1
0
1
1
1

0
1
0
0
0
1

1
1
1
1
0
0

1
1
1
0
1
0

4.3
5
3
4.1
3.9
3.7

0.86
1
0.6
0.82
0.78
0.74

Row more sustainable than column = 1; Column more sustainable than row = 2; No one preferred to another = 3.
Row preferred to column = 1; Column preferred to row = 0.
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Figure 4. An example of pair comparison.

Also, you must have an aggregation model to extend the above result to all the pixels in the
study area. In this case, we have used an objective model that calculates sustainability as the statistical
association between indicators on any pixel and indicators on an ideal point [55,56]. Experts must choose
the appropriate sustainability indicators (it is possible to use pan-European or Montreal indicators).
Although, you always must use an indicator that considers the annual increment of wood under
allowable cut standards (we use the timber yield, see [55,56] for a description of how to compute it).
Sustainability in all the territory (Figure 4) is then calculated from information deduced from both
procedures: pair-wise comparison and aggregation of criteria (see [55]). The pair-wise comparison
value is the framework where the assessment of the pixels that are not subject to direct comparison is
ﬁtted. The thoughtful judgments required in the pair-wise comparison set the general pattern of value,
and the valuation obtained from the aggregation of criteria incorporates the variability present in all
alternatives to the evaluation process.
In the above context, the SiLVANET methodology [54,60] was applied to achieve the following
outcomes:
1.
2.
3.

To get the personal sustainability value at each one of the compared points (Table 2).
To extend the assessment to the remaining points in the area (Figure 5).
To estimate the mapping from sustainability indicators into the sustainability at each point, Equation
(12) via a Multiple Regression Model. Independent variables are constrained to those statistically
significative and with absolute values for their parameters greater than 1.5. This expression is used
to extend the sustainability to the rest of the forest (the maps of sustainable indicators all over the
forest is all you need) and to design the best management plan (Equation (12)).
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Figure 5. Sustainability assessment throughout the entire the Study Area for the participant who ﬁlled
Table 2. Map of sustainability (for pixel of 10 m size) calculated by combining pair-wise comparison
and objective criteria aggregation procedures.

Analytical equation of sustainability calculated through multiple regression analysis between the
value in Figure 5 and the value of the main sustainability indicators at all of the points of the territory is
U = −3.166I2 + 5.08I1 I3 + 1.519I2 I3

(12)

where I1 : Structural diversity; I2 : Timber yield; I3 : Biomass.
The above outcomes are sequential: ﬁrst, the sustainability on the signiﬁcant points was obtained
(outcome number 1). Then, outcomes 2 and 3 were obtained by adding the physical and management
parameters of the territory to outcome 1. Consequently, for speciﬁed forest exploitation, the relevant
information came from the sustainability in the six points subjected to comparison.
3.1.2. The Management Plan that Best Suits Individual Preferences
A management plan involves formulating a set of temporally-located actions to be carried out at a
point in the territory. However, the number of viable plans is so high that it is not feasible to generate
all of the possible options to choose the best one. For instance, if there were ten activities per tree and
year (cutting, pruning, labor, pest treatment, and any combination) and the number of trees in our
study area was 500,000, then the number of potential management plans would be 100500,000 (for a
planning horizon of ten years). To get around this problem, we determined the best management plan
by applying combinatorial algorithms for optimization ([58] and [60]).
Speciﬁcally, we applied the Simulated Annealing algorithm [61] to optimize the following
function:

UA ( X ) = − ∑i=1,...,C ∑ j=1,...,L 1Pi =y j uA Pi = y j − βV ( X )
(13)
where: A is a participant in the decision process. Pi is a point in the territory and its neighborhood
(a circle of 50-m diameter around each point); Yj is a speciﬁed set of activities (cut trees, prune lower
branches, styling, eliminate feedback, etc.) carried out on Pi ; L is the number of feasible activities that
can be carried out at any point and in its neighborhood; C is the number of points in the territory
(usually the points are pixels, but they can also be trees or homogeneous territorial units); 1 is the
indicator function (1 if Pi = yj and 0 otherwise); βV(X) is a regularization term; uA (Pi = yj ) = k1 vA (Pi =
yj ) + k2 Bi (Pi = yj ), where: vA (Pi = yj ) is the A assessment of sustainability for Pi = yj and Bi (Pi = yj ) is
the economic balance for changing the current land use to Pi = yj .
Optimizing expression (13) leads to the most sustainable forest management plan for a speciﬁc
participant. You can see [54,58,60] for a detailed explanation of the spatial-temporal location of
activities given by the management plan. Basically, it determines (on each pixel) the number of trees to
be cut (per ha) on each height class, and the labors required to facilitate natural regeneration. To ensure
sustainability, the solutions are constrained to feasible sustainable solutions deﬁned by the experts.
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Table 3 describes the best forest management plan for the participant in Table 2 and Figure 5.
Measures on Table 3 are trees heights because current data collection technologies (combining aerial
and terrestrial LiDAR (Light Detection and Ranging), photogrammetry, and remote sensing with
measurements in the ﬁeld) make easy tree-heights measurements [62] in large forest areas. It is also
socking to show the number of trees from 0 to 3 m height. It is because a dynamic programming
model has been applied to predict the height classes evolution [54,56]. This model generates the future
number of trees in all the height classes, which is incorporated in the timber yield indicator. In no case
0 to 3 m trees are harvested by clearing or precommercial thinning, the most correspond to natural
self-thinning mortality. In the ﬁeld, the inventory of trees from 0 to 3 m is made in a sub-plot and its
exact height is not recorded, it is only recorded if it is in the range, visually.
Figure 6 shows the ﬂow charge for representation of opinions for multiple participants.
Table 3. Current stock, trees to be cut in the next 10 years and description of the current and of the
proposed forest plan for the preferences of the participant in Table 2, for the total study area.
Stock Variables for Height Distribution
Tree Height
(meters)

Timber to Harvest in 10
Years (stems/ha)

Trees after the Management
Plan (stems/ha)

Standing Trees
(stems/ha)

0–3
3–6
6–9
9–12
12–15
15–18
18–21
21–24

30,879
3600
2458
630
210
165
64
264

632,880
46,407
13106
7176
6155
5032
3515
1459

230,142
24,599
14,741
7508
6774
4869
3171
1493

Economic Variables after the Plan (in Euros for the Entire Area of 96.04 ha)
Cut & Harvest wood COST
Pruning & Debris elimination COST
Gross Timber INCOME
Bio-fuel & Public subsidies INCOME

39,549.01
54,088.35
54,399.77
41,130.92

Sustainability (as % of the IDEAL FOREST sustainability)
Current overall sustainability value
Overall sustainability after Plan

74.99
86.51

Figure 6. Role of different agents in decision-making for conﬁdence-based participation. Its output is
the input of Figure 1.
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3.2. Measuring Empathy and Convergence of Opinions
Our approach to collective decisions requires recurrent calculating of two items at any point in
the process: the convergence of the expressed opinions, and the overall empathy among participants.
This section describes how to calculate both items for a group of twenty participants (the analysis of
larger groups is similar, but showing results is more complicated).
The information required to calculate these items is the representation of opinions for all
participants, which is calculated from the sustainability at six meaningful points of the territory.
Table 4 shows the sustainability for all members of the group at the most meaningful spatial points.
Table 4. Assessments of sustainability for the group of 20 participants.

Participant-ID
E-1
E-2
E-3
E-4
E-5
E-6
E-7
E-8
E-9
E-10
E-11
E-12
E-13
E-14
E-15
E-16
E-17
E-18
E-19
E-20
Group (g)
Expert (Ob)

Sustainability on the Comparison Points and for All the Territory
P-1

P-2

P-3

P-4

P-5

P-6

Study Area v(X)

0.49
0.89
0.37
0.42
1
0.59
0
0.85
1
0.75
0.83
0.45
0.83
0.32
0.92
0.57
0.54
1
0.42
1
0.414
0.92

0.41
0.16
0.07
0.34
0
0.46
1
0.42
0.62
0.07
0.62
0.62
0.67
0.22
0.07
0.07
0.66
0.72
0.07
0.87
0.254
0.75

0.12
0.37
0.52
0.87
0.22
0.97
0.62
0.82
0.22
0.52
0.12
1
0.07
0.72
0.72
0.67
0.97
0.32
1
0.07
0.341
0.54

0.07
0.27
0.57
0.46
0.5
0.27
0.51
0.62
0
0.47
0.55
0.47
0.25
0.67
0.52
0.52
0.92
0.7
0.72
0.8
0.308
0.42

0.12
0.07
0.52
0.42
0.22
0.07
0.07
0
0
0.02
0
0.32
0
0.92
0.77
0.97
0
0.32
0.77
0.27
0.183
0.26

0.42
0.42
0.32
0
0.59
0.27
0.02
0
0.59
0.87
0.74
0.22
0.94
0.22
0.07
0.02
0.42
0.64
0.22
0.64
0.238
0.07

0.272
0.363
0.395
0.418
0.422
0.438
0.37
0.452
0.405
0.45
0.477
0.513
0.46
0.512
0.512
0.47
0.585
0.617
0.533
0.608
0.29
0.493

3.2.1. Convergence of Opinions
Calculation of convergence requires knowing the aggregated solution over the entire time. For this
case study, the aggregated assessment is the average of the values for all the participants at the six
meaningful points. Convergence of opinions (CoO) has been calculated as the sum of the variation
coefﬁcients at each of the six meaningful points:
CoO = 100



6

∑i=1 (si /xi )


/6

(14)

where xi and si are, respectively, the average and the standard deviation of the sustainability
assessments in the i-meaningful point and for all the participants in the group.
3.2.2. Overall Empathy of the Group
All the information necessary to calculate empathy is derived from the data provided in Table 4.
Following the methodology described in Section 2.1, the ﬁrst task to calculate is the utility that a
participant (A) believes that a solution (X) has for another participant (B), which involves application
of the equation 1. The variables we have used to calculate equation 1 are described below.

80

Forests 2018, 9, 399

•

Di ↔ K , which is the reciprocal distance between i and B’s opinions, is calculated as:
Di↔B = ui (XReal ), uB (XReal ) =

( ui − u B ) Σ − 1 ( ui − u B ) T
Dmax

(15)

where: Di ↔ B is the reciprocal similarity in the way participants i and B make their sustainability
assessments; ui (XReal ) = [vi (XReal )P1 , . . . , vi (XReal )P6 ] are the sustainability values that i assigns
to the six points being compared (P1, . . . , P6) in the current land use (XReal ); Σ−1 is the inverse
covariance matrix of the sustainability assessments at the most representative territorial points for
the data of all the active participants (Table 5); and Dmax is the maximum value of the numerator
in Equation (15) for all pairs of active participants.
Table 5. Sample covariance matrix and its inverse for the simulated opinions of 100 participants. Both
are calculated for all the pairs of meaningful points (P1 to P6).
Sample Covariance Matrix
Participants

P1

P2

P3

P4

P5

P6

P1
P2
P3
P4
P5
P6

0.0865
0.001127
0.02471
−0.01023
−0.01914
0.03407

0.01127
0.10156
−0.00428
0.00334
−0.0266
−0.01522

−0.02471
−0.00428
0.08395
0.02746
0.01118
−0.02735

−0.01023
0.00334
0.02746
0.0673
0.01217
−0.01564

−0.01914
0.0266
0.01118
0.01217
0.0692
−0.01385

0.03407
−0.01522
−0.02735
−0.01564
−0.01385
0.09163

Participants

P1

P2

P3

P4

P5

P6

P1
P2
P3
P4
P5
P6

14.816
−1.6899
2.4984
−0.172
2.1223
−4.7533

−1.6899
11.9061
1.0144
−1.3497
4.8655
3.4124

2.4984
1.0144
15.3689
−5.2802
0.1151
2.9422

−0.172
−1.3497
−5.2802
17.7403
−2.6566
0.8895

2.1223
4.8655
0.1151
−2.6566
17.8146
2.2913

−4.7533
3.4124
2.9422
0.8895
2.2913
14.6224

Inverse of Sample Covariance

•

•
•

 X − Xi  is the distance between the best solution for i (Xi ) and the solution to which we are
calculating the utility (X):
 X − Xi  = |Ui ( X ) − Ui (Xi )|
(16)
where Ui (X) is the utility of X solution for the i participant, calculated like in Equation (12).
vi (X) is the assessment of X made by i. It is calculated as the average sustainability at all the points
of the study area (see Section 3.1).
i refers to all the involved opinions (oi = [Xi , vi ( X )]), i ∈ {A, B, n(B)A , g, Ob}. A and B are the
mentioned participants, and:
–

–
–

n(B)A are the opinions that a participant (A) considers to be close to the opinion of each of
the other participants (B). These opinions satisfy both: the reciprocal similarities between
their sustainability assessments and the A assessment of sustainability are bounded to a
ﬁxed value (DA ↔K < K0 for K = 1, . . . , N participants; with DA ↔K calculated as shown in
the Equation (14) and, simultaneously, their opinions belong to stakeholders of the same
type as B.
oOb is the expert opinion on sustainability (which is supposed to be more objective than
other opinions).
og is the aggregate opinion, calculated as an average of the assessment for all participants.
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The next task is to determine the equivalence of the utilities of A and B when the aggregate
assessment of the group (Xg ) is modiﬁed. The changes we adopted represented a variation of ± 5% in
the values of all the components in ug (Xg ), which is the equivalent of 729 changes. We then carried out
the process described in Section 2.1 up to calculate emfA for an A-participant (Equation (4)). Each one
of these matrices has 729 rows and 20 columns.
The reciprocal similarities of empathy between participants (Equation (5)) are shown in Table 6.
Equation (6) is then applied to the data on Table 6 to calculate the average of the empathetic
similarities. The overall similarity for the twenty analyzed participants is ST = 80.99%.
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E-1

100
83.27
75.83
72.95
73.79
72.35
73.79
72.37
75.57
71.71
63.08
60.82
52.67
63.2
63.44
59.35
56.78
49.97
55.62
64.3

Group

E-1
E-2
E-3
E-4
E-5
E-6
E-7
E-8
E-9
E-10
E-11
E-12
E-13
E-14
E-15
E-16
E-17
E-18
E-19
E-20

83.27
100
88.93
85.39
88.9
87.2
63.2
87.29
71.87
85.57
62.58
75.83
46.9
65.55
74.38
54.14
72.15
66.05
60.56
74.46

E-2

75.83
88.93
100
93.58
88.11
89.97
54.91
89.58
61.35
83.5
52.73
82.4
36.57
72.14
83.11
57.42
75.87
69.08
67.63
68.11

E-3

72.95
85.39
93.58
100
86.34
91.29
54.39
91.33
59.71
82.7
51.6
85.32
35.23
74.45
86.95
57.82
78.19
69.42
71.28
67.35

E-4
73.79
88.9
88.11
86.34
100
90.7
56.55
90.32
66.37
93.83
59.56
82.21
42.41
64.09
79.04
50.24
79.57
73.19
62.53
76.04

E-5
72.35
87.2
89.97
91.29
90.7
100
56.2
97.55
63.9
88.9
57.17
87.9
39.84
66.98
81.22
50.86
83.54
74.08
65.37
74.18

E-6
73.79
63.2
54.91
54.39
56.55
56.2
100
56.36
79.17
57.44
71.43
45.57
68.62
45.21
45.47
43.33
44.42
36.26
40.15
58.97

E-7
72.37
87.29
89.58
91.33
90.32
97.55
56.36
100
64.15
88.18
57.34
87.39
40.03
67.02
81.32
50.98
83.2
73.92
65.28
74.41

E-8
75.57
71.87
61.35
59.71
66.37
63.9
79.17
64.15
100
67.75
86.42
53.09
74.46
44.22
49.74
38.29
53.62
48.19
39.89
73.91

E-9
71.71
85.57
83.5
82.7
93.83
88.9
57.44
88.18
67.75
100
62.35
81.21
44.86
61.06
75.94
47.06
80.96
73.11
60.73
78.33

E-10
63.08
62.58
52.73
51.6
59.56
57.17
71.43
57.34
86.42
62.35
100
48.09
80.3
34.16
41.94
26.53
50.91
46.59
31.29
74.54

E-11
60.82
75.83
82.4
85.32
82.21
87.9
45.57
87.39
53.09
81.21
48.09
100
29.86
63.65
81.8
44.88
90.67
80.79
64.54
68.82

E-12
52.67
46.9
36.57
35.23
42.41
39.84
68.62
40.03
74.46
44.86
80.3
29.86
100
21.63
25.83
18.1
32.06
27.26
17.98
55.26

E-13
63.2
65.55
72.14
74.45
64.09
66.98
45.21
67.02
44.22
61.06
34.16
63.65
21.63
100
77.97
78.02
56.08
46.39
86.73
44.2

E-14
63.44
74.38
83.11
86.95
79.04
81.22
45.47
81.32
49.74
75.94
41.94
81.8
25.83
77.97
100
60.02
74.4
65.74
79.18
58.31

E-15
59.35
54.14
57.42
57.82
50.24
50.86
43.33
50.98
38.29
47.06
26.53
44.88
18.1
78.02
60.02
100
37.49
28.38
69.75
31.03

E-16
56.78
72.15
75.87
78.19
79.57
83.54
44.42
83.2
53.62
80.96
50.91
90.67
32.06
56.08
74.4
37.49
100
85.05
57.97
72.77

E-17
49.97
66.05
69.08
69.42
73.19
74.08
36.26
73.92
48.19
73.11
46.59
80.79
27.26
46.39
65.74
28.38
85.05
100
47.02
71.44

E-18

Table 6. Matrix of similarity of reciprocal empathy (%) between participant opinions for the group of 20 participants.
E-19
55.62
60.56
67.63
71.28
62.53
65.37
40.15
65.28
39.89
60.73
31.29
64.54
17.98
86.73
79.18
69.75
57.97
47.02
100
42.45

64.3
74.46
68.11
67.35
76.04
74.18
58.97
74.41
73.91
78.33
74.54
68.82
55.26
44.2
58.31
31.03
72.77
71.44
42.45
100

E-20
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3.3. Veriﬁcation of the Strategy for Conﬁdence-Based Collective Decision-Making
We used simulated data instead of real opinions to verify the strategy because we wanted
to analyze the inﬂuence of the two main factors affecting collective decisions: the number of
well-informed participants and the interactions among them. It is not possible to separate a person’s
own opinion from the changes due to interactions when dealing with human decision-makers, but it is
easier to isolate the effects of these factors with simulated data.
As shown in Sections 3.1 and 3.2, all the relevant information for calculating empathy and
convergence comes from the sustainability at the six most meaningful points in the territory. We have
therefore simulated the opinions of one hundred participants by assigning a sustainability value to
these points, under the following conditions:
–

–
–
–

The sustainability for each meaningful point and each stakeholder came from sampling a normal
distribution with the mean and standard deviation shown in Table 7. The mean corresponds
to the sustainability assessments of a well-informed participant on each type of stakeholder.
Standard deviations show variations in data from real participative processes [30,58].
Table 7 also shows the number of participants for each type of stakeholder.
The opinions for the simulated participants (one hundred) are summarized in Figure 7.
To measure the separation between opinions (Equation (4)), we used the inverse of the covariance
matrix (for the one hundred simulated participants) between all the possible pairs of signiﬁcant
points. The covariance matrix and its inverse are shown in Table 6.
Table 7. Parameters for generating sustainability of 100 participants, grouped into ﬁve stakeholder
types (S1 to S5 in Figure 8) and at six meaningful points (P1 to P6 in Table 2). Sustainability
assessments are simulated from sampling an N(μ; σ) distribution with the parameters shown in
the table. The number of simulations carried out for each type of stakeholder is also shown.
Parameters: (μ; σ)

Type of
Stakeholder

P1

P2

P3

P4

P5

P6

Number of
Simulations

S1
S2
S3
S4
S5

(0.88; 0.2)
(0.4; 0.4)
(0.5; 0.2)
(0.96; 0.2)
(0.77; 0.3)

(0.6; 0.3)
(0.92; 0.4)
(0.2; 0.2)
(0.5; 0.3)
(0.69; 0.4)

(0.75; 0.4)
(0.75; 0.4)
(0.75; 0.2)
(0.25; 0.2)
(0.75; 0.3)

(0.55; 0.2)
(0.54; 0.2)
(0.6; 0.2)
(0.33; 0.3)
(0.5; 0.4)

(0.2; 0.3)
(0.1; 0.2)
(0.7; 0.2)
(0.1; 0.2)
(0.2; 0.3)

0.25; 0.4)
(0.2; 0.2)
(0.3; 0.2)
(0.72; 0.2)
(0.4; 0.4)

18
13
14
23
32

We consider the above participants to be well informed because the standard deviation is not too
large (means are calculated by consulting experts on each stakeholder group). We consider that the
larger the standard deviation, the worse-informed the participants.
The average convergence of opinions (Equation (14)) for the participants in Table 7 is:
CoO = 73.67%.
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Figure 7. Summary of the sustainability assessments for the participants (5 Stakeholders and the
aggregated assessment) under the simulation parameters described in Table 4. Top ends of bars
indicate observation means of the group. Line segments represent conﬁdence intervals (1 − α = 95%)
for the individual assessments.

To analyze the evolution of the participative process (Section 3.3.1), we started with a group
of ﬁve participants (randomly chosen from the set of one hundred). For the participants in this
group, we measured both the aggregated empathy among participants and the convergence of their
opinions. These calculations were repeated in new groups, formed by randomly adding ﬁve new
participants to the current group. The expansion process continued until one hundred participant
groups were reached.
Later, Section 3.3.2 analyzes the effects of interactions among the simulated participants.
3.3.1. Convergence of Opinions by Adding New Participants
Figure 8 shows the evolution of the measures used to monitor the participative process: the overall
empathy between the opinions of the group (ST , as in Equation (6)), and the convergence of opinions
among the participants (CoO, as in Equation (14)).
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Figure 8. Evolution of the overall empathy and of the convergence of opinions with the number
of participants.

As shown in the graph, empathy increased with participation until it reached a local maximum
for thirty participants (ST(30) = 83.65%). It then shows very small changes that do not depend on
the increase in the number of participants. On the other hand, the convergence of opinions grows
rapidly from the group of ﬁve participants (CoO(5) = 37.59%) to the group of thirty participants (CoO(30)
= 77.41%). It then continues to increase, but at a much lower rate (CoO(55) = 81.89%). The growth
rate remains constant in the range between thirty and one hundred participants (for a number of
participants not shown in the ﬁgure: CoO(80) = 84% and CoO(100) = 86.82%).
The association between empathy and convergence is evident: while empathy increased (up to
30 participants), convergence increased an average of 1.52% for each new participant. Subsequently,
it increased at only a rate of 0.13% for each new participant.
The previous result could, on its own, validate the strategy of encouraging participation if empathy
increases. However, aside from the number and quality of participants, there is another feature that
plays a fundamental role in the convergence of opinions: the interactions among participants.
3.3.2. Inﬂuence of the Interactions among Participants on the Collective Solution
In participatory processes, the convergence of opinions due to the interactions among the
participants would be expected to be at least as important as the convergence due to the number of
well-informed participants. We validated this assertion through a computer simulation that analyzed
the inﬂuence of interactions on the ﬁnal decision (see Section 2.2 and Figure 2).
The mathematical simulation was used to calculate and compare the aggregate assessment of
sustainability in two scenarios. The ﬁrst one refers to an aggregate assessment for the participants
generated based on the parameters in Table 7. The second scenario incorporates interactions through
an agent-based simulation (described on Section 2.2) to explain the interactions among participants for
the same participants than in the ﬁrst case.
To get an aggregated assessment of sustainability without interactions, the joint value was
calculated as the average of the individual sustainability for all the participants. We proceeded this
way because it was the simplest method of aggregation. In general, there will be a different aggregate
assessment, but this does not affect our objective: to see how interactions modify the aggregation of
preferences. For this case study, ug = (0.71, 0.51, 0.58, 0.47, 0.24, 0.39).
We then applied the methodology described in Section 2.2 to trigger interactions among the
members of the group of 100 participants. The simulation was parameterized as discussed below:

•

We were not interested in artiﬁcial acceleration of convergence of opinions. Therefore, only lowutility suggestions of changes were accepted in the random changes of opinion needed to simulate
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•

interactions. From a mathematical point of view, this meant adopting a low temperature for
Equation (11) that controls the randomized changes of opinions.
Since we accepted random and synchronized changes of opinion (all participants change, at the
same time, to solutions accepted by more than 50% of them), the convergence of this algorithm
is not monotonous [63]. This means that each iteration does not have to improve the previous
solution, but after a certain number of iterations (in our case we limited this to 300) there are
clear improvements.

To measure the convergence for interaction among participants, we used the distance between
the last group-opinion accepted by each evaluator into their memory (og(A) = (ug(A) , vg(A) )) and the
current aggregated group-opinion (og = (ug , vg )). Both opinions change in each iteration of the process
(i). We will therefore re-write them as og(A)−i and og−i respectively. So:
OpCi =

1 N
ug(A)−i − ug−i 
N A∑
=1

(17)

where ug(A)−i − ug−i  as in equation 15; OpCi is the measure of the convergence of opinions in the
i-iteration; and N is the total number of participants (N = 100).
In the simulation carried out, the maximum convergence of opinions corresponds to the iteration
number 268 (see Figure 9). In this iteration, the aggregate evaluation corresponds to ug-268 = (0.81, 0.56,
0.53, 0.52, 0.24, 0.44), which represents an improvement of 12.07% with respect to the “no interaction”
scenario (percentage of improvement between OpC268 and OpC1 ).

Figure 9. Convergence of aggregated opinion due to interactions among participants.

The reality is that there is no “no interaction” scenario with which to compare. We have simulated
opinions around well-informed participants, but no opinion can be formed without interaction.
That means all we have is a scenario of well-informed participants who have not interacted after
formulating their opinions. On the other hand, we have a scenario with interaction after the initial
formulation of preferences in which no new participants have entered. In any case, it is notable that:
–
–

Both scenarios improve convergence.
The only way we found to simulate participatory processes that do not converge is to avoid the
simultaneous emergence of both factors. In other words, to incorporate ill-informed participants
(with greater randomness in the opinion of the participants) and not allow post-formulation
of opinions.
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These outcomes reinforce the idea that participation means both things: the incorporation of a
large number of participants and interaction between them.
4. Discussion and Conclusions
The paper validates an Artiﬁcial Intelligence methodology applicable to forest management. As in
all AI (Artiﬁcial Intelligence) process, the algorithms must be trained in the available data, never
replicated. This requires a type of manager able to understand the performance of algorithms to
propose modiﬁcations when they have to apply to real cases. The paper has been written by foresters
for these types of forest managers.
The ﬁrst notable conclusion is that it is possible to measure conﬁdence among participants in
collective decisions. This is done through the construction of empathic utility functions.
A second conclusion deals with the association between empathy and the convergence of opinions.
This relation has been commonly accepted, but this is the ﬁrst time that it has been veriﬁed: the case
study shows that increases in empathy are associated to greater convergence of opinions among
participants, and when empathy ceases to increase, the rate of convergence of opinions slows.
The main conclusion of the paper was drawn by combining the two conclusions mentioned above:
empathy variations can be incorporated to manage participatory processes, and this can be done by
applying a simple strategy. The strategy is to encourage participation while empathy increases and,
if not, to stop participation. When the participatory process ends, the results from the Web 2.0 and from
interpersonal utilities are applied to aggregate opinions.
The strategy always leads to a solution for collective decision making. The aggregated solution
will be socially acceptable in the case of high convergence of the opinions. In that case, the aggregate
opinion will represent the preferences of almost all the people involved, and it will be the joint solution
for the group. Otherwise, the set of participants must be broken down into homogeneous subgroups
(with common opinions within each subgroup) and other aggregation procedures must be applied.
These procedures may range from voting to an explained personal decision. Even in the case that
the ﬁnal decision was made by an ofﬁcial, the use of this strategy provides the information required
for accountability.
It is also notable that incorporation of empathy improves the results obtained so far.
When comparing the conﬁdence-based strategy with the available participatory applications, it shows
improvements in all the functional requirements required for a participative process.
Other conclusions deal with the power of networking. We conﬁrmed that if participants report
their judgments in digital systems, then the representation can be automated for both: the opinions of
each participant, and the changes of empathy throughout the participative process. Automation also
promotes an increase in the number of participants and facilitates interaction among them.
The inﬂuence of the number of participants is well known. Condorcet [12] was the ﬁrst to
relate the number of participants and the quality of the information they have with the ﬁnal
decision: when the components of a group are well-informed and the number of participants
expands to incorporate all possible individuals, then the group will then certainly make correct
decisions. The Web increases the number of people involved because access is free and it also allows
“delegation” of the decisions of non-participants to participants close to them in social networks.
However, the Web also increases the quality of the information, because participatory applications
usually explain basic rules for forest management and for understanding natural processes. Besides,
this information ﬁts to the characteristics of a participant (for example, SILVANET, [54], provides
information considering the coherence and depth of everyone’s knowledge). All of these factors
increase the likelihood that a participant will be well informed, although it does not ensure that
everyone to be well-informed (the likelihood of a participant making correct decisions is greater than
50%) as requires Condorcet´s theorem.
The consequences of interaction between participants are usually considered under the umbrella
of self-organization (in the terminology of complex systems) [64]. Self-organization is the process
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by which coordination arises out of interactions between participants in collective decisions
(see Sections 2.2 and 3.3.2). A computer simulation has veriﬁed that self-organization enhances
emergence (the whole—the results of the participatory process—is more than the parties—the mere
aggregation of participants) in assessment of sustainability. In fact, the convergence of opinions after
simulating interaction was greater than the convergence without self-organization. However, this does
not seem to be the result just of the simulation carried out: self-organization has provided great
advances in natural evolution, technology, and computation. Consequently, digital discussion forums
should be favored to increase interactions among participants.
The conﬁdence-based strategy also provides operative advantages, such as:

•
•

•

The homogeneous representation of opinions for all participants. This means knowing how a
participant assesses a forest plan and which forest management plan is best for them.
The strategy is easily integrated into the most widely-used information systems. In fact,
the information required is obtained from available information systems and from the preferences
of each participant (which is new). Information is then processed with using the usual big-data
and business analytic tools and, after applying the speciﬁc participatory algorithms described in
this paper, the outcomes can be transferred to most common decision-support systems.
Accountability in collective decision-making.

There is another indirect advantage: the proposed strategy counteracts the excesses of new
ICT developments that tend to limit universal access to information and propose decisions that are
only economically efﬁcient. Speciﬁcally, unlike the Web, which provides free and global access to
results, some of the new ICT developments—such as Artiﬁcial Intelligence algorithms or Internet
of Things—require large investments and their outcomes are owned by the entities that have made
the investments. Most of the time, these entities are for-proﬁt organizations that optimize only their
economic returns.
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Abstract: Public participation has become an important driver in increasing public acceptance of
policy decisions, especially in the forestry sector, where conﬂicting interests among the actors are
frequent. Stakeholder Analysis, complemented by Social Network Analysis techniques, was used
to support the participatory process and to understand the complex relationships and the strong
interactions among actors. This study identiﬁes the forestry training sector stakeholders in the
Western Italian Alps and describes their characteristics and priorities, in relation to training
activities on entrepreneurial topics for forestry loggers. The hierarchy among actors has been
identiﬁed, highlighting their respective roles and inﬂuence in decision-making processes. A lack of
mutual communication among different and well-separated categories of actors has been identiﬁed,
while good connections between stakeholders, operating in different territories, despite the presence
of administrative and logistical barriers, have been observed. Training is a topic involving actors with
different roles and interests. Nevertheless, all actors consider training about how to improve yields of
forest operations and how to assess investments, particularly in innovative machinery, to be crucially
important and conducive to a better comprehension of the wood supply chain and the enhancement
of the raw material.
Keywords: entrepreneurial education; forestry training; innovative training; participatory process;
social network analysis; stakeholder analysis

1. Introduction
Since the UN Conference on Environment and Development, held in Rio de Janeiro in 1992,
the idea that the route towards the sustainable exploitation of forestry resources should follow a
participatory approach, even in the forest planning phase, has been openly acknowledged [1,2]. In fact,
public participation is expected to produce better plans by fostering the exchange of information
and views between stakeholders [3]. The new EU forest strategy [4] set out how the participation of
different stakeholders has become an important driver in increasing the public acceptance of policy
decisions and in creating an inclusive platform for constructive discussions [5].
This participative process is especially important in the forestry sector, which includes a multitude
of conﬂicting interests among the actors [6].
As stated by Ananda and Herath [7], environmental policy cannot be separated from public
participation in the decision-making process, however, there is a lack of proven methods that explicitly
integrate the beliefs of stakeholders.
One of the fundamental tools for supporting the participatory process is Stakeholder Analysis
(SA) [8,9], a technique based on studies of the dynamics of social interaction, introduced for the ﬁrst
Forests 2018, 9, 463; doi:10.3390/f9080463
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time in the 1930s. This technique was developed for the sake of understanding the different roles
played by stakeholders with respect to the various interests represented [10]. Stakeholder Analysis is a
technique that can be applied in several research areas of the forestry sector and wherever stakeholders
are present, i.e., it analyses stakeholders interested in ecosystem services [11], mapping actors who
participate in the planning of natural resource management [12] and assessing the participatory process
in environmental management and governance [13].
Despite being widely applied, SA has been criticized for several weaknesses regarding analytic,
qualitative and academic rigor [8]. Hence, in recent years, SA has frequently been complemented by
Social Network Analysis (SNA) techniques [14]. The joint use of these techniques is particularly useful
for understanding the complex relationships and strong interactions between actors that are typical of
environmental policy processes.
SNA offers a quantitative approach to investigate collaborative processes, given that the analysis
unit is the relationship between two entities and not the entity itself [15], considering that the networks
consist of mechanisms and patterns of connections [16], measured through communications or
exchanges among actors [17].
Using SNA and SA at the same time has been shown to have an impressive potential in
generating complimentary results [14], where SNA requires more rigorous data collection and
supplies quantitative results, and SA has a qualitative approach, providing ﬁne-grained insights
into stakeholders’ preferences and characteristics.
Thanks to the positive effects of a combined use of SA and SNA, both were applied in our research
to analyze the forestry sector network in the Western Italian Alps, focusing on the actors involved in
the training activities of forestry workers.
The need to investigate this sector in depth is also indicated by other authors. For instance,
a recent survey [18] has shown that Italian forestry enterprises have a worrying economic instability,
mainly due to the low proﬁtability of forestry operations. As stated by Morat [19], one of the suggested
strategies to overcome this issue is the introduction of training courses focusing on entrepreneurial
topics, such as economics, management, market, performance and quality. In reality, training is the
most effective way to increase innovativeness [20], and the development of innovativeness could give
loggers competitive advantages [21].
The design of training courses that target forestry workers is at the same time a challenging and
an essential task that requires careful consideration.
The study area includes three administrative regions, located in the Western Italian Alps,
Piedmont, Liguria and the Aosta Valley, which are representative of Alpine forest resources,
as woodlands cover almost 40% (1,359,000 ha) of the territory (in the Alps, forests cover approximately
45% of the terrain) [22].
In this area, there are approximately 3000 forestry workers [23], and training courses have been
implemented in recent years. Generally, the enterprises are characterized by small dimensions and
small logging volumes [18]. This peculiarity should represent a stimulus for institutions to increase
the forestry training offer, as small enterprises show a pronounced ability to adopt new business
scenarios [24].
Loggers have shown a high interest in the training courses provided over the last decade, in fact,
in this area, between 2007 and 2015, more than 350 courses have taken place, attended by over 2500
participants [25]. Most of the courses focused on technical topics, such as safety and use of exploitation
techniques, while only a minor part dealt with managerial and entrepreneurial issues. The gap between
the offer of technical and entrepreneurial training courses is evident, and this trend shows no sign of
a reversal. Therefore, it is imperative to investigate the stakeholders involved in the forestry sector,
with speciﬁc reference to those involved in the design and execution of training courses. Speciﬁcally,
the goals of this study were to identify and to describe: (i) The forestry training sector stakeholders and
their characteristics; (ii) the features of their network; (iii) the opinions and priorities of the different
stakeholders concerning training activities on entrepreneurial topics for forestry loggers.
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2. Materials and Methods
The analyses can be divided into three main steps: (i) Identiﬁcation and classiﬁcation of
stakeholders involved in the forestry sector with interests in training; (ii) investigation of the
stakeholder network and collection of their interest on entrepreneurial forestry training; (iii) gaining an
insight into stakeholders’ opinions on entrepreneurial forestry training and their mutual cooperation.
2.1. Initial Stakeholder Analysis
The ﬁrst step of stakeholder analysis is the identiﬁcation of the actors involved in the network [8]:
During this process, all the interested parties, who inﬂuence or are inﬂuenced by the policies,
decisions and actions, are contacted.
In Italy, each administrative region autonomously deﬁnes the contents and rules of professional
training, in compliance with national guidelines. In order to identify the stakeholders involved in
forestry training in the study area, an initial questionnaire was submitted to the Regional Forestry
Ofﬁces of the three administrative Regions involved in the study. Thanks to this ﬁrst survey, an initial
group, formed by 24 stakeholders who have direct relations with the ofﬁces of public institutions,
was identiﬁed.
Then a snowball sampling technique was applied: This technique consists in asking the actors to
list additional people and institutions, involved in the sector, to be interviewed [26,27]. Finally, a list of
54 stakeholders was obtained.
The second step of SA is the stakeholder classiﬁcation. In this study area, the classiﬁcation
of actors is relatively straightforward. This is because the forestry sector is rather small-scale and
not particularly dynamic, where the stakeholders’ knowledge of education and training is balanced,
and the role they play in the forestry sector is relevant.
The stakeholder classiﬁcation was carried out by a focus group composed of the authors and
ofﬁcials of the three regional institutions involved in the study. The composition of the focus group was
deﬁned, considering the high level of knowledge that each participant has of all the other stakeholders
present in the network.
Initially, each participant of the focus group autonomously indicated their classiﬁcation proposal
on the basis of their experience. Subsequently, all the proposals were shared and discussed, in order to
obtain the deﬁnitive classiﬁcation.
On the basis of the interest pursued (hereinafter “interest”), the original classiﬁcation proposed
by Lienert et al. [14] was adapted to the studied context, identifying six main stakeholder categories:
Economic, education and research, environmental, legal, political and, ﬁnally, technical.
On the basis of the stakeholder role in forestry training (hereinafter “class”), the stakeholders
were classiﬁed, adapting the original classiﬁcation by Paletto [5] into: Actors of the forest-wood
chain, associations, owner associations, public administrations, research institutes, training centers
and others.
2.2. Identiﬁcation of Stakeholder Network and Their Interests in Entrepreneurial Forestry Training
In the second step, a questionnaire was submitted in order to investigate the stakeholders’ interest
in entrepreneurial forestry training.
This questionnaire was divided into two parts: The ﬁrst section investigated the collaboration
between the different stakeholders, attempting to understand the shape of the network, thanks to their
relationships. A list of stakeholders, obtained through the initial SA, was included in the questionnaire
in order to investigate the cooperation between actors. The same actors were then asked to indicate with
whom they cooperated and to specify the kind of cooperation, according to Coulson [28]: (i) Frequent
collaboration, “contacts fortnightly or weekly,” considered a strong tie, (ii) occasional collaboration,
“one contact per month,” considered a weak tie, or (iii) no contact, if less than one contact per month.
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Stakeholders characterized by strong ties have similar backgrounds and views, and their
communications are effective [29]. For this reason, strong ties are frequent in relationships that
contribute to the growth and success of a business sector [30]. On the contrary, weak ties are typical
of low emotional intensity relationships, but, on the other hand, weak ties give access to a variety of
information and can build bridges between individuals [31].
In the second section, the respondents were asked to indicate the priority level of the
entrepreneurial training topics.
To identify the best suited subjects for Italian forestry training, the authors designed a
questionnaire, where the management skills were organized into 5 main areas, as proposed by
Morat [19]. Then, each area included two speciﬁc skills, as indicated as focal for forestry entrepreneurial
training by FAO [32] (Table 1).
Table 1. Management skills investigated.
Area

Skills

Economics

Accounting
Taxation
Work organization
Schemes of partnership and associations
Marketing
Forestry supply-chain
Due Diligence in the forestry and wood sector
Forest certiﬁcation
Investments
Information technology

Performance
Timber & Market
Quality
Management

Finally, each stakeholder identiﬁed the priority level of entrepreneurial training topics using a
three-point Likert scale [33], where the possible answers were: “low interest,” “intermediate interest”
and “high interest.”
2.3. Social Network Analysis
Data obtained from the survey were transferred into a matrix scheme and, subsequently, used for
the analysis. In order to describe the general aspects of the social network, the following features were
calculated: (i) Diameter: The longest geodesic distance in the network, namely, how many steps are
necessary to get from one side of the network to the other; (ii) density: The sum of the ties divided by
the number of possible ties; (iii) reciprocity: The ratio of the number of links pointing in both directions
to the total number of links (only in directed networks) [34].
Then, two different measures of centrality, degree centrality and betweenness centrality were
calculated in order to assess the role and importance of the various stakeholders in the network.
The degree centrality is the number of arches that link one node of the network to other nodes of
the network. The Freeman degree centrality formula [35] is shown in Equation (1),
Cd(ni ) =

n

∑ a(n i , nk ) ( N − 1)−1

(1)

k=1

where:
Cd = degree centrality
aik = arc between nodes (1 if there is a connection between ni and nk , and 0 if there is no connection
between ni and nk ).
Additionally, in directed networks, degree centrality can be divided into outdegree centrality (that
only considers the outgoing connections) and indegree centrality (that only considers the incoming
connections).
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The Freeman betweenness centrality formula [35] is shown in Equation (2),
Cb (ni ) =

N N−1

∑∑
j

k

Djk (ni )
Djk

(2)

where:
Cb = betweenness centrality
Djk = set of minimum paths between the nodes nj and nk
Djk (ni ) = set of minimum paths connecting the node nj to the node nk through the node ni
The stakeholders with high scores in degree centrality are capable of inﬂuencing the entire
network [30], however, they do not always possess the greatest decisional power [36], thus,
to understand and classify the importance of the stakeholders, coupling the two measures of centrality
is useful. In fact, the betweenness centrality identiﬁes stakeholders who play an intermediary role in the
decision-making process, controlling the spread of information. The two measures of centrality were
used to classify the stakeholders into three groups: Key stakeholders, primary stakeholders, secondary
stakeholders. This distinction was made on the basis of their importance in the decision-making
process. Following the Yamaki [37] methodology, actors who have at least one centrality value in
the ﬁrst quartile were classiﬁed as key stakeholders, actors whose two centrality values were in the
fourth quartile were classiﬁed as secondary stakeholders and the remaining actors were classiﬁed as
primary stakeholders.
2.4. Combining Social Network Analysis and Stakeholders Analysis
The last phase of our analysis consisted in combining the results of SA and SNA, dividing the
stakeholders by “interests” and “classes” in order to understand which groups were the most inﬂuential
and which were marginal in the network.
Next, two adjacency tables, reporting the density of connections among the different “interests”
and “classes,” were calculated, enabling the identiﬁcation of the groups who are more inclined to
cooperate and where, conversely, there is a lack of communication. The density of contacts was
evaluated, considering frequent contacts with a value of 1, while occasional contacts were considered
to have a value of 0.5.
The ﬁnal analysis performed on the survey regarded the training preferences expressed by the
stakeholders and assessed the importance of each proposed area, weighted on the role of the actors
in the network. This calculation was performed by multiplying the responses of the stakeholders
as follows: 0.5, if the stakeholder was secondary; 1, if the stakeholder was primary; and 2, if the
stakeholder was key.
3. Results
The main features of the network are displayed in Table 2, where 43 of the 54 stakeholders
initially contacted responded to the questionnaire (80%). This response rate is high, compared to others
obtained in previous studies [5] and may be interpreted as a sign of interest in the issues investigated
in the study area. Among the 43 stakeholders, 634 connections are present, showing a low-density
value (0.351), a result that is consistent with values found in similar contexts by Paletto et al. [38].
Despite the low density, the network is efﬁciently connected, as we can deduce from the diameter
parameter value, which is only 4. On the basis of the very high score of reciprocity (0.779), it is clear
that this network is mainly characterized by bidirectional links.
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Table 2. The main features of network.
Feature

Value

nodes
edges
av. degree
density
diameter
reciprocity

43
634
14.744
0.351
4
0.779

As shown in Table 3, the three most inﬂuential stakeholders represent different
interests—“political,” “technical” and “education and research”—and belong to two different
classes—“public administrations” and “research institutes”. On the one hand, there is a clear political
effort (RegPie) to guide choices in the ﬁeld of training, with the support of both the university (UniTo)
and a research center with technical functions (Ipla), in deﬁning the contents of the courses and
providing refresher courses for trainers.
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1
8
5
24
17
11
16
20
2
14
15
34
10
38
13
23
32

22
25
33
3
12
29
30
31
7
39
18
27
28
19
21

4

Name

Piedmont Region
Institute for Wood Plants and the Environment
University of Turin—DISAFA
Association of Forestry Instructors
Forest Consortium Upper Susa Valley
Farmers’ association—Coldiretti
Forest Association Rosa Valleys
Canavese Forest Consortium
Liguria Region
National Confederation of Artisans
Confederation of cooperatives—FEDAGRI
Centre for Agricultural Education and Technical Assistance
Italian Confederation of Farmers
Managers of regional protected areas and Natura 2000 sites
Artisanal enterprises
Piedmont’s Regional Foresters Association
National Board of Vocational Education—Acli
Carabinieri—Unit command for forestry, environmental and Agri-food
protection
Mountain Union Lanzo Valleys
Orders of the Agronomic and Forest Doctors
Training Consortium Innovation and Quality
Autonomous region Valle d’Aosta
Farming Confederation
Cebano Monregalese Professional Training Centre
Training Agency FOCUS Piedmont
Farmers’ Federation Consortium GESTCOOPER
Agricultural Research Council
ProNature
Villar Fioccardo Forestry Consortium
Giuseppini del Murialdo National Body
Artisan and Trades Charity Association
Biella Mountain Forest Consortium
Monte Armetta Forestry consortium

ID

LEG
ECO
TEC
E&R
POL
TEC
E&R
E&R
E&R
E&R
ENV
ECO
E&R
E&R
ECO
ECO

CarFor
Umvl
Odaf
Cﬁq
RegVda
Confag
Cfp
Focus
Gestco
Crea
Pronat
Cfvf
Engim
Cdcam
Cfmb
Cfma

POL
TEC
E&R
TEC
ECO
TEC
ECO
ECO
POL
TEC
TEC
E&R
TEC
ENV
TEC
TEC
E&R

Interest

RegPie
Ipla
UniTo
Aifor
Cfavs
Coldir
AsRosa
Cfc
RegLig
CNA
Confco
Cipaat
Cia
Rn2000
Confar
Areb
Enaip

Label

Table 3. Social Network Analysis results.
Class

OWNS
OTHS
TRCE
PUAD
AFWC
TRCE
TRCE
TRCE
REIN
ASSO
OWNS
TRCE
TRCE
OWNS
OWNS

PUAD

PUAD
REIN
REIN
OTHS
OWNS
AFWC
OWNS
OWNS
PUAD
AFWC
AFWC
TRCE
AFWC
PUAD
AFWC
AFWC
TRCE

30
30
30
28
28
27
27
27
26
26
25
25
25
24
22

30

71
68
52
49
48
46
40
39
38
36
35
35
34
34
33
32
31

Degree

0.006
0.008
0.006
0.028
0.009
0.070
0.008
0.007
0.016
0.006
0.007
0.003
0.016
0.014
0.009

0.017

0.050
0.067
0.031
0.023
0.059
0.008
0.012
0.136
0.001
0.010
0.038
0.019
0.008
0.023
0.006
0.024
0.037

Betweenness

PRIMARY
PRIMARY
PRIMARY
KEY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
PRIMARY

PRIMARY

KEY
KEY
KEY
KEY
KEY
KEY
KEY
KEY
KEY
KEY
KEY
PRIMARY
PRIMARY
PRIMARY
PRIMARY
KEY
KEY

Role
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26
40
41
43
6
9
37
35
36
42

Label
Federl
Wwf
Elfo
Epngp
UniGe
Cersaa
Asf
Cpfp
Vrss
Arbore

TEC
ENV
E&R
ENV
E&R
E&R
E&R
E&R
E&R
E&R

Interest

Class
AFWC
ASSO
TRCE
PUAD
REIN
REIN
TRCE
TRCE
TRCE
REIN

22
15
14
12
11
10
9
8
8
8

Degree
0.009
0.013
0.009
0.002
0.019
0.010
0.002
0.002
0.002
0.040

Betweenness

Role
PRIMARY
PRIMARY
PRIMARY
SECONDARY
PRIMARY
PRIMARY
SECONDARY
SECONDARY
SECONDARY
KEY

Note: Numbers in bold in columns Degree and Betweenness refer to values in the ﬁrst quartile. KEY: ECO: Economic, E&R: Education and research, ENV: Environmental, LEG: Legal,
POL: Political and TEC: Technical; AFWC: Actors of forest–wood chain, ASSO: Associations, OWNS: Owners associations, PUAD: Public administrations, REIN: Research institutes,
TRCE: Training centers and OTHS: Others.

Name

Federation wood industry
WWF
Ligurian training institution—Elfo
Gran Paradiso National Park Authority
University of Genoa
Agricultural Experimentation and Assistance Centre
Training Services Agency
Provincial Centre of Vocational Training G. Pastor
San Salvatore Youth Centre
Arbores Domi

ID

Table 3. Cont.
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The majority of the stakeholders (67%) are characterized by high similarity scores (over 70%)
of incoming and outgoing links (Figure 1). This means that cooperation and communication in the
forestry training sector are almost always mutual and are not dictated by some stakeholders to others.
Furthermore, similarity is almost the same for key and secondary stakeholders. Only 1% of the actors
involved in the study have a value of similarity lower than 50. Hence, it is possible to assume that the
majority of forestry training stakeholders have a precise idea of their own collocation in the network.

Figure 1. Similarity analysis among incoming and outgoing links.

In the two adjacency tables (Figure 2a,b), the density of connections between stakeholders who
belong to the different groups is reported.

(a)

(b)

Figure 2. Connections between interests (a) and between classes (b) (in percentages).

The values of adjacency of the stakeholders, divided by interest, are displayed in Figure 2a.
Following this classiﬁcation, the highest values lie on the bisector, meaning that stakeholders focusing
on the same aspect of the forestry training sector are more inclined to cooperate (e.g., all the
stakeholders that pursue a political interest cooperate among themselves). There are some exceptions.
In fact, the internal cooperation among actors whose pursued interest is education and research (17%)
and technical (35%) is quite low. At the same time, the cooperation among the education and research
groups, as well as the economic (8%) and environmental (5%) groups, is very low, whereas the network
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between stakeholders pursuing technical and political interests (47%) has a high level of cooperation
between these two categories, which, as highlighted by the SNA analyses, revealed the highest grades
for both centrality indicators.
As shown in Figure 2b, the highest values lie on the bisector, meaning that the highest levels of
cooperation are between stakeholders belonging to the same class, e.g., associations are characterized
by a density of 100%. Interestingly, research institutes are the least connected (22%), while there is a
high level of cooperation between public administrations (57%) and owner associations (56%). On the
contrary, the classes characterized by internal economic competition, such as training centers and actors
of the forest–wood chain, present low levels of cooperation. Finally, the density of the connections
is high between public administrations and research institutes (45%), and between associations and
public administrations (46%), while the lowest value is between training centers and associations.
The level of interest in entrepreneurial training is displayed in Figure 3, and we can observe how
“Work organization,” “Investments” and “Supply chain” are the items that show the highest scores for
the actors of the forestry sector. On the contrary, “Accounting,” “Marketing” and “Taxation” are topics
considered unnecessary for forestry workers by the majority of the stakeholders.

Figure 3. Stakeholder preference regarding entrepreneurial training.

With regard to management skill classes, as proposed by Morat [19], Italian stakeholders located
in the Western Alps consider those skills aimed at improving the performance of companies and those
relating to knowledge of the wood market and marketing tools to be fundamental. There is also a high
level of interest in the qualiﬁcation of the company with regard to the quality of production and to the
compliance with regulations and certiﬁcation. On the other hand, as far as management is concerned,
the responses are divergent. It is considered necessary to train entrepreneurs in the opportunities
provided by investments, although digitalization is not perceived as a binding necessity.
Only the speciﬁc accounting aspects reported a low general interest, probably because these are
services that the entrepreneur does not manage directly but relies on third party professionals or
professional organizations.
The preferences, expressed by the various stakeholders in relation to the issues presented,
divided by interest and class, are shown in Figure 4.
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Figure 4. Stakeholder preferences regarding entrepreneurial training, divided by interest and class.

These analyses were carried out using only the preferences of the stakeholders who indicated a
“high” level of interest for each topic.
It is clear that, by analyzing information with an overall vision, the network expresses a high
degree of coherence in the choices expressed. In fact, each of the categories that allow the network
to be segmented express an interest in all the issues proposed. This absolute lack of polarization in
the choices expressed is conﬁgured as an important indicator of internal consistency between the
various actors in the network, but, at the same time, it expresses the need for training on many issues,
highlighting the criticality of the sector from multiple management perspectives.
Here we ﬁnd a reconﬁrmation of what emerged in Figure 3, i.e., it is clear that the actors
representing the “education and research” and “technical” interests place the issues of “work
organization” and “investments” in the foreground, followed by the “supply chain”. In light of
the ﬁndings, these three issues need to be prioritized when deﬁning new training programmes.
4. Discussion
The importance of the stakeholder analysis, together with that of their networks and the inﬂuence
of different categories in decision-making processes, has been highlighted by many authors [39,40],
although the use of network analysis in the forestry sector is still in its infancy. In fact, only in the
recent past have some authors applied Social Network Analysis to forestry stakeholders, for instance,
Paletto et al. [38] and Yamaki [37], and this technique is deemed to be appropriate for describing small
yet highly interconnected networks, such as those typically found in the forestry sector.
This study combined the Social Network Analysis with the Stakeholder Analysis, exploring the
relationships among the actors involved in the training sector. The combined use of these two tools,
making the best use of the speciﬁc aspects of each, made it possible to identify the networks’ properties
in the participatory process and, as stated by Paletto et al. [5], to recognize and measure, in an objective
way, the presence of strong relationships characterizing the actors involved in the network.
In further researches, in addition to being complemented by SNA, the SA can be developed
with Multi-criteria analysis in order to more accurately represent decision-making problems and help
decision-makers to deﬁne priorities and best solutions. Another aspect that should be developed is the
challenge related to communication, technology transfer and dissemination, providing policy-makers
with effective tools that are directly applicable in deﬁning sector policies [41]. As a general result,
the hierarchy among actors has undoubtedly been identiﬁed, highlighting their so-called “social
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power,” namely, their respective roles and inﬂuence in decision-making processes, and clarifying the
political role that each actor has in an often opaque context, where, in addition to structural positions,
direct relations between individuals are also signiﬁcant. Thanks to this approach, it has been possible
to identify a preliminary network of actors, and the response rate has shed light on both their high
level of interest in belonging to the network and their own interest in the training topics. The choice to
investigate speciﬁc topics, however, represents a research limit, as these results cannot be automatically
applied to other contexts.
Another interesting result, worthy of further in-depth discussion, is the lack of mutual
communication between different and well-separated categories of actors. In fact, some stakeholders
are excluded from the decision-making process, conﬁrming the ﬁndings of other studies [7,42].
Currently, several “secondary” stakeholders ﬁnd no place in the decision-making process at all
and, even when formally included in the network, are relegated to a marginal position. This is the
case, for instance, in training agencies, which, even though are fully part of the network, are evidently
not able to condition it. The consequence may be the creation of a dangerous short circuit, since the
failure to meet mutual expectations may lead to ineffective training courses. This study provided
several initial results, which need to be examined in greater depth through subsequent investigations.
The network and the position of each actor, with respect to the various indicators, are relevant only
for the professional training topics. The position and importance of the actors could in fact change if
analyzed with respect to other topics of investigation.
The next steps of our research could continue by analyzing stakeholders with reference to other
topics, studying which factors lead to the conﬁnement of some stakeholders to gregarious and accessory
positions and the elements which cause the exclusion of some of them from the decision-making
process, deepening the examination of the social and political needs deﬁned by each actor and
possibly also including in the survey those who have not provided their feedback in this ﬁrst analysis.
The research should also systematically investigate any conﬂicts or synergies and trade-offs between
actors who belong to different classes or occupy different roles.
A focus on similarities and differences expressed in other ﬁelds (e.g., ecosystem services and
the wood supply chain) will make it possible to identify a more stable and stronger network with an
“absolute” value.
Additionally, the marginality of another actor, the associations, is to be considered a risk because
the training proposals may not reﬂect their needs and, therefore, may be opposed by the loggers
themselves, as also highlighted by Egan [43]. It is worth underlining how very few stakeholders
declined to participate in the survey, justifying their decision by citing conﬁdentiality concerns about
their contacts, which conﬁrms the importance of informal individual links.
Regarding the results obtained in the stakeholder classiﬁcation, it appears evident that all groups,
respectively divided by interest and by class, are represented with a strong social connection and
depict a sort of general balance in the network. Within these groups, good levels of connection between
stakeholders, belonging to the same class and pursuing the same purpose, have been shown by the
combined use of the two techniques. On the contrary, connections among stakeholders of different
groups are lower, as stated by Bruña-García and Marey-Pérez [44]. However, despite the presence
of administrative and logistical barriers, a good connection was found even among stakeholders
operating in different territories. In fact, the physical or administrative distance is cancelled out by the
desire to establish common guidelines on a crucial and delicate issue, such as the professional training
of forestry workers, beginning with the high interest shown by the political decision-makers.
As stated by other authors [18], who have investigated the training needs expressed directly by
forestry loggers, we ﬁnd conﬁrmation that issues related to the supply chain aspects, work organization
and investments are considered the most important ones. This is a view that is also held by other
stakeholders who express different interests and occupy different roles in the forestry sector. This is in
line with other researches that have shown that the main concern of forestry companies is linked to the
low proﬁtability of logging operations [24].
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5. Conclusions
The availability of wood resources in the Western Italian Alps would potentially allow for the
existence of a widespread network of business enterprises, guaranteeing employment and social
beneﬁts in fragile environments and, at the same time, allowing for the sustainable management of the
resource itself. However, for this to happen, it is essential that businesses are efﬁcient and have the
appropriate level of professional knowledge.
The effort shown by political institutions in this area, in setting up training courses for forestry
workers, has increased in recent years, thanks to continuous investment in this sector, with over
€ 7 million allocated in the 2014–2020 period. For several years now, political institutions and research
centers have been working together to deﬁne the contents of future training courses. The associations,
representing the various professional ﬁgures that work in this sector, are also particularly active,
and training is considered a fundamental aspect for the professional growth of entrepreneurs.
It should be noted that training centers have a marginal role in the network, and this weakness
should be considered in future investigations, bearing in mind the important contribution that trainers
can make in deﬁning the contents of such training courses and also considering that they have direct
contact with workers and their needs.
Training is a topic that involves actors with different roles, with different interests, but the need
expressed by the majority of actors involved in the survey is clear: To increase the offered training on
managerial issues.
Interpreting the results of the survey, it is clear that all stakeholders are concerned about the
economic performance of the forestry sector. As a result, being able to provide the system with
the tools to implement proﬁtability is of paramount importance, and the actors have conﬁrmed this
result, as they consider training on how to improve the yield of forest operations and how to assess
investments in innovative machinery to be crucially important. In the same manner, gaining more
knowledge about the wood supply chain and the enhancement of the raw material is requested.
On the other hand, stakeholders do not have conﬁdence in the opportunities provided
by information technologies, probably because they are still linked to traditional market forms,
mostly local, based on direct contacts among operators of the supply chain.
In conclusion, the forestry sector stakeholders in the Western Italian Alps have highlighted
the need for the training of a “modern woodsman,” identifying the proﬁle of an entrepreneur who,
in addition to expressing an excellent knowledge of forestry operations and the proﬁtable management
of the site, seeks to better comprehend the timber market and the opportunities it offers.
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Abstract: In the last decades, the ecosystem services (ES) concept has become one of the main
challenges of study and discussion in the scientiﬁc community. The quantitative and qualitative
assessment of ES is as a tool to address forest management planning on a local scale. Forest landscape
management planning is the most suitable level for integrating social needs and demands in
the enhancement of different forest ES. Some regions in Italy have developed forest landscape
management plans taking into account the social preferences for the different ES. In this paper,
we refer to ﬁve case studies in three pilot areas in Italy. A survey collected and analyzed the
opinions and preferences, from 362 stakeholders, for ten ES included in three categories (provisioning,
regulating and cultural services). The main aim of this study is to understand what type of variables
(study area, the groups of interest and socio-demographic characteristics of respondents) most
inﬂuence stakeholder preferences for ES. The results show that for the sample of stakeholders
involved in the survey, the most important ES category is regulating services followed by cultural
services. In addition, the results show that the group of stakeholders’ interest is the most important
variable inﬂuencing their preferences for ES.
Keywords: social assessment; forest multifunctionality; stakeholders’ involvement; forest planning;
questionnaire survey

1. Introduction
Following the United Nations Conference on the Human Environment held in Stockholm in
1972, the scientiﬁc community started to focus on the importance of the beneﬁts provided by natural
ecosystems for human society [1]. At that time, a growing number of authors stressed the role of natural
ecosystems for human well-being in order to increase society’s interest in biodiversity conservation.
This utilitarian approach aimed at improving policy decisions and was mainly focused on raising
public interest in biodiversity conservation, highlighting the fact that loss of biodiversity directly
affects beneﬁts provided by natural ecosystems to society [2–4].
About two decades later, the concept of ecosystem services (ES) was deﬁnitively and ﬁrmly
placed into the policy agenda by the Millennium Ecosystem Assessment (MEA) [5]. The MEA [5]
deﬁnes ecosystem services as “the beneﬁts people obtain from ecosystems”, focusing on human
dependency on ecosystem services and on the importance of biodiversity and ecological processes
for human well-being [6,7]. MEA classiﬁed ecosystem services into four categories: (1) Provisioning,
(2) regulating, (3) cultural, and (4) supporting services. The ﬁrst three categories directly affect people
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and human well-being, whereas supporting services are the underlying ecosystem processes that
maintain the others [8,9].
The Economics of Ecosystems and Biodiversity (TEEB) classiﬁcation [10] substituted supporting
services with habitat services, which include lifecycle maintenance and gene pool protection.
Subsequently, ES have been reclassiﬁed into three categories (provisioning, regulating and maintaining,
cultural), adopting the Common International Classiﬁcation of Ecosystem Services (CICES) [11].
The CICES classiﬁcation is widely used when ecosystems and economic accounts have to be linked,
and is useful when the outputs of ecosystems have to be turned into beneﬁts for human well-being.
Moreover, the CICES classiﬁcation is able to overcome ‘double counting’ problems in valuation
studies [11], and it can be considered a suitable approach for integrating ES into analytical models that
support landscape planning [12].
Many other deﬁnitions and classiﬁcations of ES have also since been provided with the aim of
integrating the concept or to analyze it from a different point of view [13,14].
With regard to the forest sector, forests generate a variety of important ES for human well-being,
such as timber and non-timber forest products among provisioning services; water regulation,
protection from natural hazards and carbon sequestration among regulating services; and, scenic
beauty and recreation opportunities among cultural services [15,16].
In order to maintain and improve the ES available from natural, semi-natural or planted forests,
the assessment of the ES provided by forests at different spatial and temporal scales is required.
These data are fundamental in order to deﬁne priorities and forest management strategies. In the
literature, there are two main approaches aimed to assess the ES [17–19]: The ﬁrst approach is based
on a quantitative assessment of ES provided by forests through ﬁeld measurements of biophysical
outcomes; the second approach is based on a qualitative assessment of ES using expert or stakeholders’
opinions [20]. In some studies, the biophysical assessment of ES is integrated with a monetary
evaluation in order to provide policy makers with information and to facilitate communication with
public opinion and citizens [21].
Recently, policy makers have also emphasized the importance of forest ES at local and global
levels, taking into account the documents and prescriptions provided by the scientiﬁc community in
the previous period. In 2013, the European Commission (EC) in “A new EU Forest Strategy: For forests
and the forest-based sector” included in the main social objectives of Sustainable Forest Management
(SFM), the protection of forest ecosystems in order to maintain and improve the ES. This new EU Forest
Strategy considers forest management plans as the main instrument for implementing the principles
of SFM and increasing the supply of multiple forest ES.
In “European Forests 2020”—elaborated during the 6th Ministerial Conference on the Protection
of Forests in Europe (MCPFE) held in Oslo in 2011—the role of ES provided by European forests is
repeatedly emphasized. The ﬁrst two goals of “European Forests 2020” are focused on sustainable
management of European forests to enhance lasting provision of goods and services and on their role
in contributing to a green economy, including increased provision of timber, other forest products
and ecosystem services from sustainable sources. Subsequently, the Madrid Ministerial Resolution 1
(MCPFE, Madrid, 20–21 October 2015) emphasizes the importance of promoting a forest sector and its
related value chain that provides society with increasing opportunities for green jobs, which ideally
should be connected to the management and use of forests, and to environmentally friendly production
processes, based on goods and services from sustainably managed forests. The regulations of European
policy makers have been implemented in Italy in two main political documents: The new Italian Forest
Law (Testo Unico per le Foreste 2018) and the Italian Bio-economy Strategy (2017). Recently, the Action
Plan of the Italian Bio-economy Strategy considers as a priority moving from the existing economy to
a sustainable bio-economy valorizing the provision of ES [22].
The new Italian Forest Law emphasizes the importance of protecting the forest by promoting
actions to prevent natural and anthropogenic risks, to contrast biotic and abiotic adversities, and to
assure hydrogeological and forest ﬁre protection, adaptation to climate change, recovery of degraded
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or damaged areas, carbon sequestration and the provision of other ES generated by SFM. In addition,
the regions can promote systems for the Payment for Ecosystem Services (PES) generated by SFM
activities [23].
Despite the huge literature on ES and all the applications at the policy level, there is still a lack
of research and knowledge in how to integrate the concept of ES in planning and management and
especially at the level of decision making [6,24–27]. Various studies contribute to the integration of the
concept of ES into landscape scale planning and provide information about the spatial distribution
of ES and their value. These studies help to improve the understanding of the effect of planning
decisions on ES and to avoid resulting trade-offs when planning focuses on only one ES at time [28],
and has proved useful when decision-making processes are concerned with environmental matters at
a regional level [6,29–31].
Regarding the forest sector, it is important to deﬁne the proper scale when considering the
relationship between forest planning and ES assessment. The Forest Unit Management Plan (FUMP),
which refers to a forest area managed on a medium/short-term basis, takes into consideration
the technical and managerial aspects of each individual forest ownership [32]. When considering
ES provision, the fact of focusing on individual forest ownership can lead to trade-offs or cause
the undervaluation of synergies between ES, because ES transcend borders between different
ownerships [33–35]. The need for taking into account the multiple ES in forest planning has led
to a profound revision of Italian forest planning [32,36–38] and a hierarchical approach has been
consolidated, which moves from a detailed level of planning (FUMP) to a medium scale. At medium
scale, the Forest Landscape Management Plan (FLMP) has been introduced. The FLMP has the
main scope of providing management guidelines for the subordinate FUMP, and integrating and
coordinating with other types of plans [32,37,39–41].
FLMP is based on the principles of SFM and public participation, and this scale is the most suitable
for taking into account ES assessment issues and for developing management guidelines that consider
the sustainability of the relationship between the local community and nearby forests [42–46]. However,
while implementing FLMPs, concerns are being raised as to how to consider stakeholders’ preferences.
Indeed, various groups of stakeholders have different needs and social demands concerning the
various forest ES that must be included in the objectives and actions of the FLMP [32,47].
Starting from these preliminary considerations, the main aim of this study was to analyze
stakeholders’ opinions and preferences for different categories of forest ES. The secondary objective
was to identify which variables inﬂuence the stakeholders’ point of view in the qualitative evaluation
of forest ES. The study was applied in three pilot areas in Central and Southern Italy (Matese,
Arci-Grighine and Alto Agri forest districts) where we identiﬁed ﬁve case studies characterized
by marked differences from an environmental, socio-economic and cultural point of view.
2. Materials and Methods
2.1. Study Areas
The research was developed in three pilot areas where FLMPs were carried out. They are located in
three Italian regions (Molise, Sardinia and Basilicata), which are rural areas with similar socio-economic
features but different ecological characteristics [32] (Figure 1).
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Figure 1. Location of study areas in Italy.

From a geographic point of view, the Matese district (41◦ 29 12 N, 14◦ 28 26 E), located in central
Italy, in the Molise region, covers about 365 km2 . It has a population of 21,022 inhabitants and a
density of 58 inhabitants per km2 . The Arci-Grighine district (39◦ 42 7 N, 8◦ 42 4 E), located in the
central-eastern area of the island of Sardinia, covers a land area of 552 km2 . It has a population of
26,207, with a density of about 47 inhabitants per km2 . The Alto Agri district (40◦ 20 25 N, 15◦ 53 52 E)
is located in southern Italy (Basilicata region) and occupies a land area of 726 km2 , with a resident
population of 33,739 inhabitants (a population density of 46.5 inhabitants per km2 ). The pilot areas are
characterized by very low population densities compared to the national situation (201 inhabitants
per km2 ), the result of slowly declining populations, which started in the 1950s and has continued to
present times, driven by mass unemployment and, in the 1990s, by young adults moving away from
rural areas to ﬁnd work elsewhere [48,49].
The forest surface covers 44.1% of the territory in the Matese district, 51.2% in Arci-Grighine and
58.4% in Alto Agri. Other main land uses are agriculture and grazing. Regarding ownership, most
of the forests are privately owned in the Matese and Alto Agri districts (66% and 73%, respectively).
In Arci-Grighine, privately owned forests comprise approximately 34%; there is an important
percentage of common forests (53%), whereas the remaining 13% are public forests. These differences
in ownership have important effects on forest management strategies [32,40].
In the Matese and Alto Agri districts, the main forest types are Turkey oak (Quercus cerris L.) and
European beech (Fagus sylvatica L.) forests, mainly coppices. Other forest types are mixed broadleaved
formations and both evergreen and broadleaved plantations [40,50]. In these districts, forests are
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characterized by a high level of multifunctionality. Conversely, Arci-Grighine is characterized by a high
vocation in terms of non-timber forest products (cork and myrtle). In this district, the major forest types
are Mediterranean forests (Ericoarboreae-Arbutetumunedonis and Pistaciolentisci-Calicotometumvillosae
associations) and evergreen forests with holm oak (Quercus ilex L.) and cork oak (Quercus suber L.).
The agricultural sector plays an essential role in the economic structure of the three districts;
conversely, the industrial sector is, in general, weak, and the infrastructure is poor [51].
In Alto Agri, 66% of the study area is located in protected areas (part in a national park and part
in the Natura 2000 sites, which partially overlap) [40,52]. For this reason, we decided to consider
two different case studies within the Alto Agri district. In fact, the sector which does not fall into
protected areas has to deal with the economic and management problems typical of rural areas,
while the national park is faced mainly with nature conservation and recreation issues. For different
reasons we also considered separately data concerning Arci and Grighine, within the Sardinian
district. Actually, Grighine has an agricultural connotation and a vocation for agri-forestry activities,
in particular cork production, whereas Arci is characterized by a forested landscape and, more
importantly, forestry activities.
2.2. Survey Methodology
The survey in the three FLMPs was conducted by means of a two-stage approach. Such an
approach was based on a preliminary stakeholder analysis followed by the investigation of
stakeholders’ opinions and preferences through the administration of questionnaires.
In the FLMPs, a three-step model of stakeholder analysis was adopted [32] to identify the key
stakeholders, their roles and their relationships. This approach is based on an iterative process: In the
first step, some stakeholders are identified based on information from institutional actors and experts,
and then, in the second step, based on the indications of this first group, also previously unknown
stakeholders are identified. In the third step, after being identified, the stakeholders are categorized
not only on the basis of their power (the ability of a stakeholder in a relationship to exert influence on
another stakeholder in order to obtain the expected outcomes), but also considering their proximity
to the issues and interests at stake, and their capacity to control information and to influence the
decision-making process. The result of this step is a classification into three types of stakeholders [32,53]:
(a) Key stakeholders—the main actors in terms of social role and power, and actively involved in
the decision process; (b) primary stakeholders—the beneficiaries of the FLMP, only partly involved
in the decision process; and, (c) secondary stakeholders—the public at large, marginally involved in
the issue but constantly kept informed. In each study area, approximately 20% of total stakeholders
were classified as key stakeholders, 30% as primary stakeholders, and the remaining 50% as secondary
stakeholders. Key and primary stakeholders were involved in the present survey (FLMPs consultation),
while secondary stakeholders were simply informed about the planning process.
In the present survey, 380 stakeholders were identiﬁed as key and primary stakeholders in the
three study areas. The non-response rate was equal to 5%, mainly concentrated in the Matese district.
Ultimately, 362 stakeholders completed the questionnaire. The distribution of the sample by study
area is as follows: 39 stakeholders in the Matese district (Molise); 212 stakeholders in the Alto Agri
district (Basilicata); and, 111 stakeholders in the Arci-Grighine district (Sardinia).
In addition, four groups of interest were identiﬁed: (i) Public administrations (i.e., regions,
provinces, municipalities or other public agencies); (ii) actors of the forestry industry (private forest
owners, forest enterprises, and sawmills); (iii) representatives of environmental Non-Governmental
Organizations (NGOs); and, (iv) actors of the tourism sector (i.e., tourism promotion bodies and
hotel owners). The group of environmental NGOs includes a broad range of associations with
different aims such as the World Wide Fund for Nature (WWF), Legambiente and Greenpeace, but also
small local associations with restricted and speciﬁc objectives. With regard to the distribution of the
stakeholders by groups of interest, 168 are representatives of public administrations, 131 are actors of
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the forestry industry, 44 are actors of the tourism sector and the remaining 19 are representatives of
environmental NGOs.
The differences in the number of stakeholders and their distribution in the case studies are due in
part to the different extension of the areas, in part to the speciﬁc socio-economic features and in part
to the diversity of forest contexts, in particular concerning the different relevance of forest resources
among the study areas. Matese is the smallest study area (36,500 ha) and has a limited number of
stakeholders with regard to the other areas. The number of stakeholders is the highest in Alto Agri,
which has an area twice that of Arci-Grighine.
During the development of FLMPs, the stakeholders were ﬁrstly contacted by telephone to set
up a location and a time for a face-to-face interview based on a semi-structured questionnaire. Before
conducting the interview, informed consent was obtained. Consenting stakeholders participated in
this interview, which lasted an average of 30 min to 90 min.
The ﬁnal version of the questionnaire was produced after a test phase on a sample of stakeholders
used to verify question effectiveness, clarity of the language and completeness of the information
required; then, the ﬁnal questionnaire was administered through personal interviews with the
362 stakeholders. As generally reported in questionnaire-type approaches, the questionnaire was
divided into thematic sections in order to maintain a high level of attention in the interviewees [54].
During the interviews, respondents were given the opportunity to expand the conversation and
besides ticking the given answer, there was discussion and exchange of information. The time for
discussion was also important in order to support some respondents who found the signiﬁcance of
some concepts or technical words difﬁcult to understand.
The questionnaires were ﬁrstly used to investigate individual preferences attributed by
stakeholders to forest ES. They were also used to consider other aspects of the social perception
of forests, which could be usefully employed to support decision making in forest planning and to
deﬁne the priority actions of the FLMP.
In the present study, we have analyzed data from the section of the questionnaire regarding the
forest ES and the main forest goods and services. Indeed, the main objective of the study was to
determine stakeholders’ preferences for ES so that forest management priorities—in terms of forest
ES—can be aligned based on the values expressed by respondents from different study areas or groups
of stakeholders. Respondents were asked questions about the importance of the various ES. They
had to express their opinion about the importance of each ecosystem service, on a ﬁve-point Likert
scale format, ranging from 0 = “very low importance” to 4 = “very high importance”. The forest ES
considered were: Timber production, fuelwood production, grazing and non-timber forest products
(NTFP) for the provisioning services; natural hazard protection, water and air quality, and nature
conservation for the regulating services; and, hunting, sporting and tourism recreation for the
cultural services. The attribution of the ES to the different categories follows the main internationally
acknowledged classiﬁcations. With regard to hunting, according to Balkan and Kahn (1988) [55],
Forster (1989) [56], and Bissell et al. (1998) [57], hunting was considered a cultural service, while the
products obtained by hunting (i.e., meat, trophy and skin) that are provisioning services have not
been considered.
2.3. Data Processing
The survey responses were analyzed statistically with respect to the following variables: Study
area, group of interest, and socio-demographic characteristics of respondents (gender, age and level
of education). The main descriptive statistics (mean, standard deviation, min. and max.) were
provided for all ES and the chi-square (χ2 ) test–using the standard α = 0.01 cutoff—was used to test the
differences between the groups of respondents based on the above-mentioned variables. All statistical
analyses were carried out using R software (R version 3.4.4—“Someone to Lean On” Copyright ©2018
The R Foundation for Statistical Computing; R Studio Version 1.1.442—©2009–2018 RStudio, Inc.,
Vienna, Austria).
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3. Results
The socio-demographic characteristics of the sample show that the majority of respondents are
males (91.4%), whereas only 8.6% are females. With regard to age, the results show that the majority
of the respondents are between 35 and 55 years old (67.7%), while the distribution of respondents in
other age groups are the following: 9.9% of respondents are less than 35 years old, 19.1% are between
55 and 65 years old and the remaining 3.3% are more than 65 years old. Concerning the level of
education, the respondents with a high school qualiﬁcation comprise 43.4%, while the respondents
with a university and post-university degree comprise 28.2%. The remaining 28.5% are respondents
with an elementary school certiﬁcate.
The results show that for our sample of stakeholders the three most important ES are: Air and
water quality (mean value = 3.54), tourism/recreation (mean value = 3.54) and fuelwood production
(mean value = 3.52). Conversely, timber production has a marginal role for the stakeholders involved
in the survey (mean value = 1.80) (Figure 2). Such a result is strictly related to the forest stand
characteristics (mainly coppices) and potential wood assortments (mainly poles or woodchips) of the
ﬁve case studies involved in the survey.

Figure 2. Stakeholders’ preferences for ten ecosystem services (ES) by group of interest (mean value).

The ranking of importance for the three ES categories assigned by stakeholders was the following:
Regulating services (mean value = 3.21) > cultural services (mean value = 3.16) > provisioning services
(mean value = 2.85).
Below we illustrate the results of the analysis carried out in order to understand the inﬂuence of
the different variables on stakeholders’ preferences.
3.1. Study Areas
As we highlighted in Section 2, for two of the three pilot areas (Alto Agri and Arci-Grighine
districts), we analyzed the data keeping separate the two different case studies for each pilot area.
Concerning the Alto Agri district, we distinguished Alto Agri (with 113 stakeholders) and the National
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Park Apennines Lucano-Val d’Agri-Lagonegrese (with 99 stakeholders). Concerning the Arci-Grighine
district, we considered separately Arci (with 72 stakeholders) and Grighine (with 39 stakeholders).
The results show that the ranking of importance for ES changes from case study to case study.
Hunting is considered the most important ES in two cases (Arci and Grighine), fuelwood production
in one case (Matese), air and water quality in one case (National Park Apennines Lucano-Val
d’Agri-Lagonegrese), and NTFPs in another case (Alto Agri) (Table 1).
Table 1. Stakeholders’ preferences for ten ES by study area (mean value).
Alto Agri
(n = 113)

NP Lucano-Val
d’Agri-Lagonegrese (n = 99)

Arci (n = 72)

Grighine
(n = 39)

Matese
(n = 39)

Provisioning services
Fuelwood
Timber
Grazing
Non-timber forest products (NTFP)

3.49 ± 0.78
1.98 ± 0.77
2.73 ± 0.89
3.62 ± 0.57

3.42 ± 0.82
2.42 ± 0.94
2.85 ± 0.71
2.87 ± 0.69

3.64 ± 0.63
1.13 ± 0.41
2.67 ± 1.03
3.78 ± 0.48

3.56 ± 0.64
1.10 ± 0.31
2.51 ± 0.88
3.64 ± 0.54

3.59 ± 0.72
1.59 ± 0.72
2.56 ± 1.05
3.18 ± 0.79

Regulating services
Natural hazards protection
Air and water quality
Nature conservation

2.32 ± 1.08
3.38 ± 0.83
2.93 ± 1.01

3.69 ± 0.58
3.86 ± 0.38
3.83 ± 0.41

2.25 ± 1.21
3.60 ± 0.73
3.14 ± 1.03

2.21 ± 1.15
3.13 ± 0.95
2.97 ± 1.01

3.46 ± 0.85
3.51 ± 0.79
3.51 ± 0.79

Cultural services
Hunting
Sporting
Tourism-recreation

3.60 ± 0.70
2.06 ± 0.97
3.35 ± 0.72

2.57 ± 0.98
2.98 ± 0.89
3.77 ± 0.47

3.90 ± 0.34
3.03 ± 0.90
3.76 ± 0.49

3.92 ± 0.27
2.64 ± 0.87
3.64 ± 0.54

2.72 ± 0.97
2.26 ± 0.99
3.03 ± 0.96

ES/Study Area

In bold are the three most important ES by study area.

NTFPs are considered important not only in Alto Agri but also in two other cases (Arci and
Grighine in the region of Sardinia). However, it is interesting to note that in Alto Agri the main NTFPs
are mushrooms and black trufﬂes, while in Arci and Grighine the most important NTFPs are the cork
extracted from cork oak (Quercus suber L.) and the myrtle fruit (Myrtus communis L.) used for the
preparation of a local liqueur.
Tourism-recreation activities are of particular importance in the protected area of the National
Park Lucano-Val d’Agri-Lagonegrese (third position in the ranking with a mean value of 3.77) and in
the two Sardinian cases.
In accordance with the characteristics and peculiarities of the study area, the stakeholders of
the National Park Lucano-Val d’Agri-Lagonegrese emphasize the role of this protected area for
nature conservation (second position in the ranking of importance). Also, in the Matese district,
the stakeholders highlight the relevance of nature conservation. Such a result is probably due to the
fact that in this territory there are six areas falling into the Natura 2000 network. This, over time, has
increased sensitivity, at least in some local actors, towards issues of nature conservation.
Observing the results by ES category (Table 2), in three case studies (Alto Agri, Arci and Grighine)
the most important ES category is cultural services with 3.00, 3.56 and 3.40, respectively, as mean
values. Conversely, in the National Park Apennines Lucano-Val d’Agri-Lagonegrese and in the Matese
district, the stakeholders consider regulating services as a more important ES category (with mean
values of 3.79 and 3.50, respectively).
Table 2. Stakeholders’ preferences for three ES categories by study area (mean value).
ES Category/Study Area
Provisioning services
Regulating services
Cultural services

Alto Agri
(n = 113)

NP Lucano-Val
d’Agri-Lagonegrese (n = 99)

Arci
(n = 72)

Grighine
(n = 39)

Matese
(n = 39)

2.96 ± 0.38
2.88 ± 0.80
3.00 ± 0.52

2.89 ± 0.52
3.79 ± 0.36
3.10 ± 0.57

2.80 ± 0.36
3.00 ± 0.66
3.56 ± 0.42

2.71 ± 0.32
2.77 ± 0.86
3.40 ± 0.38

2.73 ± 0.51
3.50 ± 0.73
2.67 ± 0.61

In bold is the most important ES category by study area.
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The chi-square test shows no statistically signiﬁcant differences for all ES categories. Despite this,
it is highlighted that in Grighine and Alto Agri the regulating services category has less importance
than in the other three case studies (National Park Apennines Lucano-Val d’Agri-Lagonegrese,
Arci and Matese).
3.2. Groups of Interest
The results show that two groups of interest (actors of the forestry industry and actors of the
tourism sector) have a similar order of priorities in the ranking of importance for the ES. The three
most important ES for these two groups of interest are the following (Table 3): Hunting (ranked ﬁrst
by actors of the tourism sector and ranked third by actors of the forestry industry); NTFP (placed
in third position by actors of the forestry industry and in second position by actors of the tourism
sector); and, fuelwood (in ﬁrst position for actors of the forestry industry and third position for actors
of the tourism sector). The only substantial difference is that actors of the forestry industry emphasize
the importance of air and water quality, while for the actors of the tourism sector this ES is only in
ﬁfth position.
Table 3. Stakeholders’ preferences for ten ES by groups of interest (mean value).
Environmental
NGOs (n = 19)

Forestry Industry
Actors (n = 131)

Public Administrations
(n = 168)

Tourism Actors
(n = 44)

Provisioning services
Fuelwood
Timber
Grazing
Non-timber forest products (NTFP)

3.41 ± 0.80
1.82 ± 0.66
2.73 ± 1.08
3.59 ± 0.73

3.54 ± 0.70
1.80 ± 0.90
2.58 ± 0.95
3.40 ± 0.72

3.49 ± 0.81
1.84 ± 0.90
2.82 ± 0.81
3.32 ± 0.72

3.58 ± 0.62
1.58 ± 0.81
2.64 ± 0.96
3.60 ± 0.58

Regulating services
Natural hazards protection
Air and water quality
Nature conservation

2.73 ± 1.20
3.27 ± 0.98
3.14 ± 0.99

2.63 ± 1.24
3.42 ± 0.82
3.15 ± 1.03

3.07 ± 1.09
3.71 ± 0.63
3.53 ± 0.78

2.27 ± 1.05
3.42 ± 1.03
2.84 ± 1.09

Cultural services
Hunting
Sporting
Tourism-recreation

3.32 ± 0.89
2.68 ± 1.13
3.59 ± 0.50

3.40 ± 0.84
2.38 ± 0.95
3.39 ± 0.75

3.16 ± 1.01
2.79 ± 0.97
3.67 ± 0.56

3.73 ± 0.69
2.49 ± 1.10
3.53 ± 0.76

ES/Group of Interest

In bold are the three most important ES by groups of interest.

The representatives of environmental NGOs emphasize the relevance of fuelwood production
and NTFP, but they consider tourism-recreation in forests in ﬁrst position in the ranking of importance,
with a mean value of 3.59.
For the representatives of public administrations, the three most important forest ES are air and
water quality (ﬁrst position with a mean value of 3.71), tourism-recreation in forests (second position
with a mean value of 3.67), and nature conservation (third position with a mean value of 3.53). This ES
ranking should not be surprising if we consider that public administration has as its objective the
valorization of common goods such as environmental externalities. Consequently, the productive
aspects with positive effects in the private sphere—e.g., timber and fuelwood production, NTFP—have
a secondary importance for public administrations.
Observing data by ES categories (Table 4), the results show that for public administrations the
most important category of ES is regulating services (mean value = 3.44), emphasizing the importance
of nature conservation and the quality of air and water. This fact is presumably due to the public
administrations’ aim to pursue the well-being of their community; consequently, the valorization of
the air, water and environment quality is a point of strategic importance. For the other three groups of
interest (environmental NGOs, actors of the forestry industry and actors of the tourism sector) the most
important category of ES is cultural services, with mean values of 3.20, 3.06 and 3.25, respectively. It is
interesting to highlight that the high value assigned to cultural services is due to different preferences
for single ES by group of interest: Actors of forestry industry and tourism emphasize the importance
of hunting, while the representatives of environmental NGOs and public administrations assign a
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high importance to tourism-recreation. In addition, all groups of interest, apart from the actors of the
tourism sector, consider provisioning services as the least important ES category with the following
mean values: 2.89 for the environmental NGOs, 2.83 for the actors of the forestry industry, 2.87 for the
public administrations.
The chi-square test shows statistically signiﬁcant differences for the following ES categories:
Regulating services for representatives of actors of the tourism sector (p-value = 0.0080) and cultural
services always for actors of the tourism sector (p-value < 0.00004).
Table 4. Stakeholders’ preferences for three ES categories by groups of interest (mean value).
ES Category/Group of Interest
Provisioning services
Regulating services
Cultural services

Environmental
NGOs (n = 19)

Forestry Industry
Actors (n = 131)

Public Administrations
(n = 168)

Tourism Actors
(n = 44)

2.89 ± 0.56
3.05 ± 0.77
3.20 ± 0.54

2.83 ± 0.41
3.06 ± 0.79
3.06 ± 0.61

2.87 ± 0.45
3.44 ± 0.70
3.21 ± 0.54

2.85 ± 0.41
2.84 ± 0.84
3.25 ± 0.62

In bold are the most important ES by groups of interest.

3.3. Socio-Demographic Characteristics of Respondents
The results show that socio-demographic characteristics of respondents have an inﬂuence on
preferences for some ES with special regard to two ES categories (Tables 5 and 6): Regulating services
and cultural services.
Table 5. Stakeholders’ preferences for ten ES by socio-demographic characteristics of respondents
(mean value).
Fuelwood

Timber

Grazing

NTFP

Natural
Hazards
Protection

Air and
Water
Quality

Age
Less than 35 years old
36–45 years old
46–55 years old
56–65 years old
More than 65 years old

3.53 ± 0.81
3.61 ± 0.65
3.45 ± 0.78
3.44 ± 0.74
3.58 ± 0.79

1.65 ± 0.82
1.85 ± 0.98
1.91 ± 0.84
1.56 ± 0.74
1.83 ± 1.19

2.71 ± 0.88
2.65 ± 0.91
2.76 ± 0.87
2.80 ± 0.93
2.33 ± 0.78

3.47 ± 0.56
3.39 ± 0.74
3.35 ± 0.73
3.38 ± 0.71
3.75 ± 0.62

2.71 ± 1.27
2.80 ± 1.18
2.92 ± 1.16
2.88 ± 1.14
2.17 ± 1.34

3.56 ± 0.81
3.52 ± 0.87
3.66 ± 0.61
3.53 ± 0.88
3.42 ± 1.00

3.32 ± 1.12
3.18 ± 1.03
3.45 ± 0.84
3.35 ± 0.90
3.08 ± 1.16

Gender
Male
Female

3.51 ± 0.74
3.47 ± 0.67

1.82 ± 0.90
1.47 ± 0.67

2.72 ± 0.89
2.63 ± 0.88

3.40 ± 0.72
3.32 ± 0.68

2.82 ± 1.17
2.89 ± 1.26

3.58 ± 0.75
3.53 ± 1.07

3.58 ± 0.63
3.44 ± 0.84

1.69 ± 0.92
1.75 ± 0.85

2.56 ± 0.85
2.74 ± 0.89

3.40 ± 0.76
3.41 ± 0.68

2.49 ± 1.24
2.87 ± 1.11

3.55 ± 0.67

1.98 ± 0.89

2.84 ± 0.91

3.35 ± 0.71

3.10 ± 1.17

Socio-Demographic
Characteristics/ES

Level of education
Elementary school
High school
University or
post-University degree

Sporting

Tourism
-Recreation

3.21 ± 0.94
3.24 ± 1.02
3.27 ± 0.89
3.39 ± 0.86
3.75 ± 0.62

2.79 ± 1.00
2.55 ± 1.04
2.55 ± 0.99
2.68 ± 1.03
3.17 ± 0.72

3.53 ± 0.65
3.52 ± 0.74
3.54 ± 0.66
3.67 ± 0.60
3.58 ± 0.79

3.34 ± 0.92
3.05 ± 1.21

3.31 ± 0.93
3.115 ± 0.85

2.63 ± 1.00
2.47 ± 1.04

3.56 ± 0.66
3.42 ± 0.74

3.38 ± 0.90
3.61 ± 0.77

3.06 ± 1.01
3.41 ± 0.91

3.49 ± 0.81
3.26 ± 0.96

2.61 ± 1.00
2.63 ± 1.05

3.50 ± 0.73
3.59 ± 0.63

3.72 ± 0.64

3.44 ± 0.94

3.14 ± 0.96

2.62 ± 0.97

3.57 ± 0.68

Nature
Hunting
Conservation

Table 6. Stakeholders’ preferences for categories of ES by socio-demographic characteristics of
respondents (mean value).
Socio-Demographic Characteristics/Category of ES

Provisioning Services

Regulating Services

Cultural Services

Age
Less than 35 years old
36–45 years old
46–55 years old
56–65 years old
More than 65 years old

2.84 ± 0.44
2.88 ± 0.51
2.87 ± 0.40
2.80 ± 0.37
2.88 ± 0.42

3.20 ± 0.89
3.16 ± 0.89
3.34 ± 0.69
3.25 ± 0.71
2.89 ± 0.72

3.18 ± 0.56
3.10 ± 0.63
3.12 ± 0.55
3.25 ± 0.56
3.50 ± 0.50

Gender
Male
Female

2.86 ± 0.44
2.72 ± 0.35

3.24 ± 0.75
3.16 ± 1.02

3.17 ± 0.58
3.00 ± 0.53

Level of education
Elementary school
High school
University or post-University degree

2.81 ± 0.39
2.84 ± 0.44
2.92 ± 0.47

2.96 ± 0.81
3.27 ± 0.76
3.35 ± 0.76

3.19 ± 0.65
3.16 ± 0.54
3.12 ± 0.56

With regard to age, it is interesting to highlight that for one ES (i.e., hunting) the level of importance
increases with the age of respondents (from respondents who are less than 45 years old to respondents
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more than 65 years old: 3.24 < 3.27 < 3.39 < 3.75). In addition, respondents over 65 consider cultural
services more important than respondents under 65 (mean values of 3.25 and 3.50, respectively);
conversely, respondents below 65 assign a higher value to regulating services than respondents above
65 (mean values of 3.25 and 2.89, respectively).
The chi-square test shows a statistically signiﬁcant difference for regulating services regarding
respondents younger than 35 (p-value = 0.0044).
Observing the data by gender, the results show that females consider natural hazards protection
more important than males (mean values of 2.89 for females and 2.82 for males). The stakeholders’
preferences for ES categories conﬁrm that males assign the highest value to all three categories, but the
chi-square test shows no statistically signiﬁcant differences.
With regard to the level of education, respondents with a lower level assign a higher importance
to one ES than respondents with a higher level, i.e., hunting (mean values of 3.49 for respondents
with an elementary school certiﬁcate, 3.26 for respondents with a high school degree, and 3.14 for
respondents with a university or post-university degree). In contrast, respondents with a higher
level of education assign a higher importance to four ES than respondents with a lower level of
education (mean values from elementary school certiﬁcate to university degree): Timber production
(1.69 < 1.75 < 1.98); grazing (2.56 < 2.74 < 2.84); natural hazards protection (2.49 < 2.87 < 3.10); and, air
and water quality (3.38 < 3.61 < 3.72). The chi-square test shows statistically signiﬁcant differences
only for two ES: Grazing for persons with a university degree (p-value < 0.0009) and Natural hazards
protection for persons with a high school degree (p-value < 0.008). Considering the ES categories,
the results show that respondents with a higher level of education prefer two of these (provisioning
services and regulating services), while respondents with a lower level of education prefer cultural
services provided by forests. However, the chi-square test shows no statistically signiﬁcant differences
between ES categories.
4. Discussion
The results of the present study provide evidence of the preferences of stakeholders for ten
forest ES and three main ES categories. Results show the preferences considering both the various
stakeholders’ groups of interest and the socio-demographic characteristics of the respondents.
The information collected during the interviews is usually used in the next phase of the FLMP
for the deﬁnition of objectives and priority actions. In particular, the overall ranking can be used
to identify a priority order of actions to be implemented to enhance the most important forest ES.
In addition, the rankings of each group of interest can be used in order to take into account all interests.
Our experience shows that the ES concept is very useful in forest planning, despite being developed
in a much wider context than the forest sector itself. It allows the integration of different actors in
the decision-making process related to natural resources management and makes it possible to also
take into account the new needs that are being expressed by society towards ecosystems. It provides
decision makers useful information to be incorporated into the planning process and a common
language that facilitates communication with and between researchers/technicians, decision makers,
stakeholders and the public at large, placing at the center of all considerations a discourse regarding
quality of life.
In our research, we constantly faced two important questions: At what scale can the whole range
of ES be appropriately taken into account, and what is the best approach for ES identiﬁcation?
In forest planning the missing link was actually the landscape-scale planning. This scale proved
to be the most suitable for taking into account issues of public interest, such as soil protection or nature,
and landscape conservation and, at the same time, harmonizing them with needs and targets expressed
by the different local actors. Once the objectives and the management strategies to realize them have
been identiﬁed, the FUMP can acknowledge them and contextualize them on the territory.
As for the approach to identify ES, the qualitative assessment experimented by means of our case
studies have given satisfactory and promising results.
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We had a challenge of stakeholders’ identiﬁcation and categorization, which was successfully
overcome, thanks to the three-step model of stakeholders’ analysis we adopted [32]. After that,
the administration of questionnaires, by means of face-to-face interviews, allowed for the fruitful
involvement of stakeholders. In particular, the relaxed and informal atmosphere intentionally created
during the interviews, not only permitted one to elicit people’s needs and opinions, but also allowed
for a climate of trust and reciprocal understanding. Inclusiveness is actually acknowledged as a critical
requisite for an effective participatory planning process. When planning in rural areas, it may be
especially difﬁcult to involve those stakeholders from the primary sector who often have a marginal
role in the social system, despite being directly in charge of the management of local natural resources.
Such a situation may entail two main consequences: The loss of valuable information during the
elaboration of the plan and the origination of possible conﬂicts during the implementation stage [42].
Strictly connected to the issue of inclusiveness is the need for a large and effective representation of
different views and interests in the planning process [58,59]. Indeed, a fair and balanced representation
is difﬁcult to attain. Since we were aware of this problem, in our case studies we made great efforts in
order to give different voices the chance to be heard and to represent different interests in a satisfactory
way, focusing in particular on both the key and primary stakeholders.
When observing the results of the ES assessment in our case studies, we are faced with some
expected and predictable outcomes, but also some surprising ones. As to regulating services, it is
evident that in Mediterranean areas we ﬁnd less attention is paid to natural hazards compared to
alpine or mountainous regions. It is striking, on the other hand, to ﬁnd a keen sensitivity towards
issues such as air and water quality and nature conservation, which one would not expect in highly
rural areas, such as the districts investigated. It is a clear sign that people’s perception is changing
and this may be in part due to the existence of protected areas which, despite having initially caused
conﬂicts with local populations, are now producing a slight evolution of their awareness [60].
Concerning provisioning services, it is interesting to note that not only fuelwood production,
but also NTFP, are considered very important. This means that it is not just the forest that provides
people with goods, but the entire landscape, in all its components. The fact that timber is considered
less important is largely due to the prevalence of coppices. However, factors related to local traditions
play an important role, as has been also highlighted in other European studies [61–63]. The Matese
district may be considered emblematic in this regard: Here, in fact, despite beech high forests being
present, which are also potentially very productive, most of the wood production is utilized for
energy purposes. Actually, many of the present high forests previously were coppices intensively
utilized for ﬁre-wood production and systematically subjected to grazing. Today we do not ﬁnd in this
territory a well-structured forestry industry, able to suitably valorize the wood assortments coming
from high forests. This is a typical problem that has to be dealt with at the FLMP scale. Considering
the importance of the primary sector in the districts investigated, we would expect greater importance
attributed to grazing in line with what has emerged in other studies carried out for the realization of
other FLMPs in southern Italy [32,64]. This is probably a sign of the socio-economic change in progress
in the territories of the districts investigated, which affects the priorities expressed towards the ES.
With regard to cultural services, the results of this study show that in various contexts tourismrecreation is considered an important ecosystem service. In this sense, several authors have highlighted
that key forest attributes to increase recreational attractiveness are naturalness of forest landscape, tree
species composition (e.g., mixed forests vs. pure broadleaved of conifer forests), horizontal and vertical
stand structure, and tourism facilities (e.g., hiking paths, parking and picnic facilities) [65–67]. In addition,
Czajkowski et al. [68] highlighted that according to public opinion the most important biodiversity
and recreation attributes of Polish forests are the amount of litter (garbage and rubbish) in forests,
and the level of recreational infrastructure. Concerning the aesthetic aspects of tourism-recreation,
De Valck et al. [69] investigated people’s preferences for nature restoration scenarios showing that
the conversion of forest plantations can increase landscape diversity and species richness. Similarly,
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Valasiuk et al. [67] showed that Swedish and Norwegian citizens are willing to pay for forest landscape
restoration of the transboundary Fulufjället National Parks.
Concerning hunting, we placed it in the cultural services category, following most acknowledged
classiﬁcations. However, considering the highly rural context, we could have included it in the category
of provisioning services. In fact, the actors of the forestry industry attribute a high value to cultural
services also due to the fact that hunting has been included in this category. This should lead us to
reﬂect on the importance of considering speciﬁc local contexts in categorizing ES. Speaking more
generally, as highlighted also for alpine areas, the role of some speciﬁc ES should be analyzed and
clariﬁed better [29].
Taking into account the inﬂuence of the groups of interest variable, it is apparent that there
is certain sensitivity on the part of the actors of the forestry industry towards regulating services.
A further interesting aspect is that the actors of the forestry industry and those of the tourism sector
have a similar order of priorities in the ranking of importance for the ES. In particular, the actors from
the tourist sector show great interest in some provisioning services. All this opens up to interesting
prospects related to opportunities of making the most of synergies between different ES. Furthermore,
positive interaction could be stimulated between local actors that would enable a sustainable and
self-propelling development of areas long considered economically marginal. Obviously this would
necessitate being adequately supported during the implementation stage of the plan.
5. Conclusions
The present study analyzed stakeholders’ opinions and preferences for different categories of
forest ES in order to provide new information to the decision makers (forest planners and managers).
The data were collected through the face-to-face administration of a semi-structured questionnaire.
This method has the main advantage of being able to collect a large number of standardized information
in a short time. In addition, the data are an overview of social preferences to be included in the
landscape planning in accordance with the principles of FLMP. Conversely, the main disadvantage is
that the method is not able to deepen the data collected with qualitative information. The future steps
of the study are to collect also qualitative information through in-depth interviews with a sub-sample
of stakeholders. Besides, stakeholders’ preferences for ES and categories of ES should be mapped in
order to facilitate the inclusion of social preferences in forest planning and management choices.
Finally, we think the exercise we made in the present research—to support landscape planning
with stakeholders’ point of view—can help design the handling of a FLMP, where multiple stakeholders
and conﬂicting criteria could be involved. We are also conscious that a lot of work still remains, because
preferences for ES are inﬂuenced by a combination of factors deeply rooted in the local context and
related to places and people (including attitudes; cultural, social, and human values; and biophysical
differences in forest features).
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Abstract: In the Italian political and economic agenda the forest sector occupies a marginal role.
The forest sector in Italy is characterized by a high institutional fragmentation and centralized
decision-making processes dominated by Public Forest Administrations. Public participation in
forest policy processes has been implemented since the 1990s at national, regional and local levels in
several cases. However, today no signiﬁcant changes have been observed in the overall governance
of the forest sector and stakeholders’ involvement in Italian forest policy decision-making is still
rather limited. The aims of this paper are to describe the state of forest-related participatory
processes in Italy at various levels (national, regional and local) and identify which factors and actors
hinder or support the establishment and implementation of participatory forest-related processes
in the country. The forest-related participatory processes are analyzed adopting a qualitative-based
approach and interpreting interactive, complex and non-linear participatory processes through the
lens of panarchy theory.
Keywords: panarchy theory; national forest policy framework; stakeholders; participatory forums;
interviews survey

1. Introduction
In Italy, forest policy issues are not included in public debates. The forest sector has a marginal role
in the political and economic agenda due to its low contribution to GDP [1,2]. Forests and forest-related
issues are interconnected with other more important sectors, such as agriculture, rural development,
biodiversity conservation, climate change and tourism, but even the role of these sectors in national
economic growth and societal challenges has been systematically underestimated or disregarded in
spite of their collective importance to the nation. The only reasons for forests becoming visible to
public opinion are forest ﬁres during summer.
This situation is due to various factors. First of all, the highly fragmented institutional framework,
with 21 regional or provincial public authorities (regions or autonomous provinces) which includes
forest sector tasks, has remained decentralized since the 1970s. Decentralization has produced
a strong fragmentation in the national forest system: According to the different socio-economic
and environmental conditions, there is a heterogeneous framework of regional forest policies with
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priorities and issues that vary from region to region [3]. Secondly, there is no single national
political institution that efﬁciently coordinates and links international, national, and regional sectoral
policies. Three Ministries are directly involved in the forest sector—“Agriculture, Food and Forestry
Policies”, “Environment and Protection of Land and Sea”, “Culture and Tourism”, plus the Ministry
for “Economic Development” (for the relevance of the timber industry, which is mainly based on
imports). Often, overlaps and unclear distribution of roles and responsibilities among these Ministries
result in conﬂicts between vision statements and incongruence among policies. Recently, in accordance
with Law no. 124/2015, the National Forest Service, an important historical institution specialized in
protection of the national forestry heritage, environment, landscape and territory, has been merged into
another national unit, a national police force that is military in nature (Arma dei Carabinieri), not focused
on the forest sector. This has created additional conﬂicts without signiﬁcantly solving the problem
of fragmentation, because the local ofﬁces and units are basically maintained even if the hierarchical
structure is changed. Recently, a new national Forest Law that tries to address the sector as a whole
was approved in 2018 (Law No. 34/2018). Lastly, there is an absence of national private and public
forest owners’ associations, which are large enough to be considered representative of the whole sector.
Only a few and highly fragmented forest-related groups of interest can be identiﬁed as organized
stakeholders, with an almost complete absence of active private owners.
Public participation in forest policy processes might help to understand and deal with the
social and ecological complexity that characterizes the Italian forest sector [4,5]. Participation—in
its simpler form of “stakeholders consultation”—has been implemented in Italy in several cases,
at national, regional and local levels, since the ﬁrst experiences connected with the introduction of
forest certiﬁcation mechanisms in the country after 1995 [3]. In the last 20 years, there have been several
initiatives based on participation, at various levels, with different drivers such as some European rules
(e.g., EC Regulations 1698/2005 and 1305/2013 on the Rural Development Programme for 2007–2013
and 2014–2020, respectively; Agenda 21 Local Programmes; Nature 2000 network), some voluntary
market-based policy instruments (e.g., the development of Sustainable Forest Management standards
and procedures for forest certiﬁcation schemes; the development and implementation of schemes
for Payments for Ecosystem Services and network- and non-timber forest products based territorial
marketing initiatives), and some speciﬁc local factors (e.g., the existence of community-based ancient
institutions in mountainous areas). However, all the above-mentioned factors create a difﬁcult context
for effective and successful participation. They contribute to maintaining the status quo, limiting
entrepreneurial innovation and retaining latent conﬂicts, thus ultimately leading to still centralized
decision-making processes dominated by forest public administrations, while other stakeholders seem
to have minor roles [3].
Italy suffers from a large number of ineffective and failing participatory processes in the forest
sector [3], one of the reasons being the high fragmentation of participatory forums that can be an effect
of the fragmentation of the institutional framework, and consequently of objectives and means but also
actors and interests. Italian participatory forums often overlap, replicate efforts, and do not interact
or create synergies with one another. As a consequence, despite the various participatory-oriented
initiatives launched in the country, no signiﬁcant changes can be observed in the overall governance of
the sector.
Starting from these considerations, the aims of this paper are to describe the state of forest-related
participatory processes in Italy at various levels (national, regional and local), to provide elements for
understanding whether “orchestrating” forest policy [6] in such a context is a “mission impossible” and,
regardless, to make recommendations as to what actions could be done in the future that could result in
effective national-level forest policy and processes. Crucial guiding questions are: (i) which factors are
able to hinder or support the establishment and implementation of effective participatory forest-related
processes involving scientists, stakeholders and the general public in the country; and (ii) whether we
have (or not) learned lessons from participatory-oriented experiences in the Italian forest sector in the
last 20 years that can now be used to orchestrate policy making.
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These questions are particularly challenging if we consider the emerging and stimulating societal
changes that participatory forest policy and decision-making processes should take into account at
global (e.g., the increasing use of new communication instruments to exchange information, such as
social networks and massive open science initiatives) and domestic (e.g., the complex, multi-level and
inefﬁcient institutional and legal framework, the absence of organized interested groups, the neglected
economic role of forests) levels. Deliberative politics are generative, i.e., they create and animate
actors and organizations, deﬁne problems and knowledge, and form new institutions for collective
action [7], but the processes for reaching these outputs are deﬁnitely not linear [8]. This is especially
true today, where we must consider the growing complexity of interactive decision-making processes
which involve not only policy makers, experts and scientists and other target stakeholders (e.g., forest
owners and their associations), but where also the general public is gaining a new role, not only in
decision-taking, but also in knowledge co- constructing (e.g., mass-science initiatives).
Concepts of Forest Policy Participatory Processes
To meet our aim of describing participatory processes in Italy, a background on concepts of
these processes is needed. Participation is deﬁned by the Food and Agriculture Organization (FAO)
of the United Nations [9] as various forms of direct public involvement where people, individually
or through organized groups, can exchange information, express opinions and articulate interests,
and have the potential to inﬂuence decisions or the outcome of speciﬁc forestry issues. For the World
Bank [10], participation is a process through which stakeholders inﬂuence and share control over
development initiatives, and the decisions and resources that affect them.
In the last decades, the role of public participation in the development and implementation of
forest policy has been recognized at international level. In the 1990s, the Intergovernmental Panel
on Forests [11] recommended the development of National Forest Programmes (NFPs) through
a participatory process using appropriate mechanisms to involve all interested parties [12,13].
Subsequently, the ﬁrst EU Forestry Strategy (1998) stressed the relevance of collaboration with all
stakeholders in the implementation of international commitments, principles and recommendations
through national or sub-national forest programmes, while the new EU Forestry Strategy (2013)
emphasized the role of stakeholders to address the three dimensions of sustainable development
(social, economic and environmental) in an integrated way.
Recently, in the forest sector new competences and demands are being asked of decision makers,
due to the new forest functions that have progressively appeared alongside timber production
(i.e., nature conservation, climate change mitigation, protection against natural hazards, recreational
use of forests), in order to satisfy the needs of post-modern society [14,15]. The international debate on
sustainable development recognizes the importance for forest policies to promote the consideration of
the “full value” of forests [16]. An important element in this new approach to policy deﬁnition is the
shift from a one-dimensional target related to forest productivity to multifunctionality [17].
In this framework, participatory policy processes are a necessity, because the deﬁnition of a
forest-related policy must take into account a wide range of information related to various settings,
involving local communities, adjusting and implementing decisions across different levels with a
continuous interplay between top-down and bottom-up governance [18], promoting exchange of
knowledge and collaborative learning about problems and their solutions [19], and approaching
decisions that are both legitimate and sustainable [20]. Despite these fundamental characteristics,
the speciﬁc aims of participation may differ according to historical period and the geographical and
socioeconomic context [5]. Nevertheless until lately only a few national or regional contexts exist
where the participation process for the development of forest policies followed a rigorous procedure
and there is still no agreement on a unique, appropriate participation process [21].
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2. Materials and Methods
Because participatory-oriented decision-making processes in forestry are systems characterized by
a very high degree of complexity, and by multidimensional and non-linear processes and structures [7],
we adopt a framework for this study that combines panarchy theory and participatory processes.
First, panarchy theory is described. The panarchy model differs from the more static view of traditional
hierarchy and “controlled top-down rationalist procedures” [22], so it seems particularly useful for
understanding complex multi-level, multi-actor and multi-sector and non-linear decision-making
processes typical of participatory forums. The situation in Italy is then described, followed by results
based on the use of the panarchy model as a qualitative-based predictive analytical tool to grasp
at what stage of development a forum is in, as well as what actions could be used to improve the
participatory process.
2.1. Our Framework: Combining Panarchy Theory and Forest Policy Participatory Processes
Panarchy is a model of linked, hierarchically arranged adaptive cycles representing the cross-scale
dynamic interactions among the levels of a complex self-organizing system [8]. Panarchy considers the
interplay between change and persistence, evaluating both the spatial and time scales [7,8]. Originating
from ecological sciences, in its applications to social sciences this theory has been deﬁned as a metaphor
used to describe four commonly occurring phases of change in complex systems [8], as a framework to
understand the institutional and organizational change needed to enhance resilience [23], to underline
discontinuities in urban and regional economic systems [24], and to identify legal reforms that allow for
resilience-based governance [25,26]. We argue that panarchy can also be used to interpret forest-related
participatory policy making processes and policy changes. Speciﬁcally, the four recurrent phases of the
adaptive cycle described by panarchy [7] can be used as a qualitative-based predictive analytical tool,
to understand how a participatory forum is evolving, its stage of development and, above all, what can
be done in advance to prevent failures or reduce problems. The four recurrent phases (identiﬁed as r,
k, Ω and α in the general theory) are described hereafter as adjusted to forest-related participatory
processes. Panarchy theory phases and their complex dynamic interactions are represented in Figure 1.

Figure 1. Panarchy theory: phases and dynamic cross-scale interactions. Source: Shannon 2015 [8].

2.1.1. Phase 1: Growth (r)
The ﬁrst phase is considered not only a growth phase, but also an exploitation phase, where a rapid
increase of system components (resources) and scramble competition occurs. It can be assimilated to the
ﬁrst, enthusiastic phase of participatory processes, where human and ﬁnancial resources are allocated to
support the launch and future expected management of the participatory policy initiative. During this
phase, a large number of stakeholders are contacted and activated to become involved, preparatory
meetings are organized to set the scene, and plans for further development are made. The policy
process is typically rapid and quite ﬂexible, many different solutions are still possible, and participants’
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perception of the potential of their own and others’ participation is still open and positive. To be
effective, participatory processes should optimize this phase, taking the maximum advantages from
the initial enthusiasm (e.g., using the phase to build reciprocal trust between participants as well as
between participants and the governance system [27,28], and consolidate relationships that are crucial
for collaboration).
2.1.2. Phase 2: Conservation (k)
The second phase, Conservation, typically lasts longer than the ﬁrst phase: Growth rates are
slower, context limits and potential appear. Besides, resources start to be conserved and tend to
be bound up in the system’s structure, which becomes more rigid. In our ﬁeld of application,
it corresponds to the phase where policy problems are debated, latent conﬂicts may ﬁrst become
visible, discussions are long and contribute to slowing the process. Furthermore, resources are
being progressively reduced and soon become scarce, the system becomes more rigid, with ﬁxed
and strict deadlines and appear the ﬁrst signs of stakeholders becoming demotivated and/or
disappointed. In participatory processes, options for preventing the problems connected to this
phase include, for example, allocating enough resources (time, funds) [28,29] for long discussions to
be satisfactorily completed and deﬁning a clear step-by-step plan where discussions are followed by
taking intermediate decisions.
2.1.3. Phase 3: Release (Ω)
The phase of Release is a rapid phase of collapse or creative destruction, where tightly
bound resources become increasingly fragile and are ﬁnally dispersed. In our ﬁeld of application,
it corresponds to a stage in which one or more stakeholders decide to leave the process (e.g., being
dissatisﬁed by the results or procedures, or not feeling involved enough) and the process itself seems
to have failed. Energy, efforts and time voluntarily dedicated to the process by single participants
become scarce, while ﬁnancial resources allocated for supporting participation are almost ﬁnished and
cannot be quickly re-instated. In order to prevent potential problems connected to this phase from
arising, the previous phases have to be kept as short as possible, and accurately and professionally
managed. At the same time enough resources have to be allocated from the beginning. In other words,
the organizers should be aware that a good participatory process needs time, qualiﬁed soft-skills and
money [29–31].
2.1.4. Phase 4: Reorganization (α)
In this last phase, the system innovates and re-structures itself, with two possible solutions:
(i) persistence of the original regime, or (ii) a shift to a new one with a different set of processes
and structures. In the ﬁrst case, the participatory process is abandoned and the decision-making
procedures remain the same as usual, as deﬁned in the previous regime, often based on a predominant
role of the public forest authority, which in the end takes a rational-based decision by primarily
engaging experts and scientists, and only marginally considering ideas and proposals expressed by
non-experts or the general public. In the second case, the participatory initiative continues but with
new procedures, new power distribution among those stakeholders who remained onboard, and with
re-deﬁned objectives and preferably with new resources allocated.
Adaptive cycles have the potential to affect both smaller and larger scales. Consequently,
the theory emphasizes “cross-scale linkages whereby processes at one scale affect those at other
scales to inﬂuence the overall dynamics of the system” [7]. This means that, sometimes, small-scale
variables and bottom-up processes, which act faster than larger-scale processes, can control and
determine the overall system dynamics. Cross-scale or multi-level interactions between more timely
policy processes occurring at lower levels (i.e., local, where policies are implemented through projects)
and more slower processes occurring at higher and larger hierarchical levels (i.e., national or global,
where policies are conceptualized and designed as guiding principles) have been mentioned in the
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literature [32,33]. In general, many authors have highlighted that participatory processes are more
effective at local level [31,34]. Two other principles of panarchy, Remember and Revolt, are connected
with scale and cross-scale issues [7]. The ﬁrst one, Remember, is based on the idea that larger scale
socio-ecological systems regulate lower levels by providing institutional arrangements for resilience
i.e., forms of memory that encourage reorganization around the same structures and processes rather
than a new set. In our ﬁeld of application, this principle can be understood as the conservative attitude
of forest public administrations, resisting changes [35] and external inﬂuences. The second principle,
Revolt, is based on the idea that smaller scale socio-ecological systems foster change, experimentation
and institutional revolution. In our ﬁeld of application, it can be interpreted as the chance of inducing
institutional revolution typical of pioneers, innovators and bottom-up promoters of new concepts and
initiatives (e.g., Rametsteiner 2002 [36] in relation to Sustainable Forest Management (SFM) standards
setting processes).
2.2. The Italian Context
The complexity of panarchy adaptive cycles and their phases is exacerbated by their application
to the Italian forest context, which is characterized by variegated ecological, economic and social
conditions throughout the country (see Table 1).
In this context, several participatory processes have been implemented, with different results,
over the spatial and administrative scales [37].
Table 1. Key concepts to understand the forest sector in Italy.
Key Concept

Description

Forest cover

From the National Forestry Inventory data, the area covered by forests is 10.9 M ha
(more than 30% of the total land) and has increased by 0.6 M ha since 2005. 95% of
forest is distributed in the mountains and hilly areas, mainly the Alps and Apennines.
The majority of forest area is under coppice regime (41.8%), especially in Central and
Southern Italy, while high forests of coniferous and broadleaves (36.1%) are
predominant in the North. The percentage of “not deﬁned” forest types is
signiﬁcant (20.8%).

Property regime

More than 63.5% of forest area is private, 32.4% is public and 4.1% is not qualiﬁed.
There are positive forms of management association in some areas, but at national scale
forest ﬁrms are managed by forest-owners. Results of the Census 2011 have counted
328,358 forest ﬁrms and the forest area included in the ﬁrms is 2.9 M ha, with an
average size of 8.9 ha. A few bigger ﬁrms (>100 ha), 3.7%, manage the largest amount
of forest (64.7%) with an average ﬁrm of more than 150 ha; while the largest number of
ﬁrms (<100 ha), 96.4%, manage only 35.3% of forest area, with an average of less than 3
ha/ﬁrm. The most relevant ﬁgure, however, is the amount of forest not included in
active forest ﬁrms i.e., 3 M ha.

Forest management

It is developed according to the rules dictated by the regional forest code and regional
forest laws. Frequently ﬁrms in the North manage forest according to the Forest Plan
forecasts, and thanks to the support of EU funds; the ﬁrms adopting a forest plan are
increasing even in the other regions and especially for public property.

Production

In the period 2010–2014 average timber production was in the range 7–6 M m3 /year.
This is mainly for energy use (63.7%), while 31.9% is classiﬁed as roundwood.
Other (non-timber) forest products (NTFPs), chestnuts, mushrooms, strawberries and
plants for food are gathered. A large amount is for self-consumption, but companies
that use NTFPs for economic activities are increasing.

Forestry economic
performance

The added value of the forest sector has been estimated as €1.2–1.5 million in the last
5-years, with a contribution to the total value of national economic activity of ca. 0.05%
while its contribution to GDP at national level is 0.09%.
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2.3. Survey Methodology and Analytical Matrix
A qualitative-based research approach has been adopted in the present research. The survey
methodology was developed with a 3-step approach including: (i) semi-structured interviews
with policy makers, experts and stakeholders; (ii) identiﬁcation and description of explicatory case
studies; and (iii) deﬁnition of a set of criteria for assessing the success level of selected case studies’
participatory processes.
2.3.1. Semi-Structured Interviews
A set of semi-structured interviews was conducted to ﬁnd out the main participatory-based
arenas/forums dealing with forest-related policies in Italy. The interviews were held from March
to June 2015. A total of 7 interviewees were selected subjectively by the authors and included:
(i) professors and researchers at universities or research institutes (n = 2); (ii) public decision makers
(n = 3); (iii) professionals of private associations and representatives of NGOs (n = 2). An attempt to
have a higher number of respondents was made but without success. The main reason for this is the
limited number of experts and other types of actors directly dealing with forest policy issues in Italy,
so that the 7 selected interviewees constitute a rather representative sample [38].
A list of questions suitable for a face-to-face interview was drawn up and pre-tested. It comprised
13 questions (11 open-ended and 2 closed-ended questions), which were chosen to keep the structure
simple. In the 2 closed-ended questions the respondents had to choose from a list of pre-set
responses or from a ranking scale with n options. Themes included: (i) position and number of
years interviewees had been involved in their organizations; (ii) experience and personal participation
concerning forest-related participative forums and decision making processes in Italy; (iii) main forms
of participation used in the processes; and (iv) own opinion and level of satisfaction with the results of
the participatory forums and processes. All the interviews were conducted by the authors through a
face-to-face meeting and lasted from 20 to 40 min. The order in which questions were asked remained
the same, and the questions were read together by the interviewer and interviewees. For each question,
there was discussion and an exchange of information, useful to obtain explanations for responses and
interpret the results [38].
2.3.2. Case Studies Selection
On the basis of interview results, a list of case studies of forest and forest-related participatory
forums and processes in Italy was identiﬁed. These participatory processes, mentioned as the most
relevant by respondents, have been categorized by level (national, regional or local) and described
in terms of period, name, story (in brief), main promoter(s) and managers, and participants (Table 2).
While the list at national level is almost complete, the table is not exhaustive for all the forums launched
and managed at regional and local levels throughout the country. To create a full catalogue of all
existing processes at these two administrative levels is out of the scope of this study.
Four cases were selected from the listed forums and included in the study: Two developed
at national level and were reported by all respondents as the most relevant and successful, and
two reported by key-informants at local/regional level. These four participatory forums have been
described as “explanatory” cases according to Yin (2009) [39]: (1) the Framework Program for the
Forest Sector (PQSF); (2) the Table on Forest-Wood Chain; (3) the partnership for the process of building
the Model Forest “Montagna Fiorentina” in Tuscany (Central Italy), and (4) the formulation of regional
regulation of the forest sector in Piedmont (Northern Italy).
The case studies analysis has been integrated through the direct knowledge of and observations
by the paper’s authors. Some of them have more than 30 years of direct experience with forest
policy processes in the country, some are currently involved in forest policy reforms at national level,
and others have published papers on participatory-oriented processes in forestry in Italy [3,5,38,40–46].
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National

Political
Level

FSC-Italy (National Secretariat)

CONLEGNO Monitoring
Organization (National Committee)

Italian Academy of Forest Sciences

Ministry of Agriculture, Food and
Forestry Policies
Ministry of Agriculture, Food and
Forestry Policies.
The National Rural Network manages
the process
National Institute of Agricultural
Economics (INEA) (now transformed
into CREA)

To develop, approve and periodically update with
stakeholders participation a set of national standards for
SFM consistent with the international set of FSC Principles
and Criteria.
To develop and approve with stakeholders participation a
set of standards for SFM consistent with the Pan-European
set of Criteria and Indicators speciﬁc to the Italian context
for PEFC forest certiﬁcation processes.
To promote the quality of companies and their products in
timber and related sectors. To promote the provision of
services related to stages of production of the member’s
undertakings.
To develop a commonly agreed set of SFM standards to
guide forest management and create a basis for forest
certiﬁcation in Central and Southern Italy, with no
references to any speciﬁc forest certiﬁcation scheme.
To identify general strategies and policy guidelines for the
forest sector. No funds or other resources have been
allocated for implementation.
To deﬁne new tools, strategies and networks to increase the
supply of domestic timber. The table is structured into
working groups, including key forest sector stakeholders.
Other sectors and interests (e.g., environmentalists) not
involved.
To provide updated information on forest carbon
sequestration/stocks, and develop common guidelines for
monitoring, forest carbon investments, etc.

Forest Stewardship Council
(FSC)-Italy working group on SFM
standards for the Italian Alpine
regions

Programme for the Endorsement of
Forest Certiﬁcation (PEFC)-Italy
working group on SFM national
standards

Scientiﬁc Committee of Services
Consortium wood-cork
(CONLEGNO)

National Working Group on SFM
standards for Apennine and
Mediterranean forests (SAM)

Framework Program for the Forest
Sector (PQSF)

Table on Forest-Wood chain

Carbon Monitoring Nucleon

1996–2000

2002–ongoing

2003–2005

2007–2009

2012–ongoing

2007–ongoing

2001–ongoing

Department of Land, Environment,
Agriculture and Forestry
(TESAF)-University of Padova,
Department DEIAFA-University of
Turin

To develop a commonly agreed set of SFM standards to
guide forest management and create a basis for forest
certiﬁcation implementation in Northern Italy, with no
references to any speciﬁc forest certiﬁcation scheme.

National Working Group on
Sustainable Forest Management
(SFM) standards for Northern Italy
(Milano Forum)

PEFC-Italy (National Secretariat)

Italian government

To coordinate state and regions debate on various forest
policy issues: Law contents, emergency plans for pests and
diseases management, market strategies, forest management
and policy reforms guidelines.

State-Regions Conference-Forest
Division

1996–ongoing

Responsible for Launching and/or
Managing the Forum/Process

Description/Policy Field/Goals

Participative Forums or
Decision-Making Processes

Period

Table 2. Examples of forest-related participatory forums in Italy, at different levels.
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Local

Regional

Political
Level

Regulation on harvesting allocation
in the Monte Rosa Foreste
Association

2010 (2 months)

2009–2012

To decide how to allocate harvesting on public stands to
private logging companies on the basis of public rules.

Regulations for implementing the
new regional forest law in Piedmont
(approved in 2009)

2014–ongoing

To improve the integration and sustainability of forest and
land management, increasing the cohesion and awareness of
the network of all the social-economic components that
directly or indirectly belong to that territory.

To deﬁne speciﬁc rules and regulations for a recently
approved forest reform in Piedmont.

Sub-sectoral forum on poplar
plantations

2012–ongoing

Partnership for the process of
building the Model Forest
“Montagna Fiorentina”

Ministry of Agriculture, Food and
Forestry Policies through Consulta
Nazionale Pioppo, jointly with the
National Research Council in
Agriculture and Poplar Plantation
Owners Association

To develop strategies for improving the production of
timber from poplar plantations in Northern Italian regions.
In this sense, it is an interregional initiative.

Tuscany Region in coordination with
Mediterranean Model Forest Network
secretariat. Union of Municipalities
Valdisieve Valdarno (Florence) is
the manager

Monte Rosa Foreste Association

Regional Administration (Piedmont)

Regional Administrations (e.g.,
Veneto, Piedmont)

The RDPs at regional level were developed by adopting a
participatory approach, as formally required by the EU
rules.

Rural Development Plans (RDP)
2007–2013

2005–2006

Responsible for Launching and/or
Managing the Forum/Process

Description/Policy Field/Goals

Participative Forums or
Decision-Making Processes

Period

Table 2. Cont.
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2.3.3. Set of Criteria for Assessing the Level of Success of Participatory Processes
The success of a participatory process is a multi-dimensional concept strictly linked to the local
policy and governance context, and it depends on the motivation and perspective adopted in the
approach [28,46].
The set of success criteria adopted in the present study was selected by the authors from a previous
research conducted for the evaluation of the success of a participatory process in the framework of
forest planning. Among the criteria reported by De Meo et al. (2017) [46], and based on the information
collected with the interviews, two criteria suitable for the present study were selected: inclusiveness
and transparency. An additional criterion speciﬁcally introduced in this study is representativeness.
In the present case, particular attention was paid to both the normative and substantive rationale.
From the normative perspective, people’s empowerment deriving from participation is a measure of
success; from the substantive one, success derives from the inclusion of a multiplicity of concerns and
values [47,48].
Representativeness (criterion 1) depends on the stakeholders involved in the participatory process
and their capacity to be representative of their speciﬁc interests. The identiﬁcation, characterization and
analytical categorization of stakeholders in order to determine the extent of their future involvement
in the decision making process is typically realized with a stakeholder analysis [49,50]. In this study,
the level of representativeness in each case study was assessed through a stakeholder analysis based
on two steps: in the ﬁrst, the involvement of three macro-categories of social actors (citizens, organized
groups of interest, and scientists) was assessed; in the second step, for the different organized groups
of interest, their involvement was assessed.
Inclusiveness (criterion 2) is the degree of involvement in the decision-making process of the
different categories of stakeholders willing to participate. This characteristic of the participatory
process is strictly linked to the power of stakeholders to inﬂuence the ﬁnal decisions. In this study,
the inclusiveness of the participatory process was assessed using four participation methods with
an increasing level of inclusiveness: participation as information; participation as consultation;
participation as advocacy; participation as decision-making. For each case study the corresponding
level of participation was indicated using the information provided by respondents.
The transparency of the process (criterion 3) is the possibility for participants to understand what
is going on and how decisions are made [46–48,51] and it refers to stakeholder satisfaction, in the sense
as to whether the outcomes and process are accepted [47]. In our survey, a speciﬁc question assessed
transparency through respondents’ satisfaction with the results of the participatory-oriented forums
and processes. Respondents were asked to assess their satisfaction using a 5-point Likert scale format
(from 1 not at all satisﬁed to 5 extremely satisﬁed).
3. Results and Discussion
3.1. Key-Examples of Forest-Related Participatory Processes in Italy
The results of the survey show that only a few participatory forums are still ongoing in Italy,
active in the medium-long period and able to inﬂuence policy making. Four of them—two at national
level and two at sub-national level (Figure 2)—are those analyzed for the purposes of this study.
The two national forums—i.e., the PQSF and the Table on Forest Wood Chain—were both launched
by the Ministry of Agriculture, Food and Forestry Policies and deal with overall forest policy at the
national level. The main goal of the PQSF 2007–2009 was to provide a general, modern framework
to enhance forestry activities in the country and innovate the sector. This forum is typically an
institutional forum, with public institutions as the main targets.
The second forum is more speciﬁcally oriented towards enhancement of the forest-wood chain,
creating new networks among actors and is known as the Table on Forest-Wood Chain. This Table,
launched in 2012, is still ongoing and targets stakeholders in the forest-wood chain.
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In both national forums, the participatory process was not open and only invited representatives
of most relevant stakeholder categories were consulted and allowed to take part in discussions, but the
ﬁnal decisions were taken through a centralized process conducted by the ministry in collaboration
with the regional authorities, through the so-called State-Regions Conference. Invited stakeholders
were representatives of forest owners associations, farmers unions, scientists, chartered foresters,
ofﬁcials representative of the regional public forest services nominated by the State-Regions Conference,
environmental non-governmental organizations (NGOs), pulp and paper companies, forest workers
unions and cooperatives. Stakeholders were invited to some meetings and took part in consultation
sessions where a discussion took place about a document that had been prepared by a steering
committee composed of a restricted number of actors (representatives of the ministry, regions and
professional organizations). Participation of scientists in these forums was not particularly relevant
for problems such as lack of time and limited interest and no advanced tools were used to increase
participation, such as scenarios building or online survey.
A speciﬁc aspect of the forum for the PQSF is that a draft version of the program was shared
and discussed by a wide audience of interested stakeholders during a forum with open access to
documents; this aspect of the PQSF development is crucial, as it represents a model of governance in
which a participatory decision making approach is developed.
For the development of the third forum analyzed in our study, regional regulation of the forest
sector in Piedmont Region, an ad hoc committee was created approximately 10 years ago as a
permanent consultation body with relevant stakeholders, a large variety of stakeholder categories are
involved in this committee, including academics/scientists, harvesting companies associations, public
ofﬁcials, environmentalists, etc. The committee typically meets 2–4 times per year, for stakeholders’
consultation on speciﬁc issues (e.g., the regional forest plan and its environmental impacts assessment
procedures). The committee is quite effective and, in the last 10 years, all decisions taken at regional
level in the forest sector have been consistent with the recommendations emerging from such
consultations, without signiﬁcant conﬂicts between the public authority in charge of the decisions and
the stakeholders participating in the forum. On the basis of the committee’s work, the implementation
rules of several important pieces of legislation have been approved, the most relevant example being
approval of the regional forest regulation.
The fourth forum is the partnership for the process of building the Model Forest “Montagna
Fiorentina”, in Tuscany Region. This Model Forest is a non-proﬁt association that aims to improve the
integration and sustainability of forest and land management, increasing the cohesion and awareness
of the network of all the social-economic components of the Tuscany Region territory. The partnership
for the process of building the Model Forest “Montagna Fiorentina” included among its partners local
authorities, associations, companies and citizens, under the responsibility of the Tuscany Region in
coordination with the Mediterranean Model Forest Network secretariat (Junta Castilla y Leon and
the Canadian Government). The foundation process of the Model Forest began in 2009 when the
Tuscany Region joined the Mediterranean Model Forest Network. The participatory process was
ofﬁcially launched in December 2010, and continued with public meetings open to various groups
focusing on the different forestry aspects. The participation process was considered very satisfactory,
primarily by reason of the relationships established among local citizens, decision makers and scientists
through interaction.
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Figure 2. Location of participatory forums at sub-national level.

3.2. Factors Inﬂuencing the Effectiveness of Forest-Related Participatory Processes in Italy
This part of the analysis refers to our ﬁrst guiding question, i.e., which factors hinder or support
effective participatory forest-related processes in the country.
3.2.1. High Fragmentation of Forums
A ﬁrst factor evidenced in our study is the high fragmentation of participatory forums. Forums
often overlap one another, different authorities start different processes thus replicating efforts,
and forums neither interact nor create synergies. As a consequence, many processes stopped after
2–3 years, with no signiﬁcant results. In several cases, during the processes, stakeholders lost their
motivation: without any resources available, their interest decreased and they had the perception of
not having inﬂuenced any decision. These dynamics seem aligned with the release phase of panarchy
that leads in the end to a failing reorganization scenario, where the participatory process is abandoned
and decision-making does not change. Respondents also reported that highly fragmented interests
and knowledge (e.g., different ﬁelds of expertise of invited scientists) led in several cases to long
discussions, without being able to agree on a common point of view. In some cases, each participant
was trying to defend his/her interests, and was not aware of the others. This is consistent with the
conservation phase of the panarchy model, where competition appears and the system becomes more
rigid. These dynamics, observed in a number of meetings, contributed to the extreme fragmentation
of the forums, in terms of both actors and interests, which were unable to aggregate around a few
common components. Being fragmented forums, neither coordinated nor structured around key
points of common interest, they probably do not represent components of the same system, they are
disconnected and not able to positively inﬂuence one another. In other words, the stakeholders
did not adopt collaborative approaches in their dialogues or corrective actions to prevent failures
(e.g., by pre-deﬁning an agreed timetable for decisions to be taken after discussion sessions).
However, concerning national forums, the State-Regions Conference is reported to have positive
results in increasing the capacity of the regional forest administrations to aggregate around common
goals and advocate with respect to the European Commission and its rules and programmes.
Even if not effective in guaranteeing stakeholders and scientists’ participation in forest policy
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making in terms of inclusiveness—they were consulted (see Table 3), but did not take part in any
decision–the conference has an important role in increasing interactiveness of the process, stimulating
a constructive long-lasting face-to-face interaction [52,53] and enforcing the horizontal coordination
among organizations while respecting the autonomy of each region. In this sense, the cross-scale
linkages and inﬂuences of one scale on the others described by Allen et al. 2014 [8] appear quite evident.
Table 3. Qualitative-based evaluation of stakeholders’ participation in forest-related policy processes
in selected cases studied in Italy.
National Level

Criteria

Local Level

Forum 1

Forum 2

Forum 3

Stakeholders
State authorities (i.e., Ministries)
Regional authorities
Local authorities
Scientists/experts
Tourist associations
Forest owner associations
Private timber enterprises
Farmers associations
Hunting associations
Citizens

X
X
X
X
X
X
X
X
X

X
X
X
X

X
X
X
X

X
X
X

X
X
X

2. Inclusiveness

Levels
Information
Consultation
Advocacy
Decision-making

X

X

3. Transparency

Levels
Very high
High
No opinion
Low
Very low

1. Representativeness

-

Forum 4

X
X
X
X
X
X
X
X

X
X

X
X

X

3.2.2. Lack of Clear Rules
Different respondents, depending on their direct experience on public forums, reported that
another obstacle during the forums’ development is the lack of clear rules of the functioning of
the process. In some, it was not clear who would have to make the ﬁnal decision, how to solve
internal conﬂicts in the group, how to use a voting system, etc. This is a clear lack of transparency if
transparency means that throughout the entire process “established channels for continuous dialogue
and information sharing” exist and “timely response to information requests” [54] is provided. Without
these kinds of rules, predominant participants were those most active, more able to talk and discuss
what is introduced in the system. However, vagueness and ambiguity of rules may also follow an
inverse phenomenon, i.e., they restrict oligarchy [55]. One reason for vagueness of rules functioning
in favor of predominant actors in our case studies can be that predominant actors are often the
public administrations, which organize participatory forums by de facto maintaining control on
decision-making and thus unconsciously guiding the process itself. However, this issue remains
unclear and should be further explored in future research. The level of transparency assessed through
respondents’ interviews, as expected, varies a lot with the forum. However, as shown in Table 3,
higher transparency levels were reported for local-level processes (forums 3 and 4) and lower for
those at national level (forums 1 and 2). Transparency often being mentioned as key element for the
effectiveness of participatory processes [56], it might be argued that the forums act faster and better at
local level—leading to faster dynamics of changes—because the “rules of the game” are more clearly
stated at this more local level, rather than at a higher level. Indeed, this is consistent with the empirical
ﬁndings of Maier et al. (2014) [31] who stated that “more effective (and less polarized) participation
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processes will likely take place at the local level, as opposed to the state policy level”, and Hogl et al.
(2012, p. 301) [34] who found implementation at national level, compared to sub-national levels, more
difﬁcult due to “hierarchical steering, sectoral isolationism and expert-centered decision-making”.
3.2.3. Lack of Representativeness of Interests
Another commonly mentioned factor is the lack of representativeness of interests. Again, greater
concerns are related to national-level processes, while those at local level seem to be able to have a
higher capacity of involving stakeholders representative of different interests. Lack of representation
of interests was evidenced especially for forest owners, and this is probably due to the fact that there
is no nationally recognized association of forest owners. This is a very well known problem in Italy,
and reported as a key issue by most of the interviewees. Being aware of this problem, a challenge
during the participatory processes is to give all groups of stakeholders the chance to be heard and to
represent different interests appropriately [5].
Concerning processes accessibility (see Table 3), interviewees reported that in both national forums
the participatory process is based on draft documents circulated among participants, while changes
are discussed during the meetings. Most of the outputs are non-binding documents and guidelines
that might be used to address forest-management practices. Accessibility of the participatory forums,
in terms of provision of adequate tools and resources [57], is not satisfactory because no advanced
approaches or tools suitable to facilitate and support the participatory process have been used to
increase the level of participation.
3.3. Lessons Learned (or Not) for Orchestrating Forest Policy in Italy
When analyzing the content of the interviews in depth, interesting aspects emerged concerning
participatory forums and process development. One is related to the level of stakeholder satisfaction.
A generally good level of satisfaction about participatory forums was highlighted by policy makers,
while both scientists and other stakeholders were less positive in their evaluations even if they were
aware that efforts made up to now have to be appreciated. For example, interviewees’ perceptions
include statements such as “Signiﬁcant advancements have been made”, “Public administrations
made unexpected efforts”, “There are some positive signals that they will ﬁnally listen to us”, and “We
cannot do better with the present conditions”. However, there is a common perception that, even if
we are on the right track and there are some good signs for the future, policy makers are still lacking
experience in organizing effective participation forums. The different perception of the quality of
participatory forums, higher for policy makers (public administrations) than for the other stakeholders
involved can be interpreted in two ways. It can be a mirror of the remember principle of panarchy,
being resistant to changes [35]; or a sign of limited awareness of the importance of having professional
arrangements to be able to adopt more effective processes. In both cases, the result is that participatory
forums are mainly naïvely organized in Italy.
Reasons for difﬁculties are assumed to include elements such as low inter-sectoral knowledge
exchange (isolated sectors, not taking advantage of others’ experience), and lack of empirical evidence
of more effective results of participatory-based decisions with respect to hierarchical-based. It is hard to
overcome the fragmented, obsolete and rigid legal-institutional context that is typical of the hierarchy:
Some pre-existing conditions, especially at national level, are not easily changed. In panarchy, adaptive
cycles can be dominated by higher or lower levels, not necessarily by higher levels as in a hierarchy:
In other words, conditions can arise that trigger bottom-up change in the system [25]. However,
positive experiences of these dynamics in some speciﬁc ﬁelds of interest (e.g., forest certiﬁcation
forums) are not easily replicable, and for other types of forest activities (e.g., protection of public
goods or provision of ecosystem services) there is not a clear economic value combined with ecological
and social interests. Underlying causes are the following: (i) it takes a long time to change the core
policy beliefs of Public Authorities, which often do not recognize the value of participation needs
and follow the Remember principle of panarchy, i.e., they maintain a conservative approach; (ii) no
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investments have been made in improving management of participatory processes—such as contracts
for professionally qualiﬁed facilitators, training for the staff of organizations in charge of arranging
and managing participation—thus no innovation to support the revolt principle of panarchy has been
introduced; (iii) hidden lobbies (including those of different groups in the academic world) have
greater inﬂuence than formally involved representatives, and this is one reason why stakeholders
become demotivated.
Another lesson is that “the public” is not involved at all. Only organized stakeholders (even if not
well represented or with problems of representativeness) are typically invited to forest-related forums.
There is increasing potential for citizens to be involved, especially thanks to the various technological
instruments that would allow even non-experts to participate in forestry issues. However, despite
an increasing number of initiatives oriented towards the active involvement and cooperation of
citizens with scientists in collecting, delivering, validating and sharing information to support decision
making (for example, used in monitoring biodiversity), citizens’ science initiatives are still marginally
implemented in Italy. This situation does not create appropriate conditions for innovation derived
from lower levels (bottom-up) to inﬂuence higher levels of decision making, thus further reducing the
possibility for the revolt principle of panarchy to happen and induce changes.
Moreover, participatory processes are showing more clearly the problems connected with the
lack of coordination at national level, lack of representativeness of key stakeholders and lack of
general guiding strategies for the forest sector, with still confused and overlapping tasks among
institutions at various levels, duplication of negotiation and discussion efforts, unclear and unique
positions and visions, etc. (Figure 3). In the country forest policy is treated as a marginal part of the
agricultural sector or more in general rural development, and as a marginal part of the environmental
sector. This is demonstrated by the fact that the Ministry of Environment also has responsibility for
biodiversity-related issues in forests and protected areas. All forest-related tasks are delegated to
regions, the regional forest policies of which are not coordinated with each other. Thus, even in the
case that forest actors would be able to aggregate themselves around common interests and lobbies at
national level, they would not have a clear institution to refer to, when advocating for policy reforms.
They simply do not know exactly which ofﬁcials and ofﬁces they should contact to ask for changes,
as tasks and responsibilities for forests remain highly fragmented.

Figure 3. Relations between scientists, policy makers and stakeholders in Italian forest policy.

A ﬁnal lesson emerged from some interviewees belonging to the group of scientists, is that the
main conﬂicts among stakeholders are perceived not to be those, as normally expected, between
forest owners and environmental organizations [58]. Rather, the main conﬂicts are those between
the central state authority and the regional ones. But not all interviewees agreed on this. Indeed,
some of them—belonging to the group of policy makers—reported that there is a high level of
collaboration and coordination among the different administrative levels, thanks to the continuous
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and constructive activity of the State-Regions Conference. One interviewee even declared that in
his opinion the participation process of the national Table on Forest-Wood Chain was a process of
co-decision. The reason for these different perceptions, as well as other aspects (e.g., the reason why
predominant participants take advantage of vagueness of rules instead of restricting oligarchy [55]),
remain unclear and need further investigations. Moreover, our considerations about the state-of-the-art
of forest-related participatory processes in Italy might become more robust if other participatory forums
are analyzed and other stakeholders interviewed (thus increasing the empirical evidence based on
case studies).
4. Conclusions
In conclusion, we can afﬁrm that most of the experiences of public participation in forestry in
Italy so far can be categorized as naïve experiences, not managed in a professional way, with a lack of
knowledge and skills on how to arrange effective participation and so unable to keep stakeholders
motivated and satisﬁed. There is still a clearly predominant role of the public administration
(representatives of the policy makers), while scientists and stakeholders have a marginal role. This is
reﬂected by the different levels of satisfaction with participation in forest-related forums: higher for
public administrations, lower for scientists and other stakeholders. Hierarchy is still predominant,
rather than panarchy—intended as a nested set of adaptive cycles that can be driven by bottom-up
approaches to policy making. This reduces the options for an orchestration to be adopted among
forest-related sectors and actors for introducing changes and policy reforms in forestry in the country.
Because of the long-lasting but mostly ineffective implementation of forest participation in Italy,
most of the analyzed participatory processes are in the intermediate phases of panarchy dynamics,
i.e., in the conservation or release phases, with no corrective actions undertaken to change the situation.
Moreover, they are signiﬁcantly affected by the Remember principle, which tends to maintain the status
quo with the attitude of forest public administrations to adopt a conservative approach. However,
regional and local forest-related participatory forums seem to act faster and better than national
ones, thus providing options for improvement to be transferred from lower to higher levels. What is
probably still missing in the country are appropriate and wide mechanisms of connectivity between
lower (regional) and higher (national) levels. In some way, participatory processes in forest-related
issues in Italy are showing more clearly the problems connected with a lack of coordination at national
level, a lack of representativeness and guiding strategies for the forest sector, with still confused
and overlapping tasks among institutions at various levels, duplication of negotiation and discussion
efforts, no clear and unique position and vision, etc. Having been unable to learn from past failures and
introduce signiﬁcant changes in decision-making processes, above all at national level, orchestrating
forest policy in Italy remains a “mission impossible”. It is likely that, before discussing orchestrating
scientists, policy makers and stakeholders, a new common vision of what forests are should be built.
From this common vision could start a new dialogue among institutions, actors and public opinion,
moving towards a reorganization phase and, ﬁnally, predominance of the Revolt principle of panarchy.
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Abstract: The Natura 2000 network, which is one of the largest networks of protected areas in
the world, is the core pillar in the European Union’s biodiversity conservation policy. To achieve
the national enforcement of Natura 2000 and to overcome implementation problems, effective
policy measures are needed, and participation among different stakeholders is required. The aim
of this paper was to evaluate the process of formulation of the Natura 2000 Management
Program (2015–2020) in Slovenia based on a set of criteria and indicators for the evaluation of a
participatory process, and to present the differences between the stakeholders’ evaluations according
to their role in the implementation process. For that purpose, stakeholders were divided into two
groups—stakeholders from project partner’s institution, and others. The research was done in two
steps: First, in-depth semi-structured interviews with 17 representatives of the key stakeholders’
institutions or organizations that were involved in the formulation of the Natura 2000 Management
Program were carried out; in the second, a survey with 266 stakeholders involved in the formulation
and decision-making process was conducted. Overall, the results show that the participatory process
was well organized, independent and fair; however, not all of the requisite conditions for successful
participation were fulﬁlled, as was shown with the sub-criteria of transparency. The only difference
between the groups exists in the evaluations of the sub-criteria transparency of the process. The group
of stakeholders from the project’s partner institutions were more satisﬁed with the transparency
of the process, as the average value was 3.36, compared to the others where the average value of
satisfaction was 2.80. This indicates the need for an improved, novel, and innovative approach that
leads to multi-level governance.
Keywords: participation; Natura 2000; management program; stakeholders; Slovenia

1. Introduction
The Natura 2000 network, which encompasses the Birds and Habitats Directive of the
European Union (hereafter EU) (Directive 79/409/European Economic Community, amended as
2009/147/European Commission and Directive 92/43/European Economic Community, respectively),
is the core pillar in the EU’s biodiversity conservation policy [1,2], and is one of the largest networks
of protected areas in the world [3,4]. These directives are legally binding; thus, individual member
states had to transpose them into their national legislation [1]. Moreover, the EU member states were
relatively free to choose the most suitable means to achieve the main goals of the directives, and to
design the implementation process and the management of the protected sites in line with the overall
objectives of national policies. Thus, countries have adopted different, often top-down and science
driven approaches, with widely varying degrees of participatory processes [5].
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The implementation of the objectives of the Birds and Habitats Directives in the national legislation
leads to changes in national legislation. These changes are based on the changing relationship in
decision making at the national level, with the inclusion of new stakeholders in the national system
of nature protection (which also causes changes in the traditional roles of the stakeholders) [6,7].
Non-governmental organizations (hereafter NGOs) in the ﬁeld of nature protection and private forest
owners have been given the opportunity for equal participation as governmental stakeholders in
decision making in the process of implementation of Natura 2000 [3,7–10].
Several authors have recently studied the implementation processes and issues that have arisen
in the national transposition and establishment of Natura 2000. According to [11], the implementation
of Natura 2000 in various EU member states is linked to multiple processes at different policy levels,
and depends on case-speciﬁc interplay. Consequently, a large diversity of implementation approaches
has been adopted, and can be seen as advantageous as it enables learning for improved future
functioning [12]. To improve the practical implementation in most countries, the authors suggest the
need for more communication and participation with stakeholders [13], the importance of inter-sectoral
cooperation [8,14], the need for co-responsibility of all relevant stakeholders who are involved in the
process [15], and an awareness of the socio-economic and cultural contexts in which conservation
planning takes place [16]. Moreover, research also deals with challenges for the implementation of
Natura 2000 in forests. According to [17], the main challenges are related to balancing biodiversity
conservation and timber production, integrating nature conservation and local stakeholders’ demands,
the development of an effective and accepted funding scheme for the implementation of Natura 2000
in forests, and how to integrate nature conservation policies with forest and other land use sector
policies. However, the implementation process also has obstacles connected to poor participation and
negative perceptions of stakeholders, inﬂexible regulations, and limited concern to local context [8,18].
In addition, the implementation process of Natura 2000 very often became a complex and lengthy
undertaking, causing a variety of policy and management conﬂicts [19–21]. These conﬂicts were related
to contradictory stakeholder’s interests, values, and perceptions, as well as to different and competing
land use principles [22]. To prevent further conﬂicts and to strengthen the implementation process,
the involvement of and cooperation with various stakeholders, as well as stakeholder participation
and coordination between institutions and organizations, have been stressed as important tools to
increase the acceptance of Natura 2000 [23,24].
In Slovenia, the designation of Natura 2000 sites was a requirement for accession to the EU, so the
majority of sites were designated by 2004. Therefore, in 2002, the Government launched the project
Natura 2000 to elaborate a communication strategy and to present the Natura 2000 contents to relevant
stakeholders. Therefore, Slovenia has chosen to develop an overall national document “Operational
program—Natura 2000 Management Program”, hereafter PUN. The Government of the Republic
of Slovenia adopted in 2007, the Operational programme—Natura 2000 Management Programme
for the 2007–2013 (hereafter PUN 2007–2013) and the second Natura 2000 Management Programme
for the 2015–2020 (hereafter PUN 2015–2020), which outlines management requirements for sites,
and which need to be incorporated in other planning documents that already regulate the use of natural
resources, such as forest management plans [25]. Since the request of the EU, the Natura 2000 network
in Slovenia covers 37.9% of the national territory [26], of which almost 70% are forests, followed by
23% of agricultural land and slightly less than 13% of different types of permanent grassland [27].
The Ministry of Environment and Spatial Planning (hereafter MESP) and Ministry of Agriculture,
Forestry and Food (hereafter MAFF) are responsible for ensuring that management measures are
incorporated in the management plans, and are implemented in the ﬁeld. The overall approach
in Slovenia for management plans related to forestry, hunting, and ﬁshing is that the responsible
institutions draft a plan and provide an opportunity for consultation among the stakeholders.
Slovenia is among the most forested countries in Europe; 1,184,369 ha of forests cover more than
a half of the country’s territory (forestation amounts to 58.4%). Notably, 76% of forests in Slovenia
are private property, while 24% are public (owned by the state or communities). Larger and rarely
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fragmented estates of state-owned forests enable good professional management. Private forest estates
are small, with an average area of only 3 ha, and even these are further fragmented into several separate
plots. For the great majority of these estates, forests are not of economic interest. There are already
313,000 (461,000 when including co-owners) forest owners in Slovenia. The major fragmentation
of forest property and the number of forest owners and co-owners present a serious obstacle to
professional work in private forests, to optimal timber production, and to the utilization of forest
potential. In Slovenia 58.4% of forest owners have a forest property smaller than 1 ha, while 41% of
forest owners have a forest property between 1 and 30 ha. Less than 1% of forest owners have a forest
property bigger than 30 ha [28–30].
Stakeholders can participate in the formulation and implementation of the Natura 2000 in
different ways, e.g., from written consultation through steering committees and advisory boards,
to discussion forums and workshops [31,32], but there are no speciﬁc recommendations about
participation. Consequently, the degree of participation varies among countries according to national
characteristics and peculiarities [33]. Moreover, the countries also differ greatly with regard to the levels
of stakeholder involvement, including at what stage stakeholders were informed or involved (before
or after site designation), the level of involvement (only information or negotiation), as well as which
interest groups were consulted the most (nature conservation and/or landowners and users) [17].
However, the overall impression is that in the beginning of the domestic implementation process,
public authorities in most EU countries did not involve landowners, whereas conservation experts
were involved to provide their substantive technical knowledge and information about habitats and
species which administrations were partially lacking. This can be largely explained by the fact that the
designation of Natura 2000 sites had to be based solely on scientiﬁc criteria rooted in conservation
biology, as stipulated in the EU’s Habitats and Birds Directives. Site designation was mostly done
without any consultation with, or informing of, landowners. With the progression from site designation
to the current phase of management planning and practical measures, there is growing evidence of
more dialogue and cooperation between nature conservation authorities and environmental groups on
the one side, and agricultural and forestry authorities and land users’ groups on the other [17].
For example, in the process of implementation of the Natura 2000 network in Slovakia, public
stakeholders were involved through co-decision, while the other categories of stakeholders were
involved at different levels (collaboration or information), demonstrating a willingness to follow a
participative approach [34].
Based on the evaluation criteria for an effective participatory process [35], the objectives of the
paper are to present how stakeholders’ involvement and participation have evolved in the process
of formulation of the Natura 2000 Management Program (2015–2020) in Slovenia, and to present
the differences between stakeholders’ evaluations of the participatory process according to their role
(stakeholders from project partner’s institution and other stakeholders) in the implementation process.
The usefulness of this research is to improve the participatory process in future PUN and other nature
conservation and forest-related programs.
2. Conceptual Framework of the Study
2.1. Natura 2000 Network and Participatory Process in Slovenia
In Slovenia, it is possible to identify three main separate stages in the implementation of the
Natura 2000 network and the participation of stakeholders:
1. The ﬁrst one corresponding to the designation of Natura 2000 network starting at the end
of 2002 and ending in May 2004, with the entry of Slovenia into the EU. In 2002, the Government
launched the project Natura 2000 and established two working groups: The ﬁrst for communication
and the second as an expert-technical group. Expert-technical working group was responsible for
the expert preparation of the designation process, autonomous in its co-operation with external
expert partners and was responsible for commissioning expert evaluation from NGOs and other
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sources of expert knowledge. In this phase, the efforts of the communication working group (Three
institutions were partners in communication group, namely the Institute of the Republic of Slovenia
for Nature Conservation (hereafter IRSNC), Slovenian Forest Service (hereafter SFS) and the Chamber
of Agriculture and Forestry of Slovenia (hereafter CAFS).) were focused on the elaboration of a
communication strategy with different key stakeholders (local authorities, land owners, the broad
public etc.), but because of a lack of time, this communication was more focused on informing them
about the possibilities, expected problems, and restrictions than on actually including them in the
process. Consequently, broader interests were not expressed, and contra interests were not clearly
articulated in the stage of preparing a list of potential protected areas. Hence, conﬂicts have been
very limited in this phase [25,36–39]. Therefore, the process of implementation of the Natura 2000
(designating the sites) was highly centralized and top-down orientated [36].
2. The second one, starting in 2005 and ending in 2007, coincided with the elaboration of
the Operational programme—Natura 2000 Management Programme for the 2007–2013. The PUN
2007–2013 designated protection objectives and measures at Natura 2000 sites, as well as deﬁning
the competent sectors and responsible implementers of these protection measures [40]. A further
goal in this respect was to enable horizontal links with strategic plans and development programs.
These activities took place within the LIFE pilot project “Natura 2000 in Slovenia—Management Models
and Information System” at ﬁve different Natura 2000 sites, by laying the theoretical foundations
for the elaboration of PUN. The coordinator of the project was the IRSNC. Numerous workshops in
cooperation with representatives from the hunting, forestry, agriculture, ﬁsheries, water management
sectors, and local community representatives were held to provide systemic solutions for efﬁcient
and sustainable management of Natura 2000 sites in Slovenia. The ﬁrst draft of PUN 2007–2013 was
presented to research and education institutions, nature conservation institutions, and managers of
protected areas for modiﬁcation of objectives and measures. The ﬁnal draft of PUN 2007–2013 was then
presented during two workshops to local authorities, NGOs, and public services, before the ofﬁcial
adoption by the Government in the end of 2007 [40].
It can be concluded that the process of elaborating the PUN 2007–2013 was highly centralized
and top-down oriented, with the beginnings of inclusiveness of stakeholders from public services who
are responsible for the implementation of Natura 2000 measures.
3. The third one starting at 2012 and ending at 2015 (Figure 1) corresponded to the elaboration
of the PUN 2015–2020, where the main focus was on preparation of detailed conservation objectives
for Natura 2000 sites, measures for achieving conservation objectives, and the institutions responsible
for their implementation. The activities necessary for the adoption of this operational program were
supported by the LIFE + project, whose coordinator was the MESP and whose associated partners
were the IRSNC, the SFS, Fisheries Research Institute of the Republic of Slovenia (hereafter FRIS),
Institute for Water of the Republic of Slovenia (hereafter IWRS), and the CAFS as a representative
of agriculture and forest land owners. As the initial top-down implementation in former phases
provoked severe resistance from different stakeholders, mostly land and forest owners, changes
towards a participatory governance mode occurred in this phase, which enabled participatory elements.
Therefore, the communication plan included stakeholder analysis, different ways of involving
stakeholders from different sectors in each phase with the aim of giving information, as well as
consultation and participatory decision-making regarding the management of Natura 2000 sites in the
future. The stakeholders could have inﬂuenced the content of the management program of Natura 2000.
However the aim of PUN was not to change the boundaries of Natura 2000 in Slovenia, and in addition,
stakeholders did not have inﬂuence over the deﬁned boundaries of Natura 2000. The institutions
responsible for the content of PUN 2015–2020 were IRSNC and MESP. They made decisions regarding
which comments were to be accepted, and which ones rejected. The individual detailed protection
objectives and measures were the main part of stakeholders’ comments, for which the criteria for the
acceptance of comments or arguments were based on scientiﬁc and expert knowledge.
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Figure 1. The formulation process of the PUN 2015–2020 in Slovenia.

The ﬁrst draft of PUN 2015–2020 was prepared by IRSNC in cooperation with project partners,
researchers, and experts on plant and animal species, during 77 workshops. The draft was discussed
in 6 targeted roundtables (public meetings) in different parts of Slovenia. The amended draft of
PUN 2015–2020 was a subject of intergovernmental consultation, which consisted of consultation
meetings with all ministries and their public bodies, as well as the Chamber of Commerce. The PUN
2015–2020 was adopted in April 2015. After the adoption, eight workshops were organized for
beneﬁciaries—including workshops with presentations of beneﬁciaries working on the elaboration
of management programme for a wider audience of other colleagues (public servants) from public
services, and also the private sector, especially to those responsible for future implementation of
measures from the programme—and managers of nature parks to spread awareness about PUN.
In the elaboration of the new management program, despite the aforementioned adopted approach,
there was still a top-down approach; there was a switch from more communication with stakeholders
to consultation with key stakeholders [37].
When Natura 2000 was implemented, the Government of the Republic of Slovenia asserted
that no additional costs for its implementation, maintenance, and management would be needed.
The funding needed for Natura 2000 was predicted to come only from EU. Consequently, no ﬁnancial
compensation for restrictions to landowner’s activities under Natura 2000 were predicted in PUN.
However, a budgetary fund, the so called Forest Fund, was established (Article 33) based on the
changes in the organizational structure of the state forest management and the adoption of the new
Act in 2016, the “Management of State Forest Act”. The Forest Fund is ﬁnanced by the income of the
147

Forests 2018, 9, 599

state forest management. The assets of forest funds are intended to also cover measures in the area
of Natura 2000 in private forests in accordance with the PUN 2015–2020 and program investments
in forests, established on the basis of the National Forest Program prepared by SFS in accordance
with the Forest Act (Management of State Forests Act, Ofﬁcial gazette of Republic of Slovenia number
9/2016) [41].
2.2. Theoretical Context
Claims for participation are often made in terms of democracy. The basic principles that
characterize democracy, and which are recognized in most democratic constitutions, are “popular
control” and “political equality”. This view, often referred to as the liberal constitutionalism of
political participation [42], is based on the idea that a liberal constitution should facilitate pluralistic
politics, i.e., politics that acknowledge various interests in society [33]. Participatory approach in this
context would imply equal participation of different interest groups, and is often called “stakeholders’
participation”. From a democratic point of view, the essential question with regard to this kind of
stakeholders’ participation approach is whether it manages to include all the different interests in a
fair and legitimate way; according to [43] “public participation” encompasses a group of procedures
designed to consult, involve and inform the public to allow those affected by a decision to have an
input into that decision.
The extent to which participatory processes fulﬁll the expectations is nevertheless highly
dependent on how stakeholders are involved in the process. Instructions for a successful participatory
process do not exist, because the form and structure of the process can vary widely, depending on e.g.,
the policy in consideration, the institutional context, and the operational environment. Researchers
have, however, suggested some general criteria for an effective participatory process, based either on
theoretical analysis (see e.g., [35,44,45]) or empirical studies in a particular context (see e.g., [46–48]).
In our study, the set of criteria outlined by [35] was selected as the basis for the evaluation of
the participatory process (Table 1). The authors divided the evaluation criteria into acceptance criteria
(including representativeness, independence, inﬂuence and transparency), which are related to the
effective construction and implementation of a procedure, and process criteria (including resource
accessibility, cost-effectiveness and task deﬁnition), which are related to the potential acceptance of
a procedure.
The authors agree that an effective participation process should be inclusive and representative,
meaning that participation should comprise, from the very beginning, a broadly relevant and
representative sample of the population of the affected public, and that no stakeholders who are
willing to participate be deliberately excluded from the process [45,47].
Another key characteristic for genuine participation is that the participation process should be
conducted in an independent, unbiased way, which means that management and facilitation of the
participation process should be completely independent from all affected interests, and should be fair.
On a general level, fairness stipulates that all stakeholders are equally able to express opinions, defend
them, and request evidence and justiﬁcation from other stakeholders. One of the main complaints
about the participation processes is that they have often been perceived as ineffectual, simply being
used to legitimize decisions or give an appearance of consultation without there being any intent
of acting on recommendations [35]. One approach that might lead to fulﬁlling these criteria is to
ensure that stakeholders have an inﬂuence on the ﬁnal decision, so that the output of the process
has a genuine impact on policy. The key element deﬁning stakeholder participation is the will of the
stakeholders to inﬂuence the policy. The point of a participatory process is also to obtain the opinions
and perceptions of stakeholders. Sometimes, according to [45], capacity building can be a more
enduring and widespread outcome of the participatory process than an actual agreement. The inﬂuence
of stakeholders depends on their degree of involvement. According to [49], it is possible to divide the
degree of involvement into ﬁve degrees of participation, with different possibilities for stakeholders to
inﬂuence the outcome: (a) Information: Explanation of the project to the stakeholders; (b) Consultation:
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Presentation of the project to stakeholders, collection of their suggestions, and then decision making
with or without taking stakeholders’ input into account; (c) Collaboration: Presentation of the project
to stakeholders, collection of their suggestions, and then decision making, taking stakeholders’ input
into account; (d) Co-decision: Cooperation with stakeholders towards an agreement for solution and
implementation; (e) Empowerment: Delegation of decision-making over project development and
implementation to the stakeholders. Finding a jointly acceptable strategy and course of action is
important, if the goal is to commit stakeholders to the implementation of the policy/program.
Table 1. Evaluation Criteria and Indicators for an Effective Participatory Process.
Criteria

Sub-Criteria

Related Indicators
Early involvement
Relevance of the involved stakeholders

Representativeness

A broad range of stakeholders involved
No stakeholder who is willing to participate is
deliberately excluded

Acceptance criteria

Exclusion of stakeholders from the process
Management and facilitation of the process
Independence

Equality of stakeholders in the process
Stakeholders views and opinions are heard
Stakeholders responses and proposals are respected

Inﬂuence

Stakeholders have the power to inﬂuence the process
and its outcomes

Transparency

Transparency of the process

Capacity building
Information resources
Accessibility

Material resources

Process criteria

Time resources
Cost-effectiveness

Financial resources

Task deﬁnition

Nature and scope of a participation process

A central element of effective collaboration is also transparency. The process should be transparent
so that the stakeholders can see what is going on and how decisions are being made. Stakeholders
should be informed, e.g., about what the purpose of their participation and involvement is, what
they can inﬂuence, and who can participate and how. A genuine attempt to share information
means that organizers actively ensure that all stakeholders are aware of, and understand, the relevant
information [47].
It is clear that an effective decision-making process requires access to appropriate and relevant
information, which means that land owners should have free access to this information to enable them
to successfully fulﬁll their brieﬁng. Accessibility includes: (a) information resources and access to
them (summaries of the pertinent facts); (b) material resources (e.g., overhead projectors, whiteboards),
and (c) time resources (stakeholders should have sufﬁcient time to make a decision). Possible difﬁculties
in a participatory process also revolve around the issues of ﬁnance. The participatory process should
be cost-effective, which means that appropriate ﬁnances are available, and that the key concern for
those organizing a participatory process is a value for money. Prior to conducting a participatory
process, it is clearly sensible to take into account the potential costs of the methods, in both time and
money, and to consider the extent to which they fulﬁll the objectives [34]. Each participatory process
should clearly deﬁne the nature and scope of the participation tasks. It is important to ensure that there
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is as little confusion and dispute as possible regarding the scope of a participation process, its expected
output, and the mechanisms of the procedure. All of these aspects should be clearly deﬁned at the
outset [35].
According to this conceptual framework, the 266 surveys and 17 interviews were analyzed with
focus on the participatory process for the PUN (2015–2020).
3. Materials and Methods
The methodological approach in this analysis can be characterized as a theory-driven study
of the latest PUN process in Slovenia. For insight into the formulation of process PUN 2015–2020,
we reviewed and analyzed the project reports of the Operational Program for Managing Natura 2000
sites in Slovenia. The analysis provided us with information about the activities that have taken place,
their order, and their duration. Furthermore, through the review of the reports, we obtained a list of
the stakeholders, who participated in the process of formulating the PUN 2015–2020.
In order to analyze how stakeholders’ involvement and participation have evolved in the process
of formulation of PUN 2015–2020 in Slovenia, the methodological approach in the present study
is based on a triangulation of methods—qualitative and quantitative. Therefore, in the ﬁrst phase,
in-depth semi-structured interviews with representatives of the key stakeholders’ institutions or
organizations that were responsible for, or involved in the formulation of, the PUN were carried out.
In the second phase, a survey of all stakeholders involved in the formulation and decision-making of
PUN 2015–2020 was conducted.
3.1. Interviews with Stakeholders
Detailed interviews were administrated to 17 stakeholders representing 11 institutions or
organizations, which accounted for 11.7% of the total institutions that were involved in the formulation
of the PUN (Table 2). When identifying and selecting stakeholders, a purposive sampling was used,
where information-rich stakeholders are chosen, because they have particular features or characteristics
which will enable detailed exploration and understanding of the central theme and puzzles which
the research wish to study [50]. This approach aims to ensure that all key stakeholders are taken into
account, and that some diversity is included.
Table 2. Stakeholders Involved in the Interview.
Name of Institution/Organization/Association

N◦ Respondents

Ministry of Environment and Spatial Planning
Institute of the Republic of Slovenia for Nature Conservation
Slovenia Forest Service
Institute for Water of the Republic of Slovenia
Triglav National Park
Farmland and Forest Fund of the Republic of Slovenia
University of Ljubljana—Biotechnical Faculty
Agricultural Institute of Slovenia
Centre for Cartography of Fauna and Flora
Chamber of Agriculture and Forestry of Slovenia
Fisheries Research Institute of Slovenia

3
1
3
1
2
1
1
1
1
2
1

Total

17
N◦ —number.

The ﬁrst version of the semi-structured interview was pre-tested in May 2015, and interviews
conducted between December 2015 and January 2016.
The framework of the interview was prepared with the aim to analyze ﬁve main aspects of
the participatory process: (1) the role of the institution and the personal role of the interviewee
in the process of formulating the PUN (2015–2020); (2) the level of participation and stakeholders
involvement; (3) the evaluation of participation in the process; (4) the transparency of the process and (5)
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the management and organization of the process. Table A1 in the Appendix A presents the distribution
of interviewees according to the evaluation Sub-Criteria for an Effective Participatory Process.
All interviews were voice recorded and later transcribed. The length of interviews ranged between
20 and 35 min, with an average of 22 min. The data collected with interviews was analyzed through
a content analysis using codes and their sub-codes (e.g., role of institution, participation, conﬂicts,
agreement) with the support of MAXQDA 10 software (VERBI GmbH: Berlin, Germany).
3.2. Survey of the Stakeholders
In the first step of the research, a preliminary list of stakeholders involved in PUN was created based
on list of participants in the workshops and reports of the LIFE + project. Eight hundred and ﬁfteen
stakeholders from 94 different institutions and organizations (i.e., ministry, public forest administration,
NGOs, university and research institutions, private forest owners and farm associations) were
identiﬁed as a study population. In the second phase, a sample size of 261 stakeholders was calculated
with the help of Sample Size Calculator [51], (conﬁdence level 95%). In order to maximize the response
rate and to reduce survey error, Dillman’s Tailored Design Methods (TDM) [52] was adopted. Therefore,
the questionnaire was sent by post to 767 identiﬁed stakeholders using the 1KA web survey program
(https://www.1ka.si). The response rate was 34.8%, with 266 ﬁlled questionnaires from representatives
of 39 different institutions, which is 41.2% of all involved institutions.
Stakeholders were categorized into seven groups of interest: Governmental organizations
(e.g., ministries), public administrations (e.g., SFS), local communities (e.g., municipalities), environmental
NGOs, Chambers and Associations (e.g., CAFS, Association of Forest Owners), universities and research
institutes (e.g., Biotechnical Faculty) and others (private companies). The majority of respondents
involved in our survey were from public administration (42.9%), followed by respondents from
Chambers and Associations (21.1%), governmental organizations (9.7%), universities and research
institutes (4.9%), others (4.1%), environmental NGOs (2.3%) and local communities (0.7%) (Table 3).
Table 3. Stakeholders Involved in the Survey.
Group of Stakeholders

N◦ Sample

N◦ Respondents

Governmental Organizations

98 (12.8%)

26 (9.7%)

Public Administrations

244 (31.9%)

114 (42.9%)
2 (0.7%)

Local Communities

25 (3.2%)

Environmental NGOs

19 (2.5%)

6 (2.3%)

Chambers and Associations

298 (38.9%)

56 (21.1%)

Universities and Research Institutes

42 (5.4%)

13 (4.9%)

Others

41 (5.3%)

11 (4.1%)

Total

767

266 (Because the survey was anonymous, 38 (14.3%)
respondents choose not to reveal their institution.)

The questionnaire—comprising both open-ended and closed-ended questions—consisted of ﬁve
sections seeking information on: (1) nature protection policies; (2) the participatory process and the
relations between stakeholders; (3) the inﬂuence of stakeholders on the process; (4) conﬂicts and
(5) the socio-demographic characteristics of stakeholders. In Sections 2 and 3, several questions were
asked with the aim of gathering information on stakeholders’ involvement and participation in PUN
2015–2020. The questions in the survey were developed based on the criteria for the evaluation of a
participatory process [35].
For each of the indicators for the evaluation of the participatory process, the stakeholders were
asked to evaluate their satisfaction on a ﬁve-point Likert scale (1—fully unsatisﬁed to 5—very satisﬁed).
Based on these evaluations, average values were calculated for each indicator. The questionnaire
was pre-tested in June 2016, and the survey data was collected in September and October 2016.
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Collected data was coded and inserted in MS Excel and processed in IBM’s SPSS Statistics 21.0 software
(International Business Machines Corporation: New York, United States of America).
In order to check the quality of the data and to detect errors, outliers, and missing values,
all data was ﬁrst checked with frequencies. In order to determine the normality of the data, normality
tests (Kolmogorov-Smirnov and Shapiro-Wilk) were used [53]. In this case, data were not normally
distributed; therefore, non-parametric tests were used [53]. As one of the objectives of this study was
to present the differences among the stakeholders’ evaluation of the participatory process according to
their role (stakeholders from project partner’s institution and other stakeholders) in the implementation
process, a comparison was made between those stakeholders’ groups. Hence, in order to determine
the differences between these two groups, the non-parametric Mann-Whitney U test was used.
The differences between groups were statistically tested using the Mann-Whitney U test (p ≤ 0.005).
The statistical results of Mann-Whitney U test are presented in Table A2 in Appendix A.
4. Results
4.1. Stakeholders’ Evaluation of the Acceptance Criteria
4.1.1. Representativeness of the Participatory Process
The participatory process applied in the formulation of PUN 2015–2020 in Slovenia involved
different stakeholders from the early beginning of the process. First, the project coordinator (MESP),
together with project partners, made a detailed analysis of the stakeholders, based on sector
involvement and type of institution, and prepared inﬂuence/interest matrix for potential stakeholders’
prioritization and a precise plan of their involvement in different stages of the process: “The selection
criterion for stakeholders to participate in the process was that they are institutions with an interest and
competency in the planning and implementation of nature protection policies and measures” [MESP 1].
Consequently, the formulation of PUN 2015–2020 brought together a broad range of stakeholders from
different sectors, which is conﬁrmed by the results of the interviews, in which 70.7% of interviewed
stakeholders agreed with the statement that the process was representative, 17.6% were indifferent,
and 11.7% disagreed. On the other hand, the results from the survey also conﬁrmed these ﬁndings,
where the indicators for the evaluation of participatory process, i.e., “A broad range of stakeholders
involved”, and “Relevance of the involved stakeholders”, were evaluated respectively as satisﬁed
(average value 3.24 ± 0.983 and 3.18 ± 0.937). Moreover, the Mann-Whitney U test did not show
statistically signiﬁcant differences between stakeholders from the project’s partner institutions and
other stakeholders for both indicators.
On the other hand, the stakeholders also felt that some groups were excluded from the process
(landowners and people living in the Natura 2000 areas i.e., general public etc.): “Landowners under
Natura 2000, especially those who are economically dependent on agriculture and forestry were not
directly involved” [CAFS 2].
4.1.2. Independence of the Participatory Process
The management and facilitation of the PUN 2015–2020 was in the hands of project coordinator
and partners. The draft version of PUN 2015–2020 was discussed in 6 workshops with a wider
group of key stakeholders (219 representatives). The workshops were prepared separately for
different sectors (forestry, agricultural, ﬁsheries, and water) and local communities (workshops
for the eastern and western part of Slovenia). The participation was based on consultation,
collection of propositions/comments, and the elaboration of a ﬁnal draft. The ﬁnal draft was
sent for intergovernmental consultation following the adoption of the PUN 2015–2020. After the
adoption of PUN 2015–2020, 8 workshops were held for project partners and other target audiences
(623 stakeholders) to spread information about PUN 2015–2020.
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The results of the survey showed that the indicator “Workshop organization” was evaluated on
average as 3.80 ± 0.848, and “Management and facilitation of the process” as 3.71 ± 0.831, which means
that stakeholders were satisﬁed with the organization of the participatory process. The Mann-Whitney
U test did not show statistically-signiﬁcant differences between stakeholders from project partner’s
institutions and other stakeholders for both indicators. The survey results are also supported by
the results of interviews, where 82.3% of interviewed stakeholders agreed with the statement that
the process was independent, 11.8% were indifferent, and 5.9% disagreed, which is seen in the
respondents’ opinions: “The workshops were conducted according to established rules, useful and
successful. We were absolutely satisﬁed with the workshops, because there was always the possibility
to express our opinion” [CAFS 1]; SFS 1: “In the draft process, when we coordinated with the content,
we received a record where it was clear what was changed. We updated the content regularly on the
screen during the workshops and got a record that we could put comments on and comments were
taken into account”.
On the other hand, a few stakeholders were not satisﬁed with management and facilitation of
the process and fairness of workshops and feedback from organizer of process: “We were invited to
the workshop for presentation the draft, and at that time we were not given the full picture of the
content creation process, how the process is proceeding, and whether we are expected to have any
other proposal, cooperation” [representative of RDA Green Karst 1].
The role of facilitator is important for an effective participatory process. The facilitators were
nominated by project partners who identiﬁed internal persons from IRSNC. The stakeholders’
highlighted that the role of facilitator was crucial in the participatory process for the formulation of
PUN 2015–2020. Particularly, the facilitator encourages trusting relationships and equality between
the participants, so that mostly all stakeholders’ views were heard and respected. The results of the
survey evaluated the indicator for the evaluation of the participatory process “Stakeholders views
and opinions are heard” on average as 3.43 ± 1.016, and “Equality of stakeholders in the process” as
3.35 ± 1.021, which means that stakeholders were fairly satisﬁed. The Mann-Whitney U test did not
show statistically signiﬁcant differences between stakeholders from project partner’s institutions and
other stakeholders.
The survey results are also supported by the interviews, where respondents stated: “I think that
everybody has the possibility to express their opinion, if they have an interest” [IFRS 1].
4.1.3. Inﬂuence in the Participatory Process
The stakeholders who were present at the workshops contributed to the co-creation of PUN
2015–2020 through their active participation, as highlighted also by a respondent: “The stakeholders´
contribution to the PUN was great; they made it more practical, so it has more chance for
implementation. It can be said that, from the draft to the proposal, a great improvement has been made”
[IRSNC 1] and “At workshops where we prepared the draft, we self-coordinated about the substance
and then got feedback from the IRSNC, so we simultaneously repaired the draft and presented it on
big screen. Most of the notes were included in the draft later on” [SFS 1].
The level of participation is strictly linked to the power of stakeholders to inﬂuence the process and
outcomes in the participatory process. Yet, the stakeholders’ experiences of having an actual inﬂuence
on the formulation process varied. Stakeholders from partner institutions felt that their interests and
proposals were adequately represented in the ﬁnal version of PUN, which is also conﬁrmed by the
results of the interviews, where 70.7% of interviewed stakeholders agreed with the statement that they
had inﬂuence on the process, 17.6% were indifferent, and 11.7% disagreed. The results from the survey
also conﬁrmed this ﬁnding, where stakeholders were least satisﬁed with the indicator “Stakeholders’
response and proposals were respected” (average value 2.99 ± 0.976) and “Power of stakeholders to
inﬂuence the process and its outcomes” (average value 2.82 ± 0.996). Moreover, the Mann-Whitney
U test did not show statistically signiﬁcant differences between stakeholders from project partner’s
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institutions and other stakeholders. The results also show a slightly higher inﬂuence of the institutions
than the inﬂuence of individuals, as the average estimate of the inﬂuence of institutions was 2.97.
However, not all interviews supported the results of the survey. Some of stakeholders felt that
they had little, if any, inﬂuence on the ﬁnal version of PUN 2015–2020. According to the representative
of NGOs, they had an impact on the draft version of PUN, but not all their proposals were considered
at the end. “The ultimate decision-making power was possessed by IRSNC, who took the ﬁnal decision
concerning the draft and some of our proposals were ignored. We also made comments on the public
meeting about some measures, but we were not heard and did not get an answer” [Bird Life NGO 1].
Also, partner institutions noticed that other stakeholders had limited inﬂuence, arguing that:
“Some content stayed uncoordinated. We were approaching the ﬁnalized management program
through the entire process, but we were not completely harmonized with other stakeholders about some
of the content” [SFS 1] or “IRSNC did not take comments into account when they were contrary to the
opinions of Bird Life NGO” [SFS 3]. However, some representatives from partner institutions claimed
that they had limited power to inﬂuence the process and its outcome. For example, the representative
of IWRS 1: “We had to accept some of the objectives and measures and try to understand them as best
as possible” and representative of SFS 3: “In the reconciliation of the PUN, we could only make our
comments by problematizing the issue of the positive opinion of the institution in intergovernmental
consultation”.
Capacity building is clearly the most concrete outcome of the formulation of the PUN 2015–2020
process that has taken place during the period 2012–2015. It was a valuable forum to receive and
exchange information, and to some extent, to build shared understanding of nature conservation
problems. In addition, the results of the survey show that “Capacity building” was evaluated with an
average value 3.04 ± 0.842. The Mann-Whitney U test did not show statistically signiﬁcant differences
between stakeholders from project partner’s institutions and other stakeholders.
The interviews supported the results of survey, which is seen in a statement of the representative
of IWRS 1: “I think that the team from the ministry was great, probably could not be better. I know,
because I participated in other projects with other ministries where we had problems. Here everything
went smoothly. When we presented our program on workshops I always had a feeling of security and
I believed in the program”. A further statement which supports the results is from a representative
of MESP 1: “There is an important beneﬁt of the partnership, because each of the ﬁve partners is a
responsible authority in their ﬁeld of work, and project results require joint understanding and joint
solutions. As an example, analyses were prepared e.g., for Natura 2000 on agricultural land by the
IRSNC, which has knowledge and experience on the nature conservation aspect of achieving objectives
and the measures implemented, and by CAFS, which has knowledge and experience on the agricultural
aspect of implemented measures, and stakeholders experience. Without both institutions involved
there would be only one analyzed perspective. The same goes for forests and waters and ﬁsheries”.
Capacity building has inﬂuenced the sharing of information as representative of CAFS 1 explained:
“For our needs within the framework of some project activities, we needed data that we did not have.
The MESP has easily provided us with this information” and IWRS 1: “Any information or data we
needed concerning the project from any project partner was not a problem to get it”.
4.1.4. Transparency of the Participatory Process
The transparency of the participatory process was evaluated generally as satisfactory, as 45.6% of
the respondents of the survey answered that the process was transparent or very transparent (average
value of transparency: 3.26 ± 0.917). The results were also supported by the results of the interviews,
where 76.6% of interviewed stakeholders agreed with the level of transparency of the process, 11.7%
were indifferent, and 11.7% disagreed. Among the answers of the interviewees: “For me, the PUN
process was transparent, because I was part of the team and got an inside look on how the system
works” [SFS 1] and “Yes, I believe that the process was transparent, because the starting point was
adjusted to ensure the transparency of the process and it worked” [CAFS 1].
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Those respondents from the survey and interviews who were not satisﬁed with the transparency
of the participatory process (21.3%) mentioned that the main reason for inadequate transparency was
the lack of feedback on their comments at the workshops, the lack of information on the content editing
(what can be changed and what cannot), which phase the process of creating the PUN is in, the state
of future cooperation methods, who has already been involved in the process of creating the PUN,
and who else will be.
This is also evident from the survey answers and statements of interviewed stakeholders:
“There was a selective invitation for participation at the process and the workshops were not recorded
. . . participants did not receive any feedback, the ﬁnal version of PUN was changed beyond the
knowledge of the participants” [SFS 1], “There was a lack of stakeholders’ awareness and their
insufﬁcient involvement. Those of us, who were involved, did not receive any information about the
process itself” [NIB 1], and “The process is not transparent, because there is no feedback or information
on what stage the PUN is in” [SFS 3]. The ﬁnal version of the PUN 2015–2020 was adopted by MESP
and IRSNC, and did not take all the recommendations of stakeholders into consideration, as pointed
out by a respondent in the survey: “The ﬁnal decisions were not drawn up at the workshops, but
later, after the reconciliations between the ministries, where the other stakeholders were no longer
included. Final decisions should be taken with the consensus of all stakeholders” [Biotechnical Faculty
1], and “There were no clear instructions, participants were selectively invited, workshops did not keep
a record, there was no feedback, the ﬁnal document was changed without the participants’ knowledge,
different information was provided at the time of preparation on the meaning and usability of PUN,
as it turned out later upon conﬁrmation” [NGO 1].
Moreover, the Mann-Whitney U test showed statistically signiﬁcant differences between
stakeholders from project partner’s institutions and other stakeholders (U = 1260.500, z = −3.018,
p = 0.03). Stakeholders from project partner’s institutions evaluated sub-criteria with an average
value of 3.60, while other stakeholders evaluated it with an average value 2.80, which means that
stakeholders from project partner’s institutions were more satisﬁed with the transparency of the
process than other stakeholders.
4.2. Stakeholders Evaluation of the Process Criteria
4.2.1. Accessibility of the Participatory Process
Access and ﬂow of information in the process of formulating the PUN 2015–2020 was satisfactory,
as different means of communication were used, depending on which stakeholders they wanted
to reach i.e., mass media, project website, formal invitations on workshops. The main source of
information was the project’s website, where all of the project’s steps were published.
Stakeholders were generally satisﬁed with the accessibility of the participatory process, which is
conﬁrmed by the results of the interviews, where 82.4% of interviewed stakeholders agreed with the
accessibility of the information in the process, 5.9% were indifferent, and 11.7% disagreed.
Stakeholders were satisﬁed with the material resources as the answers of the survey, where the
indicator “Intelligibility of the material and information” was evaluated with an average value of
3.47 ± 0.861, and indicator “Notiﬁcation of certain activities” with 3.11 ± 0.951. The stakeholders’
satisfaction with material resources was pointed out by the interviewed representative CAFS 1: “We got
access to the data that the ministry had for our needs, so we cooperated well”. Respondents also
evaluated the indicator “Free access to all information” as satisfactory (average value 3.41 ± 0.881).
Stakeholders had sufﬁcient time for reﬂection, to make a decision and to express their opinions,
comments and thoughts about the content of PUN, as stated by representative: “ . . . there was almost
one year of these public announcements, so whoever had an interest had the opportunity to suggest or
comments the PUN” [IFRS 1].
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4.2.2. Cost-Effectiveness
Analysis of the costs of PUN is crucial in order to assess cost-effectiveness. The project’s budget
was 1,706,914.00€, where the ﬁnancial contribution of European Union was 50.0% [54]. The largest
share of the expenses represents personnel costs as 62 staff worked on the project altogether. The largest
expenses in this budget line represents the implementation of the workshop for preparing the ﬁrst
draft, followed by project management and analysis of measures implemented and objectives achieved
from PUN 2007–2013. The planned ﬁnancial resources were sufﬁcient through internal redeployment
of resources, according to representative IRSNC 1: “The planned ﬁnancial resources for workshops for
the ﬁrst draft were underestimated at the time of application, but we provided enough money with
internal redeployment of funds”.
Stakeholders from project partner’s institutions who were directly involved in the project were
satisﬁed with the cost-effectiveness, which is conﬁrmed by the results of the interviews, where 47.1%
of interviewed stakeholders agreed with the cost-effectiveness of the project, and 52.9% of stakeholders
are indifferent because they were not directly involved in the project and could not respond to
the question.
4.2.3. Task Deﬁnition
The nature and scope of the participation task were deﬁned between the partners of the PUN
2015–2020 project in a document called “Process and Communication Plan”. The document represents
a detailed plan of the implementation of this project, deﬁning the project phases, actions of each phase,
its activities, and the tasks of each partner. Additionally, the time schedule and correlations between
tasks were deﬁned as well.
The stakeholders who were involved as partners knew from the very beginning what their role
and tasks were. “I think that, even within the institution, we have explained how things are going, so
everyone knew where to get the information and to whom to send comments . . . so the tasks were
clearly deﬁned” [SFS 1].
However, not all stakeholders knew that; this was especially the case among stakeholders who
were included only in the phase of the draft presentation. This is seen from the survey answer of the
of rural development agency Green Karst 1: “We were invited to the workshop where the draft was
presented and at that point, we were not given the whole picture of the creation process. We also did
not receive any feedback after the workshop regarding which proposal was taken into account, how
the process was proceeding, and whether we are expected to offer any other proposals or cooperation”.
Additionally, 47.1% of interviewed stakeholders agreed with the task deﬁnition and the document
“Process and Communication Plan”. The rest of the stakeholders were indifferent because they were
not involved in the project (LIFE + ), so they were not familiar with the document.
5. Discussion
The success of the nature conservation policy depends on stakeholders’ co-operation and
participation [19]. The analysis of stakeholders’ involvement in the decision-making process of PUN
2015–2020 in Slovenia is a prerequisite for successful participation in order to highlight a wide range
of interests and point-of-views between different groups of stakeholders.
This study shows that the set of acceptance and process criteria and indicators can be used
as a basis for the evaluation of the participatory process in nature conservation and forest policy.
The information retrieved from the survey and interviews of the stakeholders indicates that the
participatory process was designed by considering the representativeness, independence, inﬂuence,
transparency, resource accessibility, cost-effectiveness, and task deﬁnition criteria. In some EU
countries, the participatory process was organized in the same way [31,32,34]. This shows a positive
trend from a command and control approach towards a participatory approach not only in PUN
2015–2020, but also in other EU countries [1,55,56], which means that various groups of stakeholders
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could inﬂuence policy outcomes in several ways [8]. Overall, however, not all of the requisite conditions
for successful participation were created by the evaluated participatory process. Studies [31,32,34,57]
show that some conditions for successful participation were not achieved. This indicates the possibility
for an improved, novel and innovative approach that leads to multi-level governance and a better
participatory process.
For example, with regard to the stakeholders’ involvement in the process, the main limit was that
some groups of stakeholders felt excluded from the process or were only included in the ﬁnal phase
(i.e., landowners and general public), or that stakeholders did not perceive that other stakeholder
groups were also involved in process of the formulation of PUN 2015–2020. A reason for that could be
the organization of separate workshops for different sectors, in which only a part of the stakeholders
were present, or the fact that only the interests of privileged stakeholder groups were included in the
decision-making process, while other marginalized stakeholders were only informed about the results
of the process in the ﬁnal phase. During the consultation meetings on intergovernmental consultation,
MAFF did not give his consent to MESP for the adoption of PUN 2015–2020, until a consensus between
SFS and IRSNC about the measures related to forestry and nature conservation under Natura 2000 was
reached; e.g., one of the topics was the amount of dead wood that should stay in the forest. The aim of
the meeting was to reach a consensus on an expert level. Therefore, more participation of marginalized
stakeholder groups at the early and ﬁnal stages is needed, and should be based on consensus decision
making and involvement which would improve the participation process.
Moreover, to improve the management and facilitation of the process, it is important to know
the role that stakeholders play in the process. Therefore, more attention should be given by project
partners to the presentation of the Process and Communication Plan. In addition, the facilitators of the
PUN 2015–2020 were very professional and capable of facilitating an open-discussion, and equally,
of supporting stakeholders in expressing their opinions, needs, and interests. However, the choice of
the facilitator should be reconsidered and assigned to an external person who is not affected by the
topic of discussion in order to improve the independence of the participatory process [31,35]. The role
of facilitator is essential to ensure equality among stakeholders in the process [31,58].
The adopted participatory approach in PUN 2015–2020 was less centralized than the previous
one, but it was still a top-down oriented approach with a switch from a more information-based
communication with stakeholders, as in the previous process, to a consultation with key
stakeholders. This ﬁnding is in accordance with studies evidencing that the initial top-down approach
practiced in most countries was changed to more socially inclusive and participatory bottom-up
approaches [34,59–61]. Still, stakeholders felt that all their responses and proposals were not taken into
consideration. To improve the perceived inﬂuence of stakeholders, project partners need to connect
participation with co-responsibility [15].
The level of participation is strictly linked to the power of stakeholders to influence the final decision
in the participatory process [62]. According to the results, stakeholders had conflicting opinions on
their real ability to influence the policy process and the final decisions. This is not surprising, as project
partners were the organizers of the process, the actors who selected the stakeholders, the participants
in process, and facilitators at the same time. Accordingly, the stakeholders who were involved in
the process participated with different levels of involvement and power to inﬂuence the process.
This ﬁnding conﬁrms that using participation techniques does not guarantee that the stakeholders
will feel empowered, but they are very useful tools to get the stakeholders’ opinions [57]. According
to the results, the ultimate decision-making power was held by the MESP and IRSNC who made
the ﬁnal decision. This is not problematic per se, according to [63] (p. 329): “As with all public
policy issues, the government should have the last word” (p. 329). Other studies have shown similar
problems regarding the inﬂuence and the power of stakeholders that emerged as a consequence of the
adopted top-down approach [61,64,65]. It seems that, in future participatory processes, it would be
beneﬁcial if project partners would conduct another round of workshops to consult a broad range of
stakeholders. These workshops can be considered to incorporate the stakeholders’ ideas and comments.
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This would improve the transparency of the process and obtain new opportunities for stakeholders to
exert their inﬂuence.
In general, the transparency of the decision-making process in PUN 2015–2020 was guaranteed,
but 21.3% of stakeholders were still not entirely satisﬁed with it. That was also conﬁrmed by
the Mann-Whitney U test. The project partners were more satisﬁed with the transparency of the
participatory process than other stakeholders. Therefore, a more transparent process would represent
a signiﬁcant asset, including adequate information for included stakeholders and the land owners
(via website), proper planning and preparation of the consultation process, respecting process results,
and an improved communication gap between policymakers and other relevant stakeholders, which
means keeping them constantly informed about the process and any further steps. With regard to
the stakeholders involved in the process, the limit was the low level of participation of land owners.
In order to increase the future legitimacy and transparency of the PUN formulation process, land
owners should be involved more actively in the decision-making. This was similarly deduced in the
formulation of the National Forest Program in the Czech Republic [31]. In this respect, a good example
is represented by the Austrian Forest Forum, where land owners had the chance to participate in the
dialogue process via an Internet platform or through written statements. Moreover, in the Austrian
Forest Forum, land owners were kept informed through a Forest Dialogue Newsletter [66].
The important resources in a participatory process are information, and material and time
resources. The availability of these resources is progressing in PUN, but it needs more capacity
and resources in terms of better communication with stakeholder groups. According to the organizer
of the process, ﬁnancial resources were sufﬁcient. Restrictions on ﬁnancial resources are liable to have
an impact on the quality of the participation process. It is essential to ensure that appropriate ﬁnances
are available.
Concerning the task deﬁnition criteria, tasks between stakeholders who were involved as project
partners were very precisely deﬁned. However, stakeholders from other institutions or stakeholders
from the same institutions who were involved in a later phase of the process (presentation of draft)
did not know that. To improve those criteria, what the purpose of stakeholders’ participation is/their
tasks and what is expected from them should be clearly stated at the beginning of each workshop.
When interpreting the results of this study, one should note that the approach has some limitations.
The analysis only considers the opinions regarding the evaluation of the participatory process of
formulation of PUN 2015–2020 of stakeholders who participated in the study. Relying on the answers
of respondents (266), this study does not reveal the opinions of the silent majority on the evaluation of
the participatory process of the formulation of PUN 2015–2020, nor how they will act in the future.
Moreover, the present results could be biased, because only representatives of private landowners
were involved in the process and consequently in our study, but they are especially relevant for the
management of Natura 2000. Their absence from the process was recognized by the respondents,
and is indicated in the results section. The real reason for their absence is unknown. The most likely
reason could be a lack of interest in participation in the process; less likely reasons could also be a
boycott, which can result in serious opposition in the future or in political radicalization. Those two
reasons are less likely, because representatives of the Association of Forest Owners were invited to
round tables (public meetings) where they could have given input on a draft version of PUN, but they
did not attend. In addition, they were present in last phase of workshops when the PUN 2015–2020
was already adopted by the government. The reason for the lack interest could be a lack of knowledge
on how to argument their opinions in order to inﬂuence the draft version, or because the aim of PUN
2015–2020 was not changing the borders but to establish measures to achieve conservation objectives
of species and Natura 2000. However, the number of respondents in the survey was large enough to
present the full picture of the process.
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6. Conclusions
There is increasing contention that public participation in policy-making is necessary to reﬂect
and acknowledge democratic ideals and to enhance trust in regulators and transparency in regulatory
systems [35]. Consequently, the participation of stakeholders in nature conservation policies, such as
PUN, and especially in the management of protected areas, such as Nature 2000, has gained importance
in the last decades.
The detailed analysis described in the previous sections gives us a general overview of the
participatory process and stakeholders’ involvement in the process of formulation of PUN 2015–2020
in Slovenia. The process was assessed based on evaluation criteria for an effective participatory process,
taking into account the acceptance criteria (representatives, independence, inﬂuence and transparency)
and process criteria (accessibility, cost-effectiveness and task deﬁnition). It is evident from research
that these criteria do not function independently, and it is therefore important to pay attention to all of
them. For example, a transparency criterion relates to inﬂuence criteria and vice versa.
Therefore, evaluating the participatory processes is essential to increase the quality of future
processes. Such an evaluation can be useful for the organizations responsible for planning and
management, as well as stakeholders and policy makers. In order to obtain good results, the managers
need to have guidelines to help them in designing and carrying out a successful participatory
planning process.
While a number of different participation techniques have been developed, their relative
usefulness is difﬁcult to ascertain, because there are either no systematic comparisons between them
or they are rare. Our evaluation was done ex post, based on quantitative and qualitative analysis,
and carried out by a researcher related to the participatory processes as an observer. We are aware of
the fact that the chosen criteria can have multiple meanings, and that stakeholders might deﬁne the
criteria in a different way.
The results of this study can be applied for stakeholder involvement in the participatory processes
in other natural resource management situations or similar processes of policy formulation activities.
The usefulness of this research is to improve participatory processes in future PUN and other nature
conservation and forest-related programs.
Finally, every process of formulating the policy is different, and the participation techniques used
should be considered on a case by case basis. However, lessons can be learned from this case and used
to develop participation techniques and more customer-oriented planning.
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Appendix A
Table A1. Distribution of Interviewees According to the Evaluation Sub-Criteria for an Effective
Participatory Process.
Sub-Criteria

Agreed

Undeﬁned

Disagreed

Representativeness

SFS 1 MESP 1, MESP 2, MESP 3,
CAFS 1, FRIS 1, IRSNC 1, IWRS 1,
TNP 1, AIS 1, BF 1, FFFRS 1

CCFF 1, SFS 3, TNP 2

CAFS 2 SFS 2

Independence

MESP 1, MESP 2, MESP 3, IRSNC 1,
SFS 1, SFS 3, SFS 2, IWRS 1, AIS 1,
BF 1, CCFF 1, CAFS 1, FRIS 1, FFFRS 1

TNP 2, CAFS 2

TNP 1

Inﬂuence

MESP 1, MESP 2, MESP 3, IRSNC 1,
SFS 1, SFS 2, AIS 1, BF 1, CCFF 1,
CAFS 1, FRIS 1, FFFRS 1

Transparency

MESP 1, MESP 2, MESP 3, IRSNC 1,
SFS 1, SFS 2, IWRS 1, TNP 1, TNP 2,
AIS 1, CAFS 1, FRIS 1, FFFRS 1

CCFF 1, CAFS 2

SFS 3, BF 1

Accessibility

MESP 1, MESP 2, MESP 3, IRSNC 1,
SFS 1, SFS 2, IWRS 1, TNP 2, AIS 1,
BF 1, CAFS 1, CAFS 2, FRIS 1, FFFRS 1

CCFF 1

SFS 3, TNP 1

Cost-effectiveness

MESP 1, MESP 2, MESP 3, IRSNC 1,
SFS 1, IWRS 1, CAFS 1, FRIS 1

SFS 3, SFS 2, TNP 1, CCFF 1, TNP
2, AIS 1, BF 1, CAFS 2, FFFRS 1

Task deﬁnition

MESP 1, MESP 2, MESP 3, IRSNC 1,
SFS 1, IWRS 1, CAFS 1, FRIS 1

SFS 3, SFS 2, TNP 1, TNP 2, AIS 1,
BF 1, CCFF 1, CAFS 2, FFFRS 1

SFS 3, IWRS 1, TNP 1,
TNP 2, CAFS 2

Table A2. Statistic results of Indicators for an Effective Participatory process.
Indicators

Mann-Whitney U

Z

p

Mean

Std. Deviation

Management and facilitation of the process

1926.500

−0.586

0.558

3.71

0.831

Workshop organization

2036.00

−0.165

0.869

3.80

0.848

A broad range of stakeholder involved

1728.500

−0.638

0.524

3.24

0.983

Relevance of the involved stakeholders

1889.000

−0.383

0.701

3.18

0.937

Access to information

1887.500

−0.869

0.385

3.41

0.881

Intelligibility of the material and information

2122.000

−0.299

0.765

3.47

0.861

Notiﬁcations of certain activities

1931.500

−0.904

0.366

3.11

0.951

Stakeholders views are heard and respected

1851.500

−0.819

0.413

3.43

1.016

Stakeholders responses and proposals
are respected

1732.000

−1.043

0.297

2.99

0.976

Power of stakeholders to inﬂuence process
and its outcomes

1641.000

−1.465

0.143

2.82

0.996

Capacity building

1391.000

−0.375

0.708

3.04

0.842

Transparency

1260.500

−3.018

0.003

3.26

0.917
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Abstract: Community-based natural resource management (CBNRM) is a widely used approach
aimed at involving those utilizing resources in their management. In Madagascar, where forest
decentralization has been implemented since the 1990s to spur local resource users’ involvement in
management processes, impacts remain unclear. This study aimed to investigate farmers’ perceptions
and practices regarding forest use under various forest governance systems, using a participatory
gaming approach implemented in the Zahamena region of Madagascar. We report on (i) the
conceptual models of the Zahamena socio-ecological system; (ii) the actual research tool in the
form of a tabletop role-playing game; and (iii) main outcomes of the gaming workshops and
accompanying research. The results allow the linking of game reality with real-world perceptions
based on game debrieﬁng discussions and game workshop follow-up surveys, as well as interviews
and focus group research with other natural resource users from the study area. Results show
that the Zahamena protected area plays the role of buffer zone by slowing down deforestation and
degradation. However, this fragile barrier and CBNRM are not long-term solutions in the face of
occurring changes. Rather, the solution lies in one of the main causes of the problem: agriculture.
Further use of tools such as participatory gaming is recommended to enhance knowledge exchange
and the development of common visions for the future of natural resource management to foster
resilience of forest governance.
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1. Introduction
Agriculture is one of the main drivers of global deforestation, and shifting agriculture is
responsible for 92% of tree cover loss in Africa [1]. Land conversion for agricultural production
affects water, soil, air, forests, and many ecosystems [2]. It caused the clearing or conversion of 70%
of grasslands, 50% of open woodlands, 45% of temperate dry forests, and 27% of tropical forests,
with some ﬁve to ten million hectares of forest annually being lost to agriculture [3] or 39 million ha
in Africa for the period of 2001–2015 [1]. Former studies showed that the combination of population
growth and shifting cultivation is the main cause of deforestation in pantropical regions [4]. A recent
study showed that tree cover increased globally between 1982 and 2016 due to a net loss of forest cover
in the tropics and a net gain in the extra-tropics [1].
In Madagascar, less than 18% of terrestrial surface was covered by forests in early 2000 [5].
These ecosystems contain a high degree of biodiversity, being home to more than 12,000 endemic
plant species [6] and over 700 endemic species of vertebrates [7,8]. The tree cover is continuously
decreasing, with a steep increase since 2013 and a maximum in 2017 [9,10]. Deforestation at the
national scale remains unchecked with some 100,000 hectares lost annually. Average deforestation
rates have been on a progressive rise since 2005, where annual nationwide rates translated to around
1.5% [11]. In certain areas of Eastern Madagascar, the rates of humid dense forest loss surpassed four
percent in 2017 [9]. Forest ecosystems and their biodiversity are, therefore, highly threatened due to
ongoing deforestation and degradation despite concerted international conservation efforts over the
past 30 years [12,13]. A mix of proximate and ultimate factors were identiﬁed linking forest loss to
human activities, such as agricultural and pastoral expansion [8,14,15], cash-cropping [14,16], changing
international commodity prices [16], increased access through new roads to formerly remote areas [17],
or large-scale agri-business [14]. Farmers’ slash-and-burn practices (Malagasy tavy) heavily participate
toward the depletion of forest biodiversity [18–22]. These practices are, however, necessary for the great
majority of the population, as they often lack alternative options in securing their livelihoods [23–25].
The positive outcomes of community-based natural resource management (CBNRM) still need to
be proven [26]. According to Mesham and Lumbasi [27], decentralization is a foreign idea in many
countries, and had the opposite impact to the intended empowerment of communities, thus hampering
partnerships at the cost of conservation. Pollini and Lassoie [28] put similar critiques forward in the
case of Madagascar, where the World Bank, together with international backers and non-governmental
organizations (NGOs) began pushing the Malagasy government to start establishing and implementing
forest decentralization in the late 1990s in the hope of slowing deforestation and degradation rates
while conserving biodiversity, in the form of VOIs (vondron’olona ifotony, an association of rural
stakeholders that entered into management contract in the GELOSE process) [13,29,30]. The GELOSE
(Gestion Locale Sécurisée, secure local management) policy, which regulates the transfer of property
rights to local communities, is integrated into the national forestry policy (Law 97-107 and Decree
97-1200), and is applicable to forests, pastures, water, and wildlife. However, because implementing
the GELOSE was deemed cumbersome (e.g., Reference [31]), the Contractual Forest Management
(GCF, Gestion Contractualisée des Forêts) was issued as an enabling legislation with focus on forests
(Order No. 2001-122). The GCF aimed to reduce the contract signatories from a tri-partite agreement to
the State (Ministry of Environment, Water, and Forests), and to the community residents (VOI) [32–34].
However, its implementation was widely criticized due to its top-down nature. The interests of the
actual community management associations (local communities) were being trumped by external
environmental mediators (international NGOs) driving the process (e.g., References [28,35]), despite
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the fundamental necessity of CBNRM to be a partnership, in this case between local communities
and the Forest Administration. The large-scale implementation of community-based natural resource
management agreements—to date, some 450 agreements were signed across Madagascar [36]—still
leaves many households with little incentive to protect their natural resources [22,37].
The current form of community-based natural resource management (CBNRM) in Madagascar is
a type of co-management where responsibilities are shared among various stakeholders, all of whom
are committed to ensuring that the local communities are actively involved in the management of the
natural resources. The cantonnement forestier is part of the Forest Administration and is the institution
responsible for the management of the forests under its jurisdiction. The forest administration
formalizes the contracts of management transfer to the local communities, or VOIs. It supervises and
advises the VOI and assists the judicial police role. Through the transfer of management, some forest
management responsibilities are delegated to the local communities, including those pertaining to
user rights of the forests. The VOIs set surveillance patrols, apply the dina (local rules) when possible,
or report to the forestry administration otherwise. In the case of protected areas managed by the
Madagascar National Parks (MNP), a management unit can invite members of a local community;
they are grouped in a Comité Local du Parc or CLP to participate in the protection of natural resources
by joining surveillance patrols or zoning tasks. The MNP can also initiate a transfer of an area of forests
to local communities to strengthen the protection of a park, but ﬁnal approval and the ofﬁcial contract
linked to the transfer remain the responsibility of the Forest Administration (cf. [38] for more details
on management structures in relation to protected area management). It remains unclear whether
community-based natural resource management contributed to a slowing down of deforestation and
degradation at the local scale [39,40].
There are claims of transdisciplinary and participatory approaches to natural resource
management that overcome sectorial divides in the context of decentralized governance [41]. Many of
these concepts, however, lack operability [42]. More experience is required to help practitioners
implement such approaches, and particularly to understand how information and research can feed
decision-making at individual, community, and political levels, and ultimately be incorporated into
the policy process [43–45]. Potential barriers are lacking guidelines and technical expertise. How to
go about breaching the science–policy–practice divide is still debated [11,46], and most are simply
“muddling through” (cf. Reference [47]). One of the conditions that international donors imposed
on the government of Madagascar is decentralization [12]; however, in fact, the decision-makers
themselves lack guidelines on how to implement decentralized territorial governance spatially and
temporally [13]. Since the devolution of forest governance in the 1990s in an act to give rural
people more responsibilities over their resources (cf. Reference [48]), the number and interactions of
stakeholders involved at various levels of forestry increased in complexity. Forest governance now
has all the ingredients of a wicked problem (sensu Reference [49]), where a mélange of value and
knowledge systems meet, i.e., where international, national, and local interests are competing over
the same resources, over access (or lack thereof), user rights, and over decision power. Reasons for,
or drivers of, deforestation are found in a complex interrelationship of socio-economic and political
factors [4]. To better understand forest and other land use by rural resource users, we investigate here
farmers’ practices and perceptions under different forest governance systems.
This research is part of the AlaReLa project (Alaotra Resilience Landscape, 2013–2017) based
on a transdisciplinary approach where a multitude of research methods were applied to facilitate
participation and involvement of local stakeholders and regional decision-makers in the Maningory
watershed. In this paper, we focus on participatory gaming based on companion modeling (ComMod),
a participatory modeling approach aimed to tackle natural resource management issues [50] around
Zahamena National Park. Given the complex nature of this natural resource management (NRM)
problem (forest governance regimes), and its interactions with various stakeholders, our research
approach is exploratory in nature; through our gaming approach, we ﬁrst try to understand the system
under scrutiny (which is Objective 1 of ComMod, cf. [50] to see whether any patterns or surprises may
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emerge. Secondly, this spurs discussions revolving around these outcomes (governance/livelihoods).
The engagement with various stakeholders (as done in this research), especially with groups that
usually go unheard (e.g., subsistence farmers), combined with the sharing of results (ongoing), has the
potential to better involve and inform the actual decision-makers and their policymaking at various
levels (Objective 2 of ComMod, cf. [50]).
This contribution centers on a forest governance game developed in and for the Zahamena
region, eastern Madagascar. Our overarching research objectives were to explore farmers’ perceptions
of forest use and governance in the light of CBNRM and its impacts in the Zahamena region,
which currently remain unclear. Our two working questions were as follows: (i) (In what way)
does the management system impact farmers’ (gaming) decisions and behavior? (ii) (In what way)
does the management system have an impact on (virtual and real-life) forest status/deforestation?
In this publication, we report on the actual research tool, a role-playing game (RPG). The results focus
on (i) the co-constructed conceptual models of the Zahamena socio-ecological system (interactions of
actors and resources, land-type dynamics), which informed and guided the collaborative development
of the RPG; (ii) main outcomes of the gaming workshops (virtual world), including game debrieﬁng
and discussions addressing game reality and decisions (with a focus on stakeholder perspectives
on the governance challenges accounting for deforestation); (iii) land-cover mapping to gain
insights into forest cover change in the past 25 years; (iv) real-world perceptions and narratives
of resource users, linking the game experience with the real world. Further interviews, focus groups,
and “ethnophotography in environmental science”—an approach using ethnography-inspired
photography to explore landscape and land-use perceptions of local resource users [51]—were used
in complement.
2. Materials and Methods
2.1. Study Area
Our research focuses on the Zahamena forest (Figure 1), which, in most parts, is under a protected
area management regime. Zahamena is located in the east of the country, at the nexus of the
Alaotra-Mangoro and Analanjirofo regions. The region of Lake Alaotra represents an agricultural hub
as a center of rice production, and the Analanjirofo as its vernacular name implies (jirofo means clove)
is an important region in cash crop production. Zahamena was the third Strict Nature Reserve of
Madagascar established 31 December 1927. A central enclave was part of the reserve in 1927, and the
continued presence of several villages over time led to the area of the enclave being degazetted in 1966.
These villages kept growing and a further area was degazetted when Zahamena was partly turned into
a National Park in 1997 (International Union for Conservation of Nature (IUCN) category II; the idea
was to open the Strict Nature Reserve and turn it into a National Park, thus allowing visits not only from
tourists but also—and especially—communities). In 2007, Zahamena was amongst six rainforest sites
listed as a World Heritage Site, known as the Rainforests of Atsinanana. In 2015, the total Zahamena
area became a National Park, and today, it covers a total area of 64,935 hectares under the management
of Madagascar National Parks (MNP, formerly ANGAP). MNP agents ensure the ecological monitoring
and conduct forest patrols. The local forest patrols (CLP, Comité Local du Parc, usually villagers from
around Zahamena) support the MNP in forest monitoring. The VOI is responsible for the forest and
dina (local rules) monitoring in the community-based forest areas. The association reports directly
to the Forest Administration (chef de cantonnement or chef du cantonnement forestier as a subdivision
of Forest Administration at the district level) and deals with usage requests from the community.
There are currently 14 VOIs around Zahamena, six of which are in the commune of Antanandava.
The two communes of Antanandava and Vavatenina mostly depend on agricultural production for
both subsistence and markets, with a majority of villagers engaging in self-subsistence activities.
Many do have more than just one activity, which is typical for the region (e.g., Reference [52]).
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Zahamena National Park has a zoning plan; this plan de gestion is composed of the core zone
for conservation (noyau dur) and the buffer zone (zone tampon with ZOC—zone à utilisation contrôlée,
ZUD—zone à utilisation durable, and ZS—zone de service). The local population is ofﬁcially not granted
access to the conservation area, but they can extract wood for personal use and cultivate in the buffer
zone. The VOIs are supposed to manage these activities, but due to them lacking capacity and
stafﬁng, VOIs and the MNP are not able to ensure control of the geographic boundaries of the different
zones, resulting in illegal logging, slash-and-burn cultivation, and lemur and other bushmeat hunting.
The management and conservation of in situ biodiversity and ecosystems is anchored in the protected
area legislation Code des Aires Protégées (N. 848-05/N. 2001-05). It was legalized in 2003 and revised
in 2015 under the Refonte du Code des Aires Protégées (N. 2015-005). This was supplemented with an
updated protected area code, the Updated Malagasy Environment Charter (Charte de l’Environnement
Malagasy actualisé N. 2015-003).

Figure 1. Study area within the Maningory watershed, with locations of the six game workshops (W1–6).
Humid dense forest (black), degraded forest (dark grey), agricultural matrix (grey), and grasslands,
including wooded grasslands (light grey), other land types such as water bodies, wetlands, and irrigated
rice ﬁelds (white). Contours in red show National Park boundaries of Zahamena, and grey delimits
Lake Alaotra, where other interviews to this research were conducted. The white north–south dividing
line is the political boundary between the two districts, Analanjirofo in the east and Alaotra-Mangoro
in the west. Land types are based on Landsat imagery classiﬁcation using Labord projection
(LC8158072_0722014236; LC8158073_0732014236; LC8159072_0722014259 Courtesy of the United States
(US) Geological Survey).
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2.2. Companion Modeling and Role-Playing Games
To explore farmers’ decisions and perceptions of forest use and governance in the light of CBNRM,
we co-developed a role-playing game following the companion modeling (ComMod) approach.
ComMod is a participatory modeling approach [50] used to develop shared visions (mental models)
of socio-ecological systems (e.g., Figure 2 in the Section 3). This means that all relevant stakeholders
share their own reality, i.e., their perception of the system at hand, and how it works. The resulting
model contains more information than single stakeholders’ initial mental models. The co-development
of these shared representations of reality already initiate a learning process, and can then serve
for research and stakeholder engagement processes in resource management planning, outreach,
negotiations, and policy decisions. The approach was proven to be a suitable and helpful negotiation
and planning tool in various forest and agriculture settings (e.g., [53–57]. Thus, ComMod is more
than a research approach; it enables mutual learning, dialogue, promotes collective decision-making,
and can guide co-development of (alternative) management plans.

Figure 2. Conceptual model of the Zahamena socio-ecological system showing the interactions of actors
and resources. Actors represent either individuals (light blue) or institutions (dark blue); resources are
either primary (square boxes) or commodities (ellipsoids). The verbs on the arrows describe the main
interactions between two entities.

The ﬁrst step in this complex participatory process (ComMod) is the deﬁnition of a problem
together with concerned stakeholders. Following this, its related actors, resources, dynamics,
and interactions (called ARDI; cf. Reference [58]) are identiﬁed collectively. The emerging model
contains social, ecological, and economic dimensions, and can, in a next step, be translated into a
tabletop role-playing game (RPG;). This RPG then serves as a tool to explore and discuss complex
interactions and feedback loops in the system at hand, and can involve the exploration of potential
future scenarios. As such, the RPGs are suitable for stakeholder involvement, exchanging information,
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promoting negotiation processes, and serving science and policy as a valuable tool for understanding
stakeholder decisions and preferences in natural resource management realms.
2.2.1. Development of an RPG
The development of a game consists of two main phases: a diagnostic phase and a gamiﬁcation
phase, which is the transformation of mental models into a game with a game board, rules, and players.
The diagnostic phase served to identify actors, resources, dynamics, and interactions [37] of forest
decline and land conversion. This diagnostic phase entailed a multitude of approaches including
focus groups and interviews with different stakeholders, and ethno-photography of sciences (details
on content and participant selection are speciﬁed in Appendix A.1). One of the photography
methods used to collect these narratives was created for the project [51]. It was aimed at obtaining
a corpus of visual narratives shared between the photographer (necessarily biased) and the people
(or landscape) portrayed. During “iteration workshops”, a set of pictures taken during previous visits
to the area were analyzed by the participants, and missing aspects identiﬁed by them were added
afterward. The interactions between the participants and the photographer gave a complement of
information by addressing the same issues as the scientiﬁc methods used, but from a collaborative and
artistic perspective.
The obtained information was used to develop a mental model of the Zahamena socio-ecological
system (SES) and to identify the dynamics in the system such as regrowth and fallow stages
after burning and cultivation. These conceptual models served to develop the components and
rules of the RPG (role-playing game; see a detailed description of the RPG used in this research
in Appendix A.2): Actors were turned into players, resources into tokens, and dynamics into
rules. After an extensive testing phase for calibration and parameterization based on stakeholder
engagements (Appendix A.1), a total of six full-day workshops with 30 participants took place,
where two scenarios were played with respective debrieﬁngs. Follow-up surveys were performed
the day after. The research team facilitating a game workshop comprised four researchers sharing
facilitation, note-taking, and game-updating tasks.
During a game, which consists of ﬁve rounds, ﬁve players make decisions on land-use activities
to pursue their livelihoods. They can do a variety of activities such as agriculture (rice, maize,
beans, tobacco, cassava, and clove) and use small or big amounts of fertilizer to improve outputs.
Players can further invest in charcoal production, wood exploitation, mining, install ﬁrebreaks to
prevent propagation of ﬁres, and do reforestation. The game board (Figure A2) represents the typical
forest-dominated Zahamena landscape. The goal for the players is to make a living, i.e., to be able to
pay their household’s livelihood costs at the end of every round. How they achieve this depends on
their personal preferences and decisions. The game has two scenarios, each consisting of ﬁve turns,
representing ﬁve years each. The two different scenarios were developed to be able to observe and
discuss different strategies and decisions based on different forest management regimes. In Scenario 1,
all 35 forest plots of the “gamescape” (the game board representing the landscape) are state-owned.
In Scenario 2, different governance systems underlie the forest plots: Three cells remain state forests,
eight plots are under a community-based regime (VOI), and 24 cells represent the protected area
(Zahamena National Park). We developed the two scenarios to explore and understand the impacts
these different land management regimes may or may not have on the behavior, land use, and/or
livelihood strategies of local people. A detailed description of the game components and functioning
is provided in Appendix A.2.
2.2.2. Game Workshop Structure
One gaming workshop lasted a whole day: the game sessions for both scenarios were divided
between morning and afternoon. After a brief introduction of the research team and the gaming
approach, participant information was collected (gender, age, schooling, and livelihood activities).
After explaining the course of the game to the players, scenario 1 was played, followed by a small
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debrieﬁng discussion that addressed players’ feelings about the game and about results during the
ﬁrst scenario (what happened on the game board), reasons for the activities pursued or not (mostly in
the forest), and the problems or constraints they encountered during the game. After a lunch break,
the facilitator explained the landscape changes and new rules before playing scenario 2. The second
debrieﬁng contained additional aspects as compared to the ﬁrst debrieﬁng, including comparisons
between scenarios 1 and 2, the adopted strategies for the different scenarios, the changes observable
on the game board, and, most importantly, the transition to reality from what they see on the game
board or what they encountered during the game. At the end of the workshop, follow-up surveys
were scheduled for the next day, with the team visiting the individual participants at their homes to
address additional questions surrounding daily life activities, forest management, landscape changes,
and governance.
2.2.3. Game Workshop Participants
A total of 30 resource users participated in the six game workshops, conducted along the
Vavatenina–Antanandava transect (Figure 1). Workshops 1–3 were conducted far away from Zahamena
(over 1–2 days walking distance) in the district of Vavatenina, where there is almost no dense forest
remaining. The forests available to these villages are only vestiges of forest-covered landscapes from
long ago. Workshops 4–6 took place in villages close to the Zahamena forest block, in the commune
of Antanandava, where people still have daily access to signiﬁcant forest resources (from less than
an hour to two hours walking distance from Zahamena National Park). The selection criteria for
participants were (i) local residence, (ii) agriculture as main livelihood activity, and (iii) aged at least 18
years. Additionally, participants were not to be from the same households, and particular attention
was paid to having a balanced gender representation.
At sites 1–4, participants were from the ethno-linguistic group of the Betsimisaraka, and, at sites
5 and 6, all players were a mix of Betsimisaraka and Sihanaka. Primary activities in sites 1–3 were
cash crop cultivation (clove, coffee, and vanilla) and shifting rice cultivation, while the landscape was
dominated by clove ﬁelds and savoka (seral stage of regeneration after slash-and-burning). There was
only a small surface area suitable for irrigated rice. In sites 4–6, the primary occupation was farming of
irrigated and rainfed rice, as well as bean and cassava production. The landscape was characterized by
dense forest, savoka, and the presence of grasslands and wooded grasslands.
The age of participants ranged from 18 to 80 years (split in the following age categories: ≤20 (1);
21–30 (6); 31–40 (5); 41–50 (7); 51–60 (7); 61–70 (2); 71–80 (2)). Of the 21 men and nine women,
the educational levels ranged from not identiﬁed (2), illiterate (2), primary level (14), secondary level
(8), high school (3), to university (1).
2.3. Land-Cover Mapping and Dynamics Assessment
For this article, we used Landsat imagery to identify real-world trends in forest cover change,
and to allow for a comparison with landscape development in the game setting (one scenario
representing 25 years). For this, we acquired two Landsat images from the United States Geological
Survey (USGS) Earth Resources Observation and Science Center (Sioux Falls, SD, USA). The images
provide coverage over the study area for 19 June 1990 and 24 August 2014 and were acquired
atmospherically corrected to Level-2 surface reﬂectance [59]. Images were selected approximately
25 years apart, as constrained by cloud cover. While the 1990 image was cloud free, the best available
image circa 2012–2016 contained some cloud-cover. Landsat data were selected as they are freely
available, provide a moderate (i.e., 30-m) spatial resolution, and have a proven capacity for detecting
forest cover disturbance [60]. An unsupervised iterative self-organizing classiﬁcation algorithm
(i.e., ISOCLUST; Clark Labs: Worcester, MA, USA) was used on the 2014 image to group pixels into
dominant cover types based on their shared spectral properties and to target areas dominated by
shadow and/or cloud. Areas dominated by cloud and the boundaries of the study area were applied
as a mask to both dates of imagery.
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Land-cover types were defined based on an aggregation and augmentation of existing categories
(i.e., dense forest, degraded forest, wooded grassland, grassland, agriculture mosaic, rice agriculture,
and water vegetated swamp) into spectrally discernible classes (i.e., dense forest, sparse/degraded
forest, grass/shrub-dominant, soil-dominant, water, and vegetated swamp/wet agriculture (e.g., rice)).
Examples of target land-cover categories were initially located with reference to ground data collected
by the AlaReLa project in October 2015. Additional examples of target classes were located with
reference to an existing national-level land-cover map (i.e., Reference [61]), fine-spatial-resolution
satellite imagery viewable in Google Earth Pro, and the appearance/spectral values of the Landsat data.
For all classes, training and testing sites were derived to calibrate and validate an image classification
algorithm. The maximum-likelihood classification algorithm was selected given a proven track record
for classifying different types of forest cover [62]. Resulting map accuracy was quantified using a
confusion matrix to cross-tabulate with independent testing (i.e., validation) data. The Kappa index of
agreement (KIA) assessed how better than random the map was [63]. Due to a lack of historical reference
data, the 1990 classification was not validated. The mapping results were used to establish historic
(i.e., 1990) and contemporary (i.e., 2014) forest extent and quantify dynamics (i.e., loss, persistence,
and gain) from 1990 to 2014 using the Idrisi Land Change Modeler (Clark Labs, Worcester, MA, USA).
2.4. Analysis of Gaming and Debrieﬁng Data
Before, during, and after the gaming sessions, various qualitative and quantitative data were
collected. Qualitative data were participant statements, noted and audio-recorded during discussions
and debrieﬁngs (as described in Section 2.2.2). We screened the obtained qualitative data for exemplary
statements, i.e., to represent the range of different perceptions, strategies, and realities.
Quantitative data were collected with data sheets during both scenarios, and captured participant
behavior and decisions such as type, number, and location of activity (cultivation of rice, maize,
beans, tobacco, cassava, clove; use of small or big amounts of fertilizer; charcoal production,
wood exploitation, mining, ﬁrebreak installation, and reforestation), as well as the consequences
(production, i.e., income/livelihood and forest cover; see also Table A4 for detailed lists of variables
measured during gaming).
For statistical analysis, livelihood and forest cover over time showed normally distributed errors.
Therefore, we used two-sample t-tests to analyze the effect of the scenarios. To investigate the
interactive effects of the scenario and workshop on these, we used linear models. All variables related
to players’ strategies showed non-normal error distributions. Non-parametric Wilcoxon rank sum
tests were, therefore, used to check for differences between scenarios. All analyses were done using
the R software version 3.0.3. [64].
3. Results
This section is based on outcomes of the transdisciplinary approach described in the methodology
section. In the ﬁrst part of this section, we disentangle the interactions between stakeholders and their
resources, and land-type dynamics, i.e., what are the responses of land-cover types to the interactions
described. These results stem from the diagnostic phase, including interviews, surveys, and focus
groups. In a second part, we juxtapose game outcomes (virtual world) with Landsat-based land-type
dynamics and with outcomes from discussions (stemming either from debrieﬁngs, interviews, or focus
group meetings), i.e., real-world perceptions of the stakeholders. When quotes are used, a code
indicates their origin (FG = focus group, I = interview, W = (game) workshop, and P = player).
3.1. Understanding the Socio-Ecological System
3.1.1. Interactions of Actors and Resources
The main local actors in the socio-ecological system of the Zahamena region are farmers, charcoal
producers, and miners, as well as institutional actors such as the Forest Administration, mining service,
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traditional authorities, and NGOs. Different forms of land use, such as wood exploitation or the
establishment of farmland, transform dense forest into other land-use forms and provide cash crop and
food crop to the local population. Authorities and institutions mainly hold indirect roles in supervising
resource use and the application of laws (Figure 2).
3.1.2. Land-Type Dynamics
Dense forests turn into ala lany (exploited forest) when precious woods and construction timber
are harvested. When farmers establish ﬁelds for farming, forest is burned, mostly by practicing tavy
(slash-and-burn agriculture). Amongst Betsimisaraka, tavy is also the name of the resulting ﬁeld
that is used for rice cultivation or a mixed culture consisting of rice (the main crop) and beans or
corn. In the second year, farmers have the choice to either cultivate rice or mixed culture once more,
or another annual culture such as maize or cassava, or a perennial culture such as coffee, clove, or litchi.
Betsimisaraka use the word tsabo for rain-fed crops (annual or perennial, except for rice) and for the
terrain these grow on. Tsabo does not require burning to prepare the ground for cultivation; a simple
exposure of the superﬁcial part of the soil (kapakapa) or a light ploughing similar to the system of
cultivation under vegetal cover is enough. In contrast, a burn always precedes the tavy, and as the
farmers usually do not use fertilizer, rice is cultivated in the ﬁrst year when soil fertility is highest
(Figure 3).

Figure 3. Conceptual model of land-use change and (post-) cultural dynamics in the Zahamena
socio-ecological system. Natural succession (left panel) is compared with agricultural practices
(yellow box); processes: tavy and/or cutting (red arrows), cultivating (green arrows), and resting
periods/fallows (blue arrows). Local Betsimisaraka terms are in italics.

After three or four years of cultivation, farmers leave the plot fallow for at least three years and
then redo the tavy to cultivate it again. Generally, farmers only plant perennial crops such as cloves
once the quality of the soil diminishes and no longer gives a satisfactory annual crop production,
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particularly if they do not have much land. When ﬁelds are no longer cultivated, different fallow stages
follow, such as matrangy in the ﬁrst year of regeneration (1–2 years), trematrema with higher vegetation
(2–15 years), and savoka with high and dense vegetation, including woody vegetation (3–15 years).
After 10–20 years, savoka mody develops, which turns into secondary forest after (20–)50–60 years
(time data from ﬁeld work and Reference [21]). This secondary forest can then form the starting point
for a new cycle (Figure 3). Restoration is also a possibility. While this leads to the development of
plantations, annual cultures enter the fallow cycle, unless they are cultivated again. If burning cycles
move closer together, i.e., fallows are no longer allowed or are burned at an earlier stage than savoka,
the risk that the terrain becomes uncultivable (tany maty) increases. This also happens after mining,
when the nutritious layers of the soil are removed or dislocated.
3.2. Forest Change, Livelihood Challenges, and Governance
3.2.1. Virtual World—Gaming
Though the game represents an artiﬁcial world, it still has meaning to the players. Impacts of
actions and decisions on how to use (or not use) a land unit are directly visualized on the game board
(Figure 4).

Figure 4. Game landscape (gamescape) change over the course of 25 years, comparing scenario 1 (left)
vs. scenario 2 (right); W1–6 represent the six game workshops. Over the period of ﬁve rounds—ﬁve
years per round (R)—land types change according to players’ decisions and activities. Original
landscape for both scenarios (top) is composed of 35 dense forest cells (dark green), eight tanety
cells (brown), and three irrigated rice ﬁeld cells (blue). Scenario 2 has, in addition, a National Park
(red contours), and community-based forests (blue contours). The other greens (darker to bright)
represent forest degradation (low to high), red represents a completely deforested cell; yellow represents
a fallow (savoka), green hashed represents reforestation, and brown hashed represents a clove plantation.
Details of the actual role-playing game (RPG) are provided in Figure A2.

Players’ gaming behavior and its impacts were statistically analyzed. Testing for differences
in livelihood and the state of the forest revealed several results. Between scenario 1 and scenario 2,
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there is a statistically signiﬁcant difference in the amount of degraded natural forest (more in Scenario
1; Figure 5, Table A4), comprising all forest degradation levels summed together, but not in livelihood.
Testing for differences in game activities showed a statistically signiﬁcant difference between scenario
1 and 2 only in six out of 40 variables (Table A5). However, when testing for differences between
workshops 1–3 (situated far from dense forest) and 4–6 (close to dense forest), many variables showed a
statistical difference; there were signiﬁcant differences in livelihood (much higher in W4–6), moderately
degraded forest (more in W1–3), very degraded dense forest (more in W1–3), and completely deforested
plots (more in W4–6; Table A4). Of the 40 game activity variables, 26 were tested to be signiﬁcantly
different between forest-close and forest-distant workshops (Table A6). When testing for the effect of
interactions between the scenario and workshop on land, there was, on average, a signiﬁcant difference
between scenarios 1 and 2, and a slight but non-signiﬁcant difference between workshops 1–3 and
4–6. There was more dense forest, and less degraded forest in scenario 2 than in scenario 1, and this
difference intensiﬁed slightly for workshops 4–6. Indeed, in workshops 4–6, there was a bit more forest
and a bit less degraded forest in scenario 2 than in workshops 1–3 (Figure 5).

Figure 5. Deforestation and degradation happening in the gamescape. Scenario comparison for the
number of plots with dense forest (a) and the area of degraded forest (c); interactive effects between
scenario and workshop for dense forest (boxplots, (b)) and for degraded forest (d).

Participants of the game workshops stated that they based their gaming behavior mainly on daily
life (67%), gaming rules (17%), and on what others did in the game (10%). The rest did not give a
reply (6%). Some players added remarks, for example, that the use of fertilizer is not yet common
and is rarely done, that activities like cloves are not yet practiced in the sites of the commune of
Antanandava (W4–6), and that the exploitation of forest resources for commercial purposes—selective
cutting, charcoal production, and mining—is not very frequent. During the game, players have to
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establish strategies and make decisions regarding which activities to pursue, including the adherence
or non-compliance to management rules and laws. Below, discussion outcomes from the debrieﬁng
sessions are presented in relation to forest exploitation activities during the game sessions.
The most common reasons for not undertaking charcoal production were the difﬁculty in obtaining
a permit and the fear of being punished.
“I did not produce charcoal for fear of exploiting the forest.” (game workshop participant W1P5)
“Even when following (the law), it is difﬁcult to obtain a permit.” (W6P5)
Other players did not use the forest [selective cutting] because they lacked permits and/or feared
law enforcement.
“This activity requires authorization but I did not have enough money to apply for a permit and
was stopped by forest protection.” (W4P5)
“I exploited the forest but stopped after being ﬁned by the Forest Administration.” (W2P3)
“I thought about it [mining], and then I thought maybe I need authorization from the chef
de cantonnement and the mining department, but I did not have enough money to start the
process.” (W4P5)
Reasons for exploiting the forest were mainly income and the development of arable land.
“I cut wood to earn a lot of money.” (W2P2)
“To extend cultivable land.” (W6P4)
“I have a cutting permit but I have also made illegal cuts.” (W4P1)
“Mining can earn you a lot of money if you are lucky.” (W2P2)
“I waited until the plot was completely deforested before mining.” (W1P2)
The establishment of the protected area in scenario 2 shifted the focus of cultivation to the
VOI forests; however, these could not fully cover the needs of the players in the long run, and,
once these were exhausted, the neighboring forest cells were increasingly exploited and transformed
into farmland.
“The land is not enough, the community forest has been exhausted, the parcels of forest in the
park are close to the lands already developed . . . so I still used the parcels of the park.” (W3P3)
“The land is not enough; we had to expand farmland. Also, the number of dependents [members
of household] continues to increase.” (this participant still used the parcels of the park; W3P5)
“When the VOI forest was completely destroyed, it was necessary to enter the protected area.
The degradation is done continuously starting from the parcels closest to those already used.” (W5P4)
“We must be cautious about the use of reserve [protected areas] resources because even if we
follow the law, we do not obtain authorization.” (W6P5)
3.2.2. Land-Cover Mapping and Dynamics Assessment
Mapping and dynamics results indicate a general and widespread decrease in dense forest
and an increase in sparse/degraded forest (Figure 6). Within the study area, from 1990–2014,
approximately 96,607 ha of dense forest was lost, 82,153 ha remained unchanged (i.e., persistence),
and 4077 ha were gained. Dense forest primarily transitioned to sparse/degraded forest but also to
grass/shrub-dominant and agricultural land-use areas. Dense forest loss occurred almost entirely
outside the boundaries of the Zahamena National Park. According to the confusion matrix (Table A7),
the 2014 classiﬁcation resulted in a highly accurate map, with an overall accuracy of 99.6% and a KIA
of 0.99.
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Figure 6. Supervised maximum-likelihood classiﬁcation results of Landsat imagery showing the
distribution of targeted land-cover classes in the study area for June 1990 (Panel A) and August 2014
(Panel B). Panel C shows loss, persistence, and gain in dense forest from 1990–2014 in and around the
Zahamena National Park. The background image is the near-infrared (NIR) band of Landsat imagery
from August 2014. The boundary for the Zahamena National Park appears in yellow in all panels.
The coordinates for all panels are Universal Transverse Mercator (UTM) Zone 39 South.
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3.2.3. Real World—Land-Use Narratives and Perceptions
Land-use characterizations allow for a better understanding of local realities, and thus,
an improved understanding of gaming results. This section provides detailed insights into individual
realities and general livelihood strategies, based on discussions during interviews, game workshop
debrieﬁngs, follow-up surveys to the game workshops, and focus groups.
The majority of people do not produce their own charcoal, but collect ﬁrewood. People closer to
the Zahamena National Park realize that ﬁnding ﬁrewood requires more and more walking due to
ongoing deforestation when compared to 20 to 30 years ago; even the degraded forests are not
producing enough ﬁrewood anymore. People blame the growing population for this situation.
For example, the woman selling charcoal (Figure 7) walks about three hours every day from her
home to the charcoal production site, then three hours with the charcoal bag on top of her head to
the market in Andreba-Gare where she stays until she has sold all the charcoal. One stack of charcoal
costs about 100 Ariary (Ar; 0.03 €). The walk back home is also about three hours. Families produce
charcoal for the market, where a bag of charcoal costs around 7000 Ar (1.83 €). Firewood collection
in dense and degraded forests was free; in recent times, people started selling ﬁrewood produced
on their plantations. Clove production is very common on the eastern side of Zahamena (district
of Vavatenina), where many households possess clove trees. These were introduced by the French
colonial powers together with coffee, vanilla, and litchi. It takes seven years for the ﬁrst production of
cloves, and mature trees produce cloves every 2–3 years. The trees are also appreciated for their leaves,
which are used for essential oil production during lean periods (Figure 7).
“Growing vanilla and cloves is a good alternative [to rice production or mining], as these two
crops can bring in lots of money.” (Interviewee I6, Antanandava)
“Before, we grew nothing but rice, but then the foreign foremen taught us how to grow cloves,
coffee, and vanilla, and we continued.” (W3P1)
“Clove is allotted for export, it generates money even with a small production.” (W4P1)

Figure 7. Characteristic land use in the Zahamena socio-ecological system. The ethno-photography
in environmental science method (cf. Reference [58]) allows for a shared vision of the landscape uses
and proposes a visual characterization of user-deﬁned important livelihood activities surrounding
the remaining dense forests: charcoal (a), clove cultivation (b), artisanal small-scale mining (c), rice in
ﬂooded paddies (d), tavy (e), and tobacco (f).
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Dense forests are not only disturbed by the actual mining, which involves heavy use of water
and digging (Figure 7), but also by deforestation linked to miners’ subsistence (e.g., tavy for crop and
clearing of land for housing; see statements in Appendix A.3). While the RPG offered the opportunity
for researchers and locals to explore different management scenarios, the follow-up survey after the
game workshops served as a tie to the real world, allowing the elicitation of perceptions of forest
governance and enforcement bodies (see also Appendixs A.4 and A.5). The statements stem from
the survey questionnaires, and they all relate to the real world (not the game). When players were
asked about their opinion regarding the state of forests if there was no protected area, the majority
indicated that it would be worse without such a governance system, and that the existence of VOIs
prevented people from exploiting forest in the protected area, but only as long as these provided
sufﬁcient output. The presence of enforcement bodies was also judged inﬂuential. The consensus
amongst the game workshop participants was that local management would still be best suited to
serve the local population, who has livelihood security as the highest priority.
Perceptions of forest users on forest governance in real life:
“All forest may be destroyed but the park would be used as last recourse.” (W1P3)
“As long as there is no manager, people always take advantage of it to clear the forest in secret.
Also, the chef de cantonnement only comes very rarely.” (W2P3)
“We are so afraid to enter and use the forest, whatever its status, but we still dare because a lack
of options.” (W4P1)
“Communities ﬁrst use the VOI forest and once it is fully depleted, communities will be forced
into the protected area as they need to use the forest and its resources.” (W4P2)
“If there are only state forests and the park, the state forests will be degraded ﬁrst. On the
other hand, the presence of forests managed by communities prevents them from entering the
reserve.” (W5P4)
“If there is nobody in charge at the local level, the forest will be destroyed, even in the protected
area, starting from the outside.” (W6P4)
The principal problems players observe in forest management in the real world are mostly related
to (mis)communication, the fuzziness of responsibilities, and the lack of power.
“ANGAP (new MNP) does not allow the local population to enter the park, but the staff enter
the park to harvest the wood and sell it. Only ANGAP staff beneﬁt from the Park’s presence and
there are no tangible beneﬁts to the communities. If there are people from the riparian community
who want to harvest or cut, they do not get authorization, yet the big exploiters do not have that
problem. In sum, the Zahamena forest is protected but there is no consideration of the subsistence of
the population.” (W4P5)
“For the VOI forest: It is the people outside the local communities and the leaders who actually
manage and exploit the forest. As far as the Park is concerned, it is an NGO that manages it with
foreigners, which is why the forest is protected. If we let the Malagasy manage, the degradation could
not be prevented.” (W4P1)
“There is not enough collaboration and support from ANGAP and the chef de cantonnement.
For example, the construction of a dam for agriculture, so that communities are obliged to progressively
expand their ﬁelds for cultivation on the edges of forests.” (W5P5)
“There is not enough communication with local people from forest management.” (W6P4)
“The institution of the VOI is nothing but a name; it has no management power. If people with
an authorization from the chef de cantonnement come to exploit, the VOI remains powerless. If people
change their land to cultivate, the reason is that the soil of the plots they used until then are no longer
productive. Exploitable lowlands for irrigated rice cultivation exist but without a dam, farmers prefer
to exploit forests.” (W6P5)
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4. Discussion
In Madagascar, the impacts of policies to involve local resources users in forest management
remain unclear. This study explored farmers’ perceptions and practices regarding forest use under
various forest governance systems with the help of a role-playing game and accompanying research.
The land-cover mapping results indicated that during the past 25 to 30 years—since the
inception of the National Environmental Action Plan (NEAP)—deforestation of dense forests or their
transformation into degraded or other land-cover types led to a loss of almost 100,000 hectares in the
Zahamena area. While the general trend of transition from dense to sparse/degraded forest is readily
apparent and easily explained, the less dominant transitions and interplay between other land-cover
categories requires further efforts for more robust, thorough, and tangible context. For example,
there is an increase in sparse/degraded forest observable in the western portion of the study area
beyond the borders of the Zahamena National Park. This transition from grass/shrub-dominant areas
and those dominated by wet agriculture to sparsely forested areas, while possible, requires further
investigation, conﬁrmation, and explanation. Despite the accuracy of the mapping results, the maps
resulting from this study and their associated dynamics should be considered preliminary. Additional
ground reference is required to further reﬁne class deﬁnitions, provide additional examples of all
targeted categories, and ultimately help contextualize all observed transitions. Bearing in mind the
uncertainty associated with less common and more subtle changes, it is clear that, overall, throughout
the study area, there was a substantial shift from dense to sparse/degraded forest, and that the vast
majority of this change occurred beyond the boundaries of the Zahamena National Park. In addition to
overall loss, mapping and dynamics results illustrate that areas of continuous dense forest already had
wedges of sparse/degraded forest in 1990, which, in many areas, were since enlarged and completely
cleared of dense forest. This trend supports the ﬁndings of Reference [11], which showed that almost
half of Madagascar’s forests are now located less than 100 km from a forest edge. A problem that
should not remain ignored is the loss of forest quality (cf. Reference [65] linking fragmentation and
biodiversity loss). Globally, focus has been to date on forest lost, but studies like Reference [66]
highlight that loss of forest quality is under-researched in the Brazilian Amazon, contributing to much
larger-scaled losses having so far gone undetected.
Our study showed that deforestation is taking place in both scenarios, while forest quality loss
could be slowed down in the second scenario through different layers of governance, with some
players mentioning being hesitant to enter the protected area. Though there was no difference
between the two scenarios for most variables, it was interesting to see that there were more signiﬁcant
differences between the workshops far from the forests versus the ones close to Zahamena. This is not
a coincidence, as distance to resources was shown to play an important role, as found for example
by Reference [67] in the context of lemurs and the protected area at Lake Alaotra, a wetland complex
just west of Zahamena. Similarly, Reference [24] depicted that people were more attached to forests in
Manompana, some 200 km to the north of Zahamena, when living closer to forest edges. In our game,
people closer to the Zahamena protected area did deforest and degrade forest less than those from the
Vavatenina (eastern Zahamena) side. One reason could be that people living close to forests “care” more
since they see the obvious beneﬁts of having forests as a livelihood resource (e.g., References [25,68]).
Or, people living further away may have already “forgotten” the forests, as most of the bigger forest
vestiges were cleared off more than a generation ago.
While a number of studies documented that forest governance is not working due to a combination
of lack of ﬁnancial, human, and technical resources [37,69,70], it remains unclear what exactly is
not working. In addition to these resource shortages, there are also those assigning fault to an
incompatibility and a misalignment between village managers and the Forest Administration—an
issue highlighted during the interviews conducted in this study, where local participants expressed
their frustration about the power dynamics at play. Pascual and colleagues [71] put forward the
crucial importance of equity when developing and implementing payments for ecosystem services.
Power imbalances that are not taken into account during the design phase of instruments, and a lack of
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cultural and social consideration were shown to inﬂuence ecological outcomes. Here, we gained deeper
insight from farmers’ (rural resource users’) perspectives. One main aspect related to governance
emerged during the game workshops: the fear of crossing boundaries, i.e., the fear of ﬁnes from
the state authorities. In the game, the Forest Administration was represented by a member of the
workshop organizers positioned “far away” from the main game table. During a full game session,
he/she was seldom visited, since most players did not believe they would receive proper support or the
right permits. However, the presence of the Forest Administration, or the knowledge of its existence,
was reason enough to slow down the crossing of the park boundaries in the game. Only when
the population pressure grew bigger and livelihood needs were more difﬁcult to satisfy did people
start entering the protected area. At the end of each round, every household grew by one family
member, which translated into a doubling of the household, and therefore, of the total population.
This mechanism was implemented intentionally to reﬂect the reality of the Zahamena area.
The biggest concern for all game workshop participants was livelihood security. Land represents
the biggest investment, and forests are seen by many as a reservoir for future agricultural production,
since agricultural production—annual crops or cash crop production—is the sole way of ensuring
subsistence and/or creating additional income. During the game, participants ﬁrst tried to meet their
livelihood needs outside forests, and supplement this with activities within forests. The ﬁrst occupied
forest parcels were those managed by the local communities (VOIs). Reasons for this were that the
parcels were seen as belonging to them; therefore, they feared no consequences despite the risk of
breaking the local laws (dina), or that possible ﬁnes issued by VOI members would be less severe than
in the case of parcels under the management of the Forest Administration.
As conﬁrmed in this study, VOI representatives lack authoritative power, as social bonds
are de facto suppressing efﬁcient law enforcement [72,73]. A central problem revolving around
community-based natural resource management (CBNRM) is the use of the term “community”.
As already stated by Berkes [74], communities are not homogeneous entities, but consist once again of
a large number of different interest groups and power relations. This can hamper any community-based
initiatives, be it in a governance or conservation context (e.g., Reference [75]). In Antanandava, between
4% and 82% of households adhere to the local VOIs (1–23% of the local population), and most VOIs
are yet to receive their ofﬁcial contracts for management transfer, due to a lack of funds to undertake
the necessary evaluation for contract renewal. This abeyance is causing further conﬂicts in forest
management including mismanagement, illicit exploitation, threats against VOI members (as also
known from other sites), and conﬂicts within the associations.
In the Zahamena area, VOI-managed forests, i.e., under a CBNRM regime, are the ﬁrst to be
depleted. A majority of the VOIs around the Zahamena currently do not have a proper status: Either
they were signed in to the GELOSE but their contracts expired and are awaiting renewal, or they are
awaiting signing since the GELOSE enactment. In both cases, there is de facto no functional VOI,
and thus, the communities do not respect any leaders of these associations. There is a general mistrust
in authorities, starting at the VOI level where community members blame those in charge of abusing
their power and knowledge. This translates up the authoritative ladder to the Forest Administration
and the MNP. Another issue is the quality of reporting (or lack thereof) by the VOI to the Forest
Administration. Community members in charge are either not used to writing reports, or the Forest
Administration agents do not understand what the locals are reporting, and thus, ignore their messages.
Adding to this is the lack of monitoring from the Forest Administration side, which is supposed to
ensure that the VOIs are functional. The current under-stafﬁng of the Forest Administration and the
MNP, however, does not allow ensuring the VOI’s functionality.
In our research, participants of the game workshops found that real-life issues were clearly
reﬂected. Nevertheless, games are “only” models, and thus, have their limitations (e.g., Reference [76]).
They are not about forecasting or anticipating futures; rather, they are about providing discussion
platforms. Gaming is an extremely powerful tool to do so. Role-playing games allow one to recognize
reality, and to discuss, explore, and experience different potential management regimes, future
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scenarios, or climate changes and their respective implications—while being distant enough from
reality to learn and exchange in a safe environment. RPGs are not just models reﬂecting more or
less detailed versions of reality; more importantly, they are fun and allow participants to forget
their day-to-day struggles. This enjoyment also means that engagement is high, and discussions are
more meaningful because participants feel personally involved. The game workshops represent a
“safe space” where people are able to freely discuss and voice issues, concerns, and critiques, when there
is usually a fear of repercussion. Bridging the virtual and real world is facilitated by the gamescape
(game board) and subsequent debrieﬁng discussions [77]. These settings allow the participants to
explore their own livelihood situation, and enable them to visualize what their individual decisions,
e.g., the “household level” in the game, may have at the landscape level. In another game (the Alaotra
wetland game) [78], several players mentioned that the context of the game workshop was the ﬁrst
time that they actually looked at the system as a whole. This gave them the opportunity to think not
only within their respective “space of activity” (e.g., their piece of land in the marshes), but to think and
experience the connectedness and linkages of all the zones in the landscape. For researchers, tracking
the decision clues, such as type, frequency, and spacing of activities, increased the understanding of
livelihood strategies of the main actors in the Alaotra wetland [78]. Projects like AlaReLa (Alaotra
Resilience Landscapes, 2014–2017) bring together various stakeholders by participating in games such
as the one presented in this study to explore possible future scenarios. Doing so can help strengthen
these stakeholders’ capacity to better cope with changes and future shocks (e.g., Reference [79]). In the
long run, this might help regional decision-makers to better balance conservation and development
goals, and it might ease local communities into becoming a more integrated part of the decision-making
process. As stated by Reference [80] (p. 101), “Economic and ﬁnancial policies have not provided
much support . . . reﬂecting in part the very low political weight of the rural and farming population.”
The game approach is certainly not a panacea, but it allows engaging with various stakeholders that,
structurally, would otherwise not have the chance to voice their experiences.
5. Conclusions
This study was interested in exploring farmers’ perceptions and practices in the light of CBNRM
at the local scale using a case study in the Zahamena region of Madagascar, as well as providing
local perspectives on existing livelihood–forest dynamics. The National Park of Zahamena suffered
from deforestation and degradation, mainly in the northeast, while the remaining park boundaries
are mostly respected by surrounding communities. This shows that the protected area does have an
effect—if only slowing down deforestation and degradation. In that light, even community-based
and managed forests play a precise role of buffer forests, able to absorb the ﬁrst larger wave of
anthropogenic pressures. However, once these are depleted, no park boundaries will be able to halt
people in search of subsistence. CBNRM may be a short-term solution, but it is not a sustainable
stand-alone one (cf. Reference [81]). Given the complexity of current forest governance, the solution
cannot be imposed top-down, as pushed by the international community in the 1990s decentralization
effort. Boundaries will be ineffective as long as people’s livelihood situation is not improved. The only
option for the majority of rural resource users is to transform any land they can access. Without access
to better education, agriculture is their only guarantee of survival. Thus, long-term solutions for forest
conservation needs to come from outside of forests—from agriculture. Although currently a global
driver of deforestation, improved and sustainable agriculture could allow land users to increase their
per capita and land unit production (e.g., References [82–84]). This could come in the form of access to
new tools, techniques, and land-use rights. However, this bares two important risks. Firstly, despite
better production, people will deforest even faster and more efﬁciently, and/or, secondly, any new
agricultural development program will not be accepted and embodied by the local population—as
is the current case with VOIs—while further deforestation takes place. Thus, participatory gaming
approaches have the potential to help the rural poor by opening up opportunities for knowledge
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exchange, developing shared understandings through the elicitation of mental models that juxtapose
multiple worldviews, and by exploring different possible futures.
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Appendix A.
Appendix A.1. Approaches Used during the Game Development Process
All research described in this publication followed the ethical code of conduct and
recommendations by Wilmé and colleagues [85], i.e., all participants were ensured anonymity and
conﬁdentiality unless wished differently from the participants themselves.
Appendix A.1.1. Diagnosis Phase
The game development was informed by results from ten focus groups (42 local participants)
and eight expert interviews with local and regional authorities from the Municipalities, Forest
Administration, and MNP (Madagascar National Parks). Additionally, this phase was complemented
with interviews with local resource users, mainly farmers (n = 36), miners (n = 30), and further
authorities (n = 17), to triangulate and verify the output of the focus groups—including
ethno-photography of sciences (for an explanation, see page 6 of the manuscript).
In a ﬁrst step, three focus groups were conducted in the respective villages tackling different but
complementary themes: (i) types of land use and land status; (ii) land-use rights and rules for each
type of land use; (iii) VOI functioning and rules of land use and forest use (mainly those assigned to
the management of VOI).
Participant selection for focus groups (FG) 1 and 2 was based on the following criteria: (i) main
activity in agriculture; (ii) aged 20–60, (iii) origin (locals and migrants); (iv) gender balance;
(v) familiarity with the practices and rules applied in the fokontany (village); and (vi) belonging
to different households. For FG3, the presence of simple VOI members was intended as their views on
the rules on the use of forest resources in practice and the roles actually played by VOIs, as well as
their personal position to that, could be different from those of the bureau members. The criteria were
communicated to the chief fokontany or village chief and he was in charge of ﬁnding the participants.
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Table A1. Details on the focus groups (FG) of the diagnostic phase. VOI means vondron’olona ifotony,
being an association of rural stakeholders involved in natural resource management.
Parameters

Focus Group 1

Focus Group 2

Focus Group 3

Topic

Identiﬁcation of
land-cover types:
characteristics,
the existing and used
resources.
Land tenure dynamics.

Land tenure rules for each land use:
rules and rights in force (who can do
what, where does this right come from,
what are the problems/conﬂicts
encountered, etc.).
Land acquisition patterns and types of
land transactions.
Evolution of rules over time and space.

Role and function of VOI
in forest tenure.
Views of VOIs on the use
of forests and
community mgmt.
VOI links with the
forestry administration
and the NPM.

Participants

4: 2 men and 2 women

6: 3 men and 3 women

4: 2 ofﬁce
members maximum

Age

Belonging to different age groups: young people (20 to 30 years) and adults

Origin

Residents

Autochthonous and migrants

-

Main activity

Agriculture

Agriculture

-

Others

Knowing the reality in the fokontany (village), able to discuss in group

The interviews were mainly used to complement and cross-check the information obtained during
the FGs and also to gather the views of key informants, i.e., public authorities at the commune level
and forest managers at regional or district level.
Table A2. Details on the interviews with regional and local authorities.
Authority (n = 8)

Interview Topics

−
Fokontany (village) chiefs, or their assistants

−
−
−
−

Knowledge and application of land and forest laws by
the fokontany
Roles and implications of fokontany in land matters and
use of different forest types

−
−

History of Zahamena National Park
The rules and laws in force
NPM interventions in park management and
surrounding crop plots
Offenses and infringements encountered, problems
Involvement of local communities in management

Forest managers (Head of Forestry, Director
DREEF Alaotra-Mangoro)

−
−
−
−

Rules and laws in force concerning forests
Procedures to be followed for forest resource uses
Situation/problems of management transfer to VOI
The main offenses and infringements encountered

Land Ofﬁce Agent Antanandava and
Deputy Mayor

−
−

Role of the land ofﬁce
Mode of land acquisition and land security in the locality

−
−
−

Mode of accession to land
Land transfer procedures
Flaws in land management and problems faced by
the service

Sector Head of Zahamena National Park

Service domain
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Table A3. Details on stakeholders and approaches that further complemented the above-described
ones; VOI means vondron’olona ifotony, being an association of rural stakeholders involved in natural
resource management; NP means National Park.
Participants and Approach

Topics

Details

Authority interviews
(n = 17)

Main sources of income of the population
Main uses of the open landscape (in terms
of agriculture)
Problems related to tavy (slash and
burn) practices
Circuit ﬂow of agricultural products and
market problems *

Mayor and Deputy Mayors of the communes
Ambohijanahary, Antanandava, and Vavatenina
Agricultural Service Center of Vavatenina
President of Water Users around Lake Alaotra
Presidents of the VOI of Antanandava
Chief sectors responsible for the conservation of the
NP Zahamena-Antanadava and head of the
conservation component of the NP at Fénérive Est

Miner interviews
(n = 30)

Participants’ perceived impacts of mining,
on a personal and community level **

The village heads helped in the search for miner
participants, in order to follow the cultural etiquette.

Farmer ARDI
(n = 19)

Problem deﬁnition
Main actors involved
Resources needed for this use: land tenure,
existing labor management systems
Dynamic: ecological changes and dynamics
on the evolution of forest cover, open and
swampy landscapes

In three workshops; village heads helped in the
search for suitable participants.

Ethno-photography of sciences

What is your landscape? Which aspects are
missing in the presented pictures/should
we include and why?

Random selection on village markets; criteria:
natural resource users and village residents

* For a detailed account on this, see Ravaka and colleagues [86]. ** For a detailed presentation of farmers’ perceptions
on mining, see Stoudmann and colleagues [87].

Appendix A.1.2. Game Development and Calibration Phase
The RPG was then tested and adapted during 11 workshops with 60 participants (university
students from the forestry department in Antananarivo, natural resource users from the study area,
conservation NGOs from the Alaotra, and Forest Administration members). Another nine workshops
with 45 participants (all natural resource users from the study area) served to calibrate the game.
Calibration was based on implicit reality, where game components and activities were still meaningful
to the players. A ﬁnal test workshop with villagers living close to the Zahamena forest helped to
structure and ﬁne-tune the actual data collection workshops.
For ﬁeld workshops during the development and calibration phase of the game, the main criteria
for selecting participants were as follows: living in the village, subsistence activity based on agriculture
and not having played the game before, and gender balance whenever possible.
Appendix A.2. Game Description of the Zahamena RPG
The course of the game was the same for both scenarios. At the beginning of each scenario,
the general course and the rules of the game were explained with the help of a poster that was
displayed in the room (Figure A1). The ﬁve players each chose a color and receive a colored badge with
a corresponding number, as well as same colored pins (game tokens to mark their plots) so that the
research team could easily follow their activities. Each player represented one household, and received
a starting capital of 2500 game money. They then consulted together for about two minutes to deﬁne
the location of their village and mark the chosen parcel with small houses that were given to them.
Players could then start investing their money at the market to receive seeds and compost, and to
do activities on the game board; prices of the activities on the market were displayed (together with
the corresponding images of the activity cards, to facilitate the “reading”). Players placed their colored
pins on the parcels that they used on the game board. At the beginning of round 1 of each scenario,
each player was to use at least three parcels. At the beginning of each new round, players could decide
to mark new parcels with the help of their colored pins. It was possible for two or more players to
mark the same parcel, but they had to agree amongst themselves on how to use the parcel (in turn,
or at the same time and share costs and outputs), the activity they were going to do, and the proportion
of cost sharing and production.
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Figure A1. Course of the forest game. This poster illustration was used to explain the general course
and rules of the game to the players.

At the market, players bought the activities (in the form of cards) that they did and then placed
the cards on the parcels marked with their pins (Figure A2). Players could only put one activity card
on a parcel, except for fertilizer and ﬁrebreak, as these were supplements to a main activity. In the
rice ﬁelds (blue cover), only rice could be cultivated. Mining could only be done in the forest plots
(green cover), while logging and charcoal could be done in forest plots and also in tanety plots if there
was reforestation (brown cover; see details in Figure A2). All other activities could be done both in
the forest and tanety plots. At the beginning of round 1, players had 10 minutes to shop at the market
and place the activities on their marked parcels. For the remaining rounds, this time was reduced to
ﬁve minutes.
The productions obtained by the players varied according to plot fertility and climate conditions.
To account for the decline in fertility as plots were used, parcels were marked with colored points
with each use. The facilitator used this coding system to determine the fertility, i.e., production
output. To determine the climate during the round, the facilitator used cards: there were two “good
climate” cards, two “insufﬁcient rain” cards, and one “drought” card in the stack, each having a
different impact on agricultural output. The order of the climate cards was predeﬁned for data
collection/comparability. However, this fact was unknown to the players to maintain the impression
of random effects of the climate on the agricultural production and to see how players dealt with
unpredictability. After announcing the climate to the players (good weather, drought, good weather,
drought, insufﬁcient rain, insufﬁcient rain), the facilitator counted the production of each player’s
activities and gave them the sum in the form of money. This sum could be determined by looking at a
pre-existing table summarizing the productions of different activities depending on the climate and
making the necessary calculations.
At the end of each round, players had to pay livelihood costs corresponding to their yearly
expenses, i.e., representing (non)consumables which they did not produce themselves. At the
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beginning, the cost of living was 2500 for ﬁve persons. After each round, a person, i.e., 500, was added
to each household, so that the population doubled at the end of each scenario. The payment of the
living costs in its entirety was obligatory (see details below, what happened if players could not
afford it). Before the next round started, the game facilitator removed pins from marked but unused
forest patches.

Figure A2. Original game board with tokens, pins, and the symbols indicating agricultural activities.

When a player placed an activity in the forest, the trees were removed and there could be changes
in cover, depending on the chosen activity.

•

•

Firewood. Each round, players had to collect ﬁrewood in the form of stacks of wood in the forest
plots. The number of stacks of wood to collect was equal to the number of people in a household.
Players could still take more stacks of wood than necessary and keep the surplus for the next
rounds. If a player failed to obtain the required number of stacks of wood, he had to cut a tree if
the number of stacks of wood missing was less than ﬁve and two trees if the missing number was
greater than ﬁve. However, if the player had a reforestation plot (aged from T2 = 10 years), it was
assumed that he collected his ﬁrewood in his reforestation plot and no longer needed to cut trees
in the forest.
Living costs. When a player did not have enough money to pay the obligatory costs of living at
the end of a turn, he had to cut down a number of trees proportional to the amount he had to pay
(one tree = 250). Each forest cell carried 10 trees and two piles of wood (corresponding to dead
branches collected for ﬁrewood). The piles of wood were renewed at each turn in the following
way: if the number of trees in the parcel was greater than ﬁve then there would still be two piles
of wood; if the number of trees was less than ﬁve, there would be one pile of wood; if there were
no trees on the plot, there would be no pile of wood.

Clearing cards. When there was a crop for the ﬁrst time on a forest plot, it was assumed that there
was clearing and burning. Since the behavior of the ﬁre was unpredictable due to factors such as wind,
burning method, etc., cards were drawn to ﬁnd out what happened. In total, there were 10 cards in
three categories: (i) two cards: no ﬁre spread to neighboring plots; (ii) four cards: spreading of ﬁre in
four different directions; (iii) four cards: obligation to make a ﬁrewall. If the player made a ﬁrewall
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before the card was drawn, then the card was cancelled. If there was not yet a ﬁrewall, the player was
obliged to pay a ﬁne deﬁned by the other players.
Forestry Administration. At the beginning of Scenario 1, we explained to the players that all the
activities related to forests were the responsibility of the forest administration and that if they had
any questions, they had to ask the manager, who stayed far from the play area (e.g., a neighboring
room). The decision to go see the quartermaster was entirely up to the players. The time allowed
for discussion with the quartermaster went hand in hand with the time to buy the activities at the
market. The authorizations given by the quartermaster were only valid for one round and had to be
renewed if necessary. At the end of round 2, the quartermaster made an appearance to raise awareness
among the players. During round 3, he made another appearance and sanctioned players who did
an activity in the forest during the round without authorization. The players had to go to the head
quartermaster’s ofﬁce to pay the ﬁnes. This was to see if the players had the initiative to pay the ﬁnes.
The quartermaster did not make any appearances during scenario 2.
A debrieﬁng followed the ﬁrst scenario, allowing the discussion of gaming behavior and
strategies, to bridge game characteristics and reality, and to exchange on underlying mechanisms
and relationships.
At the onset of scenario 2, the facilitator explained the observable changes on the game board
to the players and elaborated on the forest management rules that followed. Players were invited
to consult each other; one of them was chosen as a volunteer for the CLP (Local Committee of the
Park); he or she oversaw the surveillance and the protection of the protected area. Another player
was elected as VOI president. Rules for the use of the VOI forest/community forest were discussed
amongst the players. The CLP was provided with monitoring sheets for infractions in the protected
area, which he completed each turn. Sanctions against activities in the protected area depended on the
report made by the CLP. Once all the roles were assigned, the game session with scenario 2 started and
the sequence was the same as for scenario 1.
Table A4. Statistical Analysis of Players’ Gaming Behavior and Land-Type Changes. Statistically
signiﬁcant differences between (i) Scenario 1 and 2 for very degraded forest; and (ii) between workshops
1–3 vs. 4–6 for the remaining variables. A Welch two-sample t-test was used with the R software
version 3.0.3.
Sample Estimates

95% Conﬁdence
Intervals

Variable

t

df

p

Very degraded forest (S1–S2)
Livelihood
Moderately degraded forest
Very degraded forest
Completely deforested plots

2.1038
4.3275
2.2297
2.1038
−2.3073

51.764
202.23
62.928
51.764
47.361

0.04028
2.37 × 10−5
0.02934
0.04028
0.02545

0.01791148
6507.807
0.05763622
0.01791148
−1.14383016

0.75986630
17402.060
1.05347489
0.75986630
−0.07839206

Mean of x

Mean of y

0.6388889
17975.667
1.2222222
0.6388889
0.3055556

0.2500000
6020.733
0.6666667
0.2500000
0.9166667

Table A5. Statistical Analysis of Players’ Gaming Behavior and Land-Type Changes. All game
variables that showed a statistically signiﬁcant difference between Scenario 1 and 2 are listed below.
A non-parametric Wilcoxon rank sum test with continuity correction was used with the R software
version 3.0.3.
Variable

W

p

More in

Clove in tanety (number)
Reforestation in tanety (number)
Maize/bean in forest (number)
Activities in forest (total number)
Loss of forest to maize/bean
Active loss

10,176.5
11,930
12,530.5
13,631
12,223.5
13,109

0.02893
0.02396
0.0145
0.0008079
0.002153
0.004556

Scenario 1
Scenario 1
Scenario 1
Scenario 1
Scenario 1
Scenario 1
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Table A6. Statistical Analysis of Players’ Gaming Behavior and Land-Type Changes. All game variables
that showed a statistically signiﬁcant difference between workshops 1–3 vs. 4–6 are listed below. A
non-parametric Wilcoxon rank sum test with continuity correction was used with the R software
version 3.0.3.
Variable

W

p

More in

Charcoal in forest (nb)
Forest exploitation (nb)
Restoration exploitation (nb)
Fertilizer, big (nb)
Fertilizer, small (nb)
Reforestation in forest (nb)
Maize/bean in tanety (nb)
Mines (nb)
Tobacco/cassava in forest (nb)
Tobacco/cassava in tanety (nb)
Firebreak (nb)
Rice in forest (nb)
Activities (nb)
Loss for livelihood (nb)
Forced loss (nb)
Production (nb)
Reforestation tanety (nb)
Maize/bean in forest (nb)
Activities in forest (nb)
Active loss (nb)

12,000
13,275
10,800
7651.5
7622.5
10,579
8170
12,675
9841
9615
9660
12,075
8199
8092
7862
13,796
10,434
12,601
14,484
14,602

0.01529
6.608 × 10−7
0.01361
3.422 × 10−8
1.194 × 10−7
0.03441
8.176 × 10−7
6.965 × 10−6
0.0007592
0.0003511
0.004117
0.006133
4.127 × 10−5
2 × 10−8
1.465 × 10−7
0.0007046
0.006736
0.009898
5.352 × 10−6
3.137 × 10−7

W1–3
W1–3
W4–6
W4–6
W4–6
W4–6
W4–6
W1–3
W4–6
W4–6
W4–6
W1–3
W4–6
W4–6
W4–6
W1–3
W4–6
W1–3
W1–3
W1–3

Table A7. LandSat Accuracy Classiﬁcation. Confusion Matrix Produced for Classiﬁcation of August
2014 Landsat Data using Independent Validation Data.

Dense forest (1)
Sparse/degraded forest (2)
Grass/shrub-dominant (3)
Soil-dominant (4)
Water (5)
Vegetation swamp; wet agriculture (6)
Total
Producers (%)
Amission (%)
Overall
Kappa

1

2

3

4

5

6

Total

Users (%)

Commission (%)

45
0
0
0
0
0
45
100
0
99.6
0.99

3
45
0
0
0
0
45
100
0

0
0
36
0
0
0
36
100
0

0
0
0
36
0
0
36
100
0

0
0
0
0
36
0
36
100
0

0
0
1
0
0
35
36
97
3

45
45
37
36
36
35
234

100
100
97.3
100
100
100

0
0
2.7
0
0
0

Appendix A.3. Perceptions on Livelihoods and Change in the Zahamena Socio-Ecological System (Statements of
Miners in Interviews, and Farmers in Game Workshops)
“Quarries and mines are not the same as they used to be—there are many more today. It is a good
thing, as its consequences for myself are that I can buy more things as my standard of living increases.”
(I3, Vohimarina)
“Today Zahamena has also become an exploited area—there are many crystals and rubies there,
with high prices. It is a bad thing because the protected area is getting destroyed and this leads to
decreasing rain and volumes of water.” (I6, Vohimarina)
“It (mining) leads to forest destruction and decreasing numbers of animals, as they have
to cut down forests to exploit the mines. It has also led to an increasing number of bandits.”
(I18, Antanandava)
The Alaotra region is the rice granary of Madagascar. This crop is the staple food in Madagascar,
and Malagasy tend to eat rice three times a day if they can afford it (cf. Figure 7).
“Rice farming is fundamental and it must be done because rice is irreplaceable.” (W6P3)
“Even if one has a lot of money but not enough rice, then all the money will be spent on buying
rice for consumption.” (W6P5)
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Slash-and-burn agriculture, or tavy, is the typical feature of the Zahamena socio-ecological system.
This land clearing and transformation into crops is slowly eating the national park (Figure 6), home to
13 different species of lemurs [88].
“As we do not own irrigated rice paddies, we maintain our livelihood with tavy.” (Focus group
participant FG2, Ambongabe)
“(We continue to practice tavy because) arable land, especially the horaka (irrigable rice ﬁelds) are
insufﬁcient, so one has to do it in the face of demographic growth.” (W1P3)
“The population is experiencing strong demographic growth, livelihoods are becoming more and
more difﬁcult, land is no longer enough, so this means that people are progressively using the edges of
the forests.” (W4P5)
Appendix A.4. Perceptions of Farmers on the Best-Suited Forest Management System (Statements of Game
Workshop Debrieﬁngs)
The consensus amongst the game workshop participants is that local management would still be
best suited to serve the local population, who has livelihood security as the highest priority.
“Management by the VOI (out of the three governance systems is best suited) because the forest
has already been given to the community; if it is exhausted, then we have to move to other types of
forest.” (W4P1)
“The VOI system because there we are less afraid. (W4P2)
“It is better to let the local population manage the forests; this way, we have enough arable land
and there are no more constraints because of administrative procedures; we no longer need to move far
to the chef de cantonnement, it is enough to set up a dina to handle the cutting of large-diameter wood.
Prioritizing land availability over the long term is more important than protecting the forest.” (W4P5)
“The actions must be prioritized to improve the standard of living and the livelihoods of local
populations if we want to protect the forest.” (W6P5)
Still, other participants would prefer a protected area system and/or state control over the forests
to ensure their protection.
“The protected area because it is more difﬁcult to discuss and confront the managers. If a person
is designated (among the villagers), decisions are generally not respected.” (W1P1)
“In addition (to VOI), the central management should take over the work of the chef de
cantonnement; respect and correctly apply the regulations without distinction or exception.” (W1P4)
“The protected area because the managers show no mercy and they do not hesitate to call on
gendarme.” (W2P2)
Appendix A.5. Authority Perceptions of Forest Governance Issues in the Alaotra Mangoro Region
Statements or information stemming from local forest governance authorities are listed ﬁrst,
followed by statements from regional, more distant ofﬁces.
“VOIs are not able to play their role in forest management for various reasons: dina (local laws and
rules) are not respected. Forest patrols are irregular for lack of compensation; declarations of violations
to forest regulations are not reported for fear of being threatened and rejected by the community whose
majority are not members of VOI. Members who have registered are either not active and/or do not
pay their annual dues. Slash-and-burn agriculture and logging are common practices in VOI-managed
forests as controls in the Zahamena Protected Area are more strict.” (VOI Presidents, Antanandava)
“(The problem is the) lack of staff and means of the agents to ensure the forest controls especially
in the few remaining state forests. In cases where the forest agents notice an infraction in the forest
areas, they can appeal to the authorities like the gendarmerie, but that requires ﬁnancial means.”
(Staff member of the cantonnement forestier, Vavatenina)
“Much of Zahamena National Park is part of the Ambatondrazaka district, while MNP staff in this
sector is understaffed. ( . . . ) The practice of tavy is a traditional mode of cultivation where peasants
move to clear one plot after another; forests managed by VOI juxtaposed with the protected area are
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the most affected by this practice, despite the measures taken, such as the use of ﬁrewalls and forest
patrols, ﬁres arrive right into the protected area.” (MNP, Antanandava)
“The advantages of VOI are that those managing the resources live in proximity to them. Members
are volunteers, and therefore, protective and motivated (sic). It is a way to give rights to communities
and allow them to manage the resources on which they depend. The royalties from this management
(ecotourism, value added from natural resources) allow the communities to ﬁnance this management.
( . . . ) The issues with VOI are that the members are farmers and ﬁshers, so often poor and uneducated.
Local rules are not always compatible with regional legislations. ( . . . ) A big issue is the monitoring of
each VOI, as there are 200 of them in the Alaotra region, and the Ministry does not have the funds and
staff to do this. There are certain NGOs that help with this task. Many VOIs need to be revitalized,
but here again there are ﬁnancial issues. Since the crisis (January 2009), no new VOI contracts have
been signed.” (Ministry of the Environment, Ecology, Seas, and Forests, Ambatondrazaka)
“The Ministers are constantly changing, and there is no time of stability, so no long-term vision
can take place. Thinking one or two years in the future is not done. Work is always in the short-term.”
(Ministry of Fisheries, Ambatondrazaka)
“Before, 2000, the Forest Administration distributed tavy to communities bordering the forests,
but with the new policy no more permits are issued for this activity. The Forest Administration lacks
personnel, materials, and equipment; the areas of intervention are far, so we cannot monitor the savoka,
that is why we decided to no longer issue clearing permits.” (DREEF Alaotra-Mangoro, regional
director, Ambatondrazaka)
According to the DREEF (Directeur Régional de l’Environnement, de l’Écologie, et des Forêts),
problems with the transfer of forest management to VOIs are as follows: (i) the possibility of local
conciliation cannot be ruled out; for example, if the written request is inferior to the actual demand,
the quantity is distorted and the surplus of the right belongs to the management committee. (ii) There
are still gaps where the sanctions are not well deﬁned; there is no big difference between forests
transferred or not. (iii) During the management transfer application process, the Forest Administration
is only involved by the project promoters at the signature request stage so that many anomalies in the
documents can be identiﬁed—resulting in the contract not being approved and having no continuation.
In some cases, these requests are mainly for operational purposes, which is why the Administration
must remain cautious with regard to requests for transfer of management. (iv) There is no close
cooperation between the Forest Administration and the MNP; the Forest Administration is usually
consulted only in case of force majeure.
“The problem with the management transfer around the Park (Zahamena) is that the consultants
who worked on it did not involve the Forest Administration. Therefore, the status and especially the
role of the VOI is only in name and the transfer of management is unsuccessful, and the contract is
not signed or implemented. ( . . . ) It is for consideration of the subsistence of the population living
in areas without irrigated rice ﬁelds that the state has given authorizations for the clearing of dense
forests. This authorization has validity—it is as if the community borrowed the land from the state for
a period and, after the harvest, these people have no rights over the land they used. However, people
conceive that the land becomes their property once they have obtained an authorization. ( . . . ) The
forest is a property belonging to the whole country, everyone must feel responsible for its protection.”
(DREEF Alaotra-Mangoro, chef de cantonnement, Ambatondrazaka)
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Abstract: Despite the potential of urban woodlands for recreational use and participatory
management, citizens’ perception of urban woodland quality, as well as the impact of citizens’
co-management on urban woodland quality, have not been thoroughly studied to date. The present
study investigated how residents in Holstebro, Denmark deﬁne urban woodland quality in their
neighborhood named Sletten and how they perceive the quality impact of their participation
in the management and maintenance of a transition from private gardens to public urban
woodland—the so-called co-management zone. Field survey of participation for all housing units
with a co-management zone (n = 201) informed strategic selection of residents for individual
interviews (n = 16). It was found that social, experiential, functional, and ecological dimensions
are all part of residents’ perception of urban woodland quality, whereby maintenance, accessibility,
and nature are dominating aspects of these dimensions. While these aspects are already integrated
in quality assessment schemes for other types of urban green space, our study revealed the
importance of structural and species diversity between and within woodland stands as central
for the perceived woodland quality—a quality aspect that distinguishes woodland from other types
of urban green space. Participation in the management and maintenance positively inﬂuenced
the perceived woodland quality. Residents found that their participation in the co-management
zone created functional and ecological, physical qualities in the woodland. Moreover, the active
participation provided the residents with a range of social and experiential beneﬁts, many of which
they themselves argue that they would have missed out on if they were only allowed to use the
woodland “passively”. These ﬁndings suggest a large—but also largely untapped—potential of
participatory urban woodland management to contribute physical qualities to urban woodlands and
beneﬁts to its users.
Keywords: green space quality assessment; user participation; urban woodland management

1. Introduction
Historically, forests are a natural and indispensable part of most people’s lives. People used
the forest and left their imprints in the form of winding tracks, traces of work and ﬁre, coppicing
of ﬁrewood, and so forth. People were dependent on the forests, all year round, and at all
times [1]. Only when modern methods of forest management were introduced in the 19th century
did forests become a ﬁeld of action for specialists, i.e., foresters [1]. Nowadays, “ordinary people” are
again claiming forests, not only for recreation, but increasingly also to participate as volunteers in
their management.

Forests 2018, 9, 670; doi:10.3390/f9110670

196

www.mdpi.com/journal/forests

Forests 2018, 9, 670

The increased focus on engaging local communities in their “neighbor-wood” is part of a
general governance trend toward increased user involvement in the management of local green space,
especially in urban settings [2]. This governance approach is due, in part, to widespread agreement on
the many beneﬁts citizens gain from using local green spaces such as urban woodlands [3,4], and the
importance of involving users in decisions regarding their everyday landscapes [5].
There are several societal trends currently affecting user involvement in the management of urban
woodlands (i.e., wooded areas more than 0.5 ha in size, located within an urban context) and other
types of urban green space (such as parks, street trees, and neighborhood green spaces). One of these
involves the cuts in maintenance budgets forcing authorities to ﬁnd alternative solutions to maintaining
public green space quality, including public–private partnerships and user participation [6]. Woodlands
constitute a vital component of urban green infrastructure in terms of both areal cover and ecosystem
service provision [7–9]. It is, therefore, particularly relevant and potentially beneﬁcial to involve
users in the co-management of urban woodlands. Despite this, there is a lack of knowledge on how
participation is affecting urban woodlands and their quality, something which is more studied in other
types of urban green spaces. Yet, in most studies, the beneﬁts of participation, including the physical
outputs to urban green spaces are assumed rather than empirically evaluated [10].
When local authorities involve users in public green space management, the different actors bring
different forms of knowledge to the process and, as a result, their participation may create green spaces
that differ from the results of management by local authorities and with other quality norms [11].
The few empirical studies conducted to date show that users participating in management can beneﬁt
through an increased sense of satisfaction with their neighborhood [12], greater recreational and social
use of green space [13,14], and an increased sense of attachment to the green space [5]. In empirical
studies where users’ physical participation is part of nature conservation, outcomes beneﬁting the
users involved, e.g., environmental awareness or social cohesion, are labeled “co-beneﬁts”, which are
either the ﬁrst step toward more direct beneﬁts to nature conservation or, sometimes, in conﬂict with
these [15]. The majority of empirical studies of physical participation in community woodlands in
the United Kingdom (UK) focused on outputs, e.g., number of trees planted, while only 21% studied
outcomes, e.g., enhanced neighborhood, or well-being [16]. Green space quality for users becomes a
secondary priority when nature conservation, rather than physical qualities in general, is the overall
aim. Fors et al. [10], therefore, argue that more empirical studies are needed to develop the knowledge
base on how user participation may impact green space quality for both users and the physical
environment. In the present study, a “co-management zone” (see deﬁnition in Section 2) in a publicly
accessible neighborhood woodland in the residential area of Sletten, Holstebro, Denmark was used as
a case study in an exploration of how urban woodland quality is affected by residents’ participation
in management.
“Quality” of urban woodland and other types of green space is a contested concept. Practically
all deﬁnitions and models of quality for a speciﬁc green space are debatable, and include some values
and world views of particular actors and interests while excluding others [17]. No global or universal
deﬁnition of quality exists; rather, the deﬁnition that is most appropriate varies depending on the
speciﬁc situation and context [18]. Claims that quality lies in the eyes of the beholder [11] and that
it is context-dependent [18] indicate that the concept is very subjective and practically impossible
to measure. That said, there are some aspects of public green space quality, in focus in this study,
that reﬂect general preferences, such as being well-maintained, safe places with vegetation [19].
These aspects are also reﬂected in existing assessment schemes and tools designed to measure green
space quality. The majority of these schemes and tools deal speciﬁcally with how green space quality
is associated with physical activity, an aspect also noted in earlier reviews [20,21]. However, quality
assessments of green spaces on a regional or national scale become synoptic by nature, focusing
on, e.g., tree canopy cover, and they are unable to capture what beneﬁts local green space users.
On searching the literature dealing with quality assessments schemes for local green spaces in relation
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to use, some overall aspects emerge repeatedly, namely “maintenance”, “accessibility”, “nature”,
and “facilities” [20–24].
While woodland is generally distinguished from other types of urban green space
(e.g., References [25,26]), quality assessment schemes focusing speciﬁcally on “urban woodland” do
not—to our knowledge—exist. Several studies claim that user-perceived quality inﬂuences park use
more than objectively expert-measured green space quality (see, e.g., Ries et al. [27]), which could
potentially also be valid in relation to user participation. Aspects of urban woodland quality as
perceived by local communities or the general public have nonetheless been studied. A study in
the UK of attitudes toward urban woodland vegetation showed that people of all ages associated
meanings such as “relaxation”, “peacefulness”, “seasonal change”, “scenery”, and “education” with
urban woodlands, whereas people aged over 65 particularly valued the woods for their links with the
past and opportunities for deeply engaging in nature, and were more concerned about their personal
security in the woodland [28]. A study of local woodland use in Scotland identiﬁed freedom from
rubbish as being the most important physical quality to people, and directional signs, good information
boards, variety of trees, and tidiness of appearance as being the most decisive physical qualities
for woodland visits/use [29]. Most respondents in that study reported that they feel at peace in
woodlands. Ode and Fry [30] developed a model for quantitative assessment of visitor pressure on
urban woodlands on a regional scale in Sweden. Distance and access to woodland were found to be
the main factors; however, the woodland qualities “size” (large enough to provide a forest feeling),
“forest structure” (broad-leaved forests preferred for their diversity) “path density”, and “protection
status” (since protected areas have recognized botanical, cultural, or recreational qualities) also affected
visitation rates [30]. Based on both preference studies and expert assessments, it was concluded that
visual aspects that are important for urban woodland management can be reduced to scale, structural
and species diversity, naturalness/continuity, stewardship, visual accessibility, and coherence, with all
dimensions except coherence being well represented in management guidelines from the UK and
Sweden included in that review [31]. Nielsen and Jensen [32] developed this further, concluding,
from an expert perspective, that different planting designs for urban woodlands had different visual
qualities, focusing on scale, diversity, naturalness, and visual accessibility, with mature woodland
generally having higher levels of visual qualities than young woodland. In Finland, survey respondents
commonly associated their favorite green spaces (mainly urban woodlands) with peacefulness,
the feeling of forest, naturalness, and functionality [33]. A study in the UK showed that residents
saw the following qualities in local urban woodlands: important for nature and wildlife conservation
and human co-existence with nature; making residents aware of natural cycles and seasonal change;
connecting them with nature giving them existential experiences; relaxation, contentment, and stress
relief, and the feeling of being in a rural idyll [34]. At the same time, woodlands with valued qualities
were also perceived as unsafe, due to a perceived lack of woodland management among some people
who, therefore, probably derive less restorative beneﬁts from urban woodland use [34].
The ﬁndings regarding urban woodland quality identiﬁed through the perception and preference
studies referred to above reﬂect and conﬁrm the four dimensions of urban woodland design as deﬁned
by Bell et al. [35], “the social”, “the experiential”, “the functional”, and “the ecological”, and that they
all need to be considered when assessing urban woodland quality. Acknowledging the importance
of employing a situation and context-speciﬁc quality deﬁnition [18], we, therefore, converted design
dimensions into an assessment scheme for “urban woodland quality” (Table 1). The scheme resembles
existing quality schemes for urban green spaces [20–24], as it also includes the aspects of maintenance,
accessibility, nature, and facilities.
In the assessment schemes referred to above, quality is described as consisting of different aspects
that need to be present for a high-quality local green space (e.g., maintenance, accessibility, and so
forth) as opposed to quality assessments of green spaces on a regional or national scale. In this study
of the impact of participation on urban woodland quality, such aspects were included, but with a
focus on the result of outcomes of participation [15,16] as perceived by residents. Participation outcomes
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affecting users could be seen as beneﬁts to users, while outcomes affecting the physical woodland could
be seen as physical qualities being created.
Table 1. Assessment scheme for “urban woodland quality”, based on dimensions presented by Bell et al.
[35].
Dimension

Social

Experiential

Aspects of Dimension

Indicators for Urban Woodland Quality

Escape

Is the possibility to escape the urban scene provided?
Impression of naturalness/wildness? Are cultural references
incorporated to help people identify with their community?

Social activities

Are there possibilities for social activities (e.g., walking,
sitting, socializing with friends, children’s play)? Is there a
mix of larger and smaller spaces for different activities?

Safety and security

Is there greater visibility along paths and beneath trees?
Are there more obvious signs of management presence?
Is there clear signposting?

Aesthetics

Are multi-sensory experiences available? Is seasonal
change perceivable?

Design style

What degree of control or active presence of people is shown
in the design of paths, planting patterns, and open spaces?
Do they affect the user experience?

The role of the urban forest
in urban life

Does the woodland provide a non-urban experience?
Is there a sense of timelessness and continuity? Does the
urban woodland act as a stepping stone between built city
and nature?

Accessibility

Is the woodland accessible to all societal groups?

Carrying capacity

Is the woodland designed to satisfy both physical and visual
carrying capacity? Are there winding paths among trees or
straight paths in the open?

Climate

Do woodland trees provide the site-speciﬁc desired
climate-regulative functions (e.g., shade, shelter from the
wind, and moderation of extreme temperatures)?
Is year-round use possible?

Urban ecology

Does the urban woodland help improve or revitalize the
natural capital of an urban area (e.g., increase of ground
water inﬁltration, soil amelioration, or erosion control)?
Are new habitats developed?

Landscape
ecology principles

Were landscape ecology principles employed as a key part of
the design process (e.g., linking corridors to connect
scattered habitat fragments, and allowing wildlife species to
move in between)? Do woodland design and management
promote habitat diversity (not necessarily only natural
habitats)? Is it possible for people to get close to nature in
their everyday lives?

Functional

Ecological

Using the scheme for the assessment of “urban woodland quality” (Table 1) as an analytical
framework, the present study explores how urban woodland quality, in general and as affected by
residents’ participation in management and maintenance, is described by residents. The research was
guided by the following research questions:

•
•

How do residents perceive (residential) “urban woodland quality”?
How do residents describe “urban woodland quality” as affected by participation?
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2. Materials and Methods
2.1. The Case Area: Sletten
The study of urban woodland quality, in general and as affected by local residents’ participation
in management and maintenance, was conducted in north-western Denmark in the 160-ha large urban
neighborhood Sletten (The Plain), Holstebro city (Figure 1). Sletten was developed in 1999–2004,
including commercial areas (20 ha) and 400 housing units arranged in eight forest villages, six fortress
villages, and a retirement home (21 ha). The housing is set in a matrix of new woodland plantings
(32 ha) and pastures (30 ha), intersected by the road infrastructure (27 ha), existing shelterbelts,
wetlands, and natural brooks (30 ha) that ﬂow into the lake. The present study focused on the
so-called “forest villages”, i.e., the eight housing areas within Sletten that are surrounded by woodland
(n = 201 housing units). The residents in the forest villages are a rather homogeneous societal group of
middle-class people.
The woodlands in Sletten were established as a publicly accessible “landscape laboratory” in three
phases, in parallel to residential development, in the period of 1999–2004. Landscape laboratories are
experimental woodland areas in a local landscape context where innovative design and management
concepts for urban forests are tested in full scale [36]. The woodland design comprised 52 stand types
and 85 tree and shrub species, resulting in differing appearance (e.g., tree height, planting distance,
vegetation structure, and species composition) between different parts of Sletten [32].

Figure 1. Plan of Sletten. Varied woodland surround the forest villages. The colored ﬁelds in the
woodland correspond to the 52 different stand types. The yellow border around each forest village
shows the stipulated width of the co-management zone, i.e., the ﬁrst 4 m of the public woodland. Based
on an aerial photo, ® GST.

Early on, some individual residents in the forest villages on their own initiative started weeding
around the planted seedlings or growing ﬂowers and vegetables at the woodland edge. As the tree
canopy started closing, residents engaged in pruning and thinning amongst the trees, planting their
own plants, providing nesting and feeding boxes for birds, setting up hammocks, placing garden
furniture, making paths or huts as part of children’s play, and so forth. These activities were tolerated
and even encouraged by the local authorities as they created a gradual transition from the plant
communities, maintenance levels, and activities in private gardens to those of the public woodland.
The local authority green space manager regarded this transition and resident engagement as positive
for the long-term integration of residential housing and woodland and for the residents’ attitudes to
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having a neighboring woodland, in particular as the trees grow taller and shade the gardens. In 2010,
these resident activities became formalized into collaboration in a so-called “co-management zone’
(Figure 1) with guidelines set by the local authority green space managers:

•
•
•
•
•
•
•

The co-management zone extends 4 m into the woodland (three planting rows) and must be
accessible to the public.
Each household may choose whether and to what extent to participate in the section of woodland
edge that borders its property (i.e., the width of its garden).
A minimum of 30% of the originally planted trees and shrubs (planted with a spacing of
1.5 m × 1.5 m) must be retained.
Up to 40% of the trees may be replaced with other trees or shrubs.
Up to 30% of the trees may be replaced with herbaceous plants, etc.
Weeding, pruning of trees and shrubs, removal of ﬁeld layer vegetation, and other management
and maintenance activities should respect and maintain a forest character.
Establishment of permanent structures such as sheds and greenhouses is not permitted, nor is
keeping storage space for ﬁrewood, tools, garden compost, etc.

The guidelines were distributed to all residents and meetings were arranged to give inspiration
and clarify questions and uncertainties. The guideline document also provided inspiration in the
form of a list of suitable woody plants, summer ﬂowers, vegetables, and woodland herbs. Procedures
for guideline enforcement were not described; rather, residents were encouraged to contact the local
authority when in doubt about whether a speciﬁc management action was permitted. Since then,
manager presence in the neighborhood and enforcement of the co-management zone guidelines were
limited, and information about the co-management zone was not distributed to newcomers.
Participation in Sletten
Field surveys of physical signs of resident participation in the woodland management in Sletten
conducted in 2010 and 2015 showed an increase in participation, from 41% in 2010 to 65% in 2015,
out of the 201 households with gardens bordering on the woodland. From the ﬁeld surveys, four main
types of resident participation were distinguished: plant maintenance, plant establishment, function
establishment, and misuse, i.e., all actions prohibited in the guidelines [37].
2.2. Individual Interviews with Residents
In green space where participation occurs, participation affects both participants’ and
non-participants’ recreational experiences. Acknowledging this, we aimed to include both
non-participating and participating residents as interviewees. Information on participants and
non-participants was retrieved from the 2015 ﬁeld survey of participation in the co-management zone.
The local authorities of Holstebro assisted in booking interviews with the residents in their homes
during four consecutive days in October 2017. In total, 16 residents were interviewed, of which only
two were non-participants, as non-participants were less eager to participate in the study. Residents
were approached in each of the eight forest villages, in order to obtain an even spatial distribution in
the neighborhood and to capture potential local variations caused by, e.g., differences in woodland
attributes. Eventually, residents from one to three households from each forest village were interviewed.
It varied between interviews whether one or two family members were at home. Because of this,
some of the interviews were conducted with two family members in the household, resulting in
21 interviewees in total (Figure 2). Interviewees were between 31 and 79 years old, with a mean age
of 55.1 years. This can be compared with the mean age of all Sletten residents, which was 46.8 years
(standard error (SE) = 1.491 years) in 2015.
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Figure 2. Age and gender of the 21 residents interviewed in the 16 interviews. I1 = Interview 1, etc.

Interviews were semi-structured and focused on residents’ deﬁnitions of urban woodland quality,
descriptions of their own participation, and views on the impact of resident participation on urban
woodland quality. Each interview lasted 27–77 min and was audio-recorded and transcribed verbatim.
Interviews were qualitatively analyzed by coding, followed by categorization of codes [38]. Finally,
ﬁndings were structured according to the quality assessment scheme for urban woodland quality
(Table 1).
3. Results
3.1. Resident Deﬁnition of “Urban Woodland Quality”
3.1.1. Nature Experience
The residents interviewed were asked to describe what urban woodland quality in Sletten meant
to them. Quality aspects mentioned motivated a further development of the experiential dimension
of the urban woodland quality scheme by adding the aspect “structural and species diversity” and
“management and maintenance style” to the existing “design style”, the latter since both design and
management and maintenance inﬂuence user experience (Table 2). Many interviewees (hereinafter
referred to as “I” for interview followed by interview number, e.g., I12) mentioned the possibility of
experiencing nature and wild animals such as birds, squirrels, and roe deer, i.e., part of the social
and experiential quality dimensions, or natural woodland for its own sake, i.e., part of the ecological
dimension (I1, I2, I4, I6, I7, I11, I13, I15, I16). An interviewee enjoyed following the animals throughout
the year: “In the wintertime, you can see all the animals inside the forest, and, in the summertime,
they simply come out. It is fantastic to sit and look at the squirrel ﬂying around in all the trees” (I1).
Interviewees found it important that the woodland was not too “plantation-like”, but rather, looked
like “wild nature” (I4), as well as functioned like “natural nature”, since it led to increased biodiversity:
“the trees that die, they die, and then some insects can live in the half-dead trees” (I11).
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Table 2. Urban woodland quality as perceived by residents in relation to the urban woodland quality
assessment scheme based on Bell et al. [35]. “Management and maintenance style” and “structural and
species diversity” were added to make the scheme better reﬂect user perceptions.
Resident-Perceived Urban
Woodland Quality

Dimension

Aspects of Dimension

Social

Escape
Social activities
Safety and security

Experiential

Aesthetics
Design, management and maintenance style
The role of the urban forest in urban life
Structural and species diversity

Functional

Accessibility
Carrying capacity
Climate

Accessibility
Facilities (paths)

Ecological

Urban ecology
Landscape ecology principles

Management and maintenance
Nature experience

Nature experience

Management and maintenance
Nature experience
Structural and species diversity

3.1.2. Structural and Species Diversity
Some residents mentioned structural and species diversity of the woodland stands as important
for quality, including diversity and density of the woodland and species characteristics (I2, I3, I5, I9,
I10, I13, I14, I15). One interviewee thought that woodland density was a quality aspect that affected
use during walks: “that the forest is dense, that it is nice to walk in, and that there is a path to walk
on . . . that it is not too open” (I3). Some appreciated species diversity and said that it meant that
wild animals such as birds, squirrels, and roe deer kept coming close to the gardens (I13 and I15),
while others described diversity more in terms of variety in experiences along a walk than in species
diversity per se, e.g.,
I think it [the woodland] is very diverse . . . Different forests in one way or another. Different
trees. You walk out there, and all of a sudden you are out in something open, you turn right
and then you are inside something, so different forests . . . You get different experiences. (I10)
Interviewees even linked the experience of woodland diversity to human well-being: “I believe it
is good for the soul . . . because it is a great sense-experience to get the impressions from the different
woodland stands” (I14). An aspect of species characteristics is the age of trees. An interviewee looked
forward to the succession of the woodland, since older trees have a higher play value for children than
the black thorn they had in their co-management zone: “With small children, it is no fun to make a den
in black thorn. It is better with some old oak trees” (I2). Possibility to pick edible berries and fruits
was also perceived as a quality associated with woodland diversity and species characteristics (I2 and
I9), something that could make it fun for children to come along to the woodland “because there is
something to come for” (I9).
3.1.3. Accessibility
Other aspects of urban woodland quality that were repeatedly mentioned by the interviewees
were that they were allowed to use the woodland and that it was accessible at their doorstep, to look
at from inside, as well as for use, where residents especially emphasized the importance of functional
paths (I1, I3, I4, I6, I7, I8, I10, I12), and that “it would be a disaster to fence in the forest” (I6).
This means that, under the functional dimension, they mentioned accessibility and the single facility
paths. An interviewee viewed the accessible co-management zone as part of urban woodland quality
and woodland access: “I just think it is nice that it is there and that you are allowed to use it. That there
is no barrier against each garden, but the co-management zone instead of a large hedge in the border.
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It is just the freedom to use it as it is” (I8). Another interviewee described how the paths and the
proximity made nature accessible to her:
The trampled paths let you get into the nature rooms with trees and water and where you
are completely in nature, where you completely shut the rest of the world out, I think that
is incredibly nice, so that I see as high quality . . . The best thing about taking the trampled
path is that if you walk from the right end, you get to gaze over the lake several times. If you
go the opposite direction you have to turn around to be able to see it, because of where the
trees stand and how the path turns. That I ﬁnd unique, to have so close by. That when you
walk down there, you have the trees in the background and then you have [the view] over
the lake. Sometimes it is motionless and the sun is about to set over it or about to rise or
mirrors in the lake, and other times it is nasty weather and rainy and windy and a restless
water surface. But both are just as life-afﬁrming. It is when it becomes life-afﬁrming that I
think it is high quality. (I4)
3.1.4. Management and Maintenance
Two of the interviewees thought that, to achieve a high-quality woodland in Sletten, better management
or maintenance would be needed, i.e., thinning of the dense woodland to allow better development of
remaining trees (I11), i.e., part of the ecological dimension, and weeding and more frequent mowing of the
high grass between the trees in some parts of the neighborhood for a better appearance, i.e., part of the
design, management and maintenance style of the experiential dimension (I16).
3.2. Impact of Resident Participation on “Urban Woodland Quality”
Table 3 shows the impact of resident participation on urban woodland quality, as described by
the residents interviewed, charted through the assessment scheme for urban woodland quality based
on Bell et al. [35] in the version where the experiential dimension was further developed as described
in Section 3.1.1. Some households extended their participation in the woodland beyond the stipulated
4-m-wide co-management zone. Outcomes of participation primarily beneﬁting users are rarely
visible in the physical landscape, but could nonetheless be very valuable for the individual. For this
type of beneﬁt, there was a predominance of outcomes beneﬁting participating residents (14 positive
outcomes) over outcomes beneﬁting all residents (10 positive outcomes). The majority of the physical
qualities created as an outcome of participation beneﬁted all residents (45), while 16 outcomes beneﬁted
individuals. Outcomes impacting users are henceforth termed beneﬁts, while outcomes impacting the
urban woodland are termed physical qualities. Figure 3 shows four examples of resident-created
environments and lists the outcomes participation had for the interviewee participating in that
particular part of the co-management zone.
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Sum of participation outcomes
and whom it beneﬁted

Ecological

Functional

Experiential

Social

Dimension

Nature experience
Individual participants: 14
All residents: 10

Increased biodiversity
Individual participants: 16
All residents: 45

Urban ecology

Landscape ecology principles

Individual participants: 44
All residents: 2

Environmental awareness 2 (I)

Storing ﬁrewood in woodland 2 (I)

Fertilizing the woodland/creating mold 7
(A)
Increased biodiversity 15 (A)
Better tree development 5 (A)
Bird boxes as pest control 1 (A)

Climate

Clean air 1 (A)

Firewood 1 (I)

Wind-sheltered environment 1 (I)
Better usability 1 (I)

Food 7 (I), 2 (A)

Paths 2 (I), 10 (A)

Better accessibility to woodland 1 (I), 1 (A)

Carrying capacity

Better appearance 2 (I), 1 (A)

Enjoyable experiences during walks 4 (A)

Accessibility

Nature experience

Enjoyable experiences during walks 3 (A)

Structural and species
diversity

Better appearance 5 (I), 4 (A)

Happiness and pleasure 4 (I)
Relaxation 4 (I)
Participation as personal hobby 1 (I)
Enhancement of private garden 7 (I)
Memories stored in resident-planted trees 2 (I)
Enhanced view of woodland from inside 3 (I)
Recreational experiences for participants 1 (I)

Bird boxes as pest control

Empowerment 4 (I)
Increased participation from inspiration 2 (I)

Improved safety 1 (I)

Sense of community 4 (I)

Nature experience 4 (I)

Participation Outcome Affecting
Participating Residents

Social interaction 2 (I), 1 (A)
Increased use of urban woodland 6 (I)

Participation Outcome Affecting
Residents

The role of the urban forest in
urban life

Aesthetics

Design, management and
maintenance style

Better usability 4 (I), 1 (A)

Participation Outcome Affecting the
Physical Environment

Experiencing domesticated animals
1 (I), 1 (A)

Safety and security

Social activities

Escape

Aspects of Dimension

Table 3. Outcomes of participation in Sletten compared against the assessment scheme for “urban woodland quality”, based on Bell et al. [35]. “Management and
maintenance style” and “structural and species diversity” were added to make the scheme better reﬂect user perceptions. Resident-described outcomes of their own
participation, as well as outcomes seen (or believed to result) from participation by other residents. Examples of codes: 2 (I) means that two residents mentioned
this participation outcome and that it beneﬁts the individual; 4 (A) means that four residents mentioned this participation outcome and that it beneﬁts all/many
residents in the neighborhood.
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Figure 3. Exemplifying photos of the co-management zone. For each photo, the outcomes that the
resident at the address described of their own participation are listed: (a) enhancement of private
garden, empowerment, food, increased use of urban woodland, relaxation, increased biodiversity,
environmental awareness, nature experience, and better accessibility to woodland; (b) wind-sheltered
environment, food, increased use of urban woodland, relaxation, memories stored in resident-planted
trees, increased biodiversity, better appearance, and environmental awareness; (c) happiness and
pleasure, food, fertilizing the woodland/creating mold, and better usability; (d) happiness and pleasure,
enhancement of private garden, increased biodiversity, and better appearance.

3.2.1. Participation Outcomes—The Social Dimension
Several residents, through participation, adapted the woodland to suit their recreational needs and
create possibilities for social activities, leading to the outcome better usability. Residents, e.g., put out
benches in the woodland, making it possible to sit there. Others pruned trees to make room for a
hammock, made room for social activity by maintaining a space in the zone keeping it open to provide
space for play activities with grand children, or made a glade in the woodland for barbecue (BBQ) parties
with neighbors. An example of the same participation outcome, but benefiting more residents than only
participants, was when a couple, together with their two neighbors on one side, made a glade in the zone
with a table, where the four of them ate lunch together every now and then during the summer; however,
they allowed anyone who wanted to use the table (I15).
The beneﬁt nature experience, e.g., being able to watch roe deer and squirrels right outside the
garden and ﬁnding it nice that wild birds use residents’ bird houses, corresponds to aspects of the social,
experiential, and ecological dimensions of urban woodland quality. Although the co-management
zone guidelines allow for individual participation without necessarily coordinating or collaborating
with neighbors, participation led to increased social interaction and sense of community between some
participants. Even though they did not work together in the zone, they appreciated knowing that others
participated as well, enjoying the fellowship between participants and the possibility to share ideas
and to show each other what they did. Participation also led to more socializing with non-participating
neighbors, e.g., a participant sometimes met neighbors when she was thinning among the trees in
the zone. Another participant regularly talked with his neighbor in the zone, instead of over the too
high hedge between their gardens. A third interviewee organized a trail run around the forest village
for the neighboring children—two laps on a path some boys created in the zone. Social interaction
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between neighbors was also achieved when a resident who was good at growing tree seedlings helped
others plant trees in their zones. Participation also led to increased woodland use, among both adults and
children. One interviewee said that he would not have used it as much if he was not allowed to also
inﬂuence the woodland (I2). One interviewee described how participation in the zone was important
for children’s play:
[Residents living on the other side of the forest village] used a lawn mower to make some
mowed grass paths, allowing for not only a single entrance and exit, but possibility to get in
and out in several different places. I believe that gives them a greater sense of community . . .
I have the feeling that the children living over there . . . they had a great deal of pleasure out
of being able to run [through the woodland] to each other and meet in the co-management
zone and play there. (I4)
However, for some children, the possibility to participate did not lead to increased woodland use,
due to woodland characteristics. Early on, the trees were too small to climb and children living next to
black thorn could not build dens there. Outputs of participation in this category included improved
safety through well-balanced pruning so vegetation would not grow too large, while remaining rather
closed to screen the public path, since a burglar once went into this resident’s house when having more
open vegetation (I14). There were also a few participation outcomes affecting the physical participation
process itself for individual residents (six positive outcomes), part of the social quality dimension:
Firstly, the empowerment of residents was mentioned by some residents, appreciating the possibility to
inﬂuence the woodland as they wanted, instead of watching the woodland outside the garden grow
too dense and dark. Secondly, a few residents increased their own participation after being inspired by
seeing other residents’ actions in the zone. An interviewee described how she got really inspired from
once seeing some residents living on the other side of her forest village pruning their trees, which she
thought looked really nice (I8). However, an interviewee who saw lots of things other residents made
in the zone, had not yet thought: “Wow! That’s something I will do as well!”, i.e., their participation
did not have high enough quality for her to become inspired to participate more herself.
3.2.2. Participation Outcomes—The Experiential Dimension
Participation provided the possibility to experience domesticated animals, e.g., a resident enjoying
when a neighbor, for a period of time, had pheasants which he let out in the woodland. Several
residents said that participation led to better woodland appearance. The small original woodland trees
were planted in rows; thus, a resident described how he removed some of them to create a more
natural path ﬂow, and planted some new, more interesting tree species in between the woodland
trees, making a path system of his own (I9). In some cases, this outcome beneﬁted all residents,
e.g., where a resident planted hundreds of trees in Sletten from seedlings collected in the woodland
and other places, as well as sowed lupins and planted lily of the valley in areas far beyond his own zone
(I12). These are two examples of better woodland appearance leading to structural and species diversity
(Table 3). Other residents “beautiﬁed” the woodland by pruning trees, planting winter aconite and
ﬂower bulbs, tidying up, removing dead nurse trees, or mowing the grass in the woodland, i.e., better
woodland appearance as a part of design, management and maintenance style. Low accessibility from
paths to the co-management zone or residents feeling uncomfortable walking too close to private
gardens meant that some of them did not see other residents’ management and maintenance actions,
and therefore, they did not beneﬁt from it; for them, participation did not lead to better woodland
appearance. Another example of this is a resident who thought that, instead of ﬂuent transitions,
many residents made ornamental gardens with bark chips in the entire zone and pots with annual
ﬂowers, which she found too unnatural and not beautifying (I1). What looked like non-participation
for a passerby was sometimes, in fact, conscious resident participation in the management, creating
invisible qualities. A woman and her husband created better woodland appearance by removing the fruit
trees and some other plants that the former owner planted in the zone, considering these to be too
207

Forests 2018, 9, 670

gardenlike, and therefore, not suitable for a wild, natural woodland when striving to create a nice
transition from well-maintained garden to the wild woodland with no hedge in between (I7). Apart
from removing, invisible participation also took the form of refraining from ornamental gardening
in the zone. While a man said that they did not have a gardening interest, his wife said they did,
and further explained that they did not ﬁnd it suitable to have an ornamental garden that close to
“nature” (i.e., the woodland). They liked to have an ordered, but at the same time naturalistic garden,
and aimed for a ﬂuent transition from garden to woodland. Therefore, they made conscious choices of
natural materials, e.g., used wooden posts to hang their hammock and made a ﬁreplace with natural
stumps to sit on, the idea being that wood goes well with the woodland. They also trimmed the pine
trees that they planted in their garden together with some pillar fruit trees, thinking that the woodland
trees should be higher than their garden trees (I16).
Residents reported having interesting, exciting, surprising, fun, and diverse enjoyable experiences
during walks from seeing other residents’ actions in their zones. One interviewee enjoyed the zone
characteristic diversity, widely varying between neighbors, e.g., with regards to open vs. closed
woodland appearance and the number of trees being replaced by other species, i.e., part of structural
and species diversity (I13). Another interviewee described surprises during her walks along woodland
paths: “I often think that, all of a sudden: ‘Oh! It seems like some trees have just popped up here,
someone has been working, and here is a new path as well!’” (I10). A man thought that paths running
through parts with uniform, thicket-like parts of the woodland were hardly used, since it was too boring
to walk there, while ﬁnding it exciting to pass by places where residents inﬂuenced the woodland
through replacing trees and planting new plants (I9). Experiential outcomes also included getting
a personal hobby from participation and feelings of happiness, pleasure, and relaxation. A man described
the relaxation he gains from participating and simply spending time in the physical environment he
created through participation:
I have noticed that some time passes by when I am out there [in the co-management zone]
and just enjoy the quietness . . . out there. It’s more clinical in here [in the garden] while
there is more peace out there, with birds and insects. So I really like just walking around out
there. I spend a lot of time there! (I2)
One of the most common outcomes to users directly linked to the physical environment was
participation leading to extension or enhancement of the private garden by pruning or thinning among the
trees for more evening sun, or weeding in the zone to limit weeds from spreading into the garden and
attempting to “get the forest into the garden” (I10). Another household also managed to do this, saying
that participation gave them a totally different garden: “When we sit on our terrace and look [toward
the woodland], we almost think that we have Amalienborg royal park! Nothing less! We just have a
plain boring garden like most people, but the [woodland] trees in our backyard, they take it all to the
next level” (I16). Other outcomes related to experiential and recreational values were when participants
gained recreational experiences, and the view of the woodland from inside residents’ houses was enhanced. Another
example of the invisible participation described further above, is interviewees wanting to improve their
view from the garden, resulting in them tidying up the woodland after the former owner left trees and
branches after thinning, as well as several old Christmas trees on the ground, and also resulting in them
removing an old deserted children’s den (I3). For the two households that had memories stored in the
resident-planted trees, participation had a symbolic value. A man felt connected to the trees he planted
through participation: “I know every single tree that I have planted. They are my grandchildren—I have
many grandchildren!” (I12). Another man enjoyed following the growth of the trees he planted, especially
the little spruce his child sowed when still in kindergarten: “It grows in the forest today and that’s nice to
see. We cherish it because it has a symbolic value to us that it stands there” (I9).
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3.2.3. Participation Outcomes—The Functional Dimension
Many residents either maintained paths for more private use close to home or longer paths further
into the woodland, keeping a hand pruner in the pocket cutting twigs along paths during walks,
or regularly mowed a longer grass path for everyone to use, or regularly used paths they knew other
residents created. One interviewee mentioned that two teenage boys pruned trees and trimmed grass
to make a 1.2-km-long mountain bike path around an entire forest village, a path that later was mostly
used by adults going for a run (I9). A resident created a more wind-sheltered environment by putting
straw around exposed trees. The physical quality better usability was created by an interviewee who
adapted the woodland for it to provide the climate-regulative functions she desired (e.g., shade and
shelter from the wind), making a nice place for herself: “I have actually made something cave-like
over here, where I have felled or pruned some trees” (I1). Some reported that participation led to better
accessibility to and within the woodland, where, e.g., a resident meant that, when people participated,
woodland vegetation became less dense, facilitating ease of movement during walks. However, for one
interviewee, participation did not increase her accessibility to woodland, since her thicket-like part of
the woodland was practically impossible to participate in (I4). Functional outcomes also included
concrete outputs such as getting ﬁrewood from trees residents felled in the zone, storing private ﬁrewood
in the woodland, and food for participants (fruits, berries, hazelnuts, blackcurrants, potatoes, rhubarb,
and beetroot) and for all residents (possibility to pick apples from trees other residents planted in
their zone and harvest ramson others planted). However, a resident missed picking apples after the
neighbors cut down the apple tree in their part of the zone, thereby missing out on the output food.
3.2.4. Participation Outcomes—The Ecological Dimension
Several residents neatly spread out garden waste in the woodland, thereby fertilizing the woodland
and creating mold. Residents also contributed to increased plant and animal biodiversity by planting with
the intent of attracting animals, also creating diverse vegetation and feeding wild birds, squirrels,
and other animals. Participation led to better tree development when residents thinned in the dense
woodland aiming to give remaining trees a better chance to develop properly. However, some residents
did not consider their neighbors’ participation as proper forestry work, missing out on this quality
aspect. As an example, a resident did not like when neighbors pruned trees to get a better view from
their garden, instead of thinning among the trees, which was needed to give trees room to develop
properly. Residents in one of the forest villages jointly put up bird boxes for starlings as pest control,
since many of the households got their garden lawns destroyed by garden chafers, which starlings
like eating. The joint activity makes this outcome belong to the social dimension of urban woodland
quality as well. A concrete output under the ecological dimension was clean air, which a resident
thought the trees he planted contributed to achieving. A man reported that, when his children pick
berries and fruits in the zone, they learn where food comes from and see that butterﬂies and insects
are supposed to be there, which can be interpreted as environmental awareness. Another example of
this was the value a man saw in conversations between him and his children, initiated thanks to apple
picking in the zone:
When we pick fruits, harvest something, you talk about it with the children. Saying: “Here
[in the co-management zone] you can eat the fruit straight from the tree. You do not have to
wash it.” . . . This dialogue makes them more conscious about the difference between going
to the forest and picking something, and buying something from the store and how it has
been treated and why you have to wash it. (I9)
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4. Discussion
4.1. Residents’ Deﬁnition of Urban Woodland Quality
The residents interviewed generally shared the image of high-quality woodland in Sletten.
To them, high quality was (1) to have a natural woodland making nature experiences possible;
(2) related to the structural and species diversity of woodland stands, including diversity and density,
and species characteristics; (3) accessibility to the woodland, both physical (available at the doorstep
and from the paths) and mental (that residents were allowed to use it); and (4) for a few, something
for which better management or maintenance would be needed. The majority of the mentioned
quality aspects related to residents’ passive and active use of the woodland, e.g., experiential values
during walks. Residents’ deﬁnition is in line with the positive qualities Finnish and UK residents
associate with local urban woodlands according to other studies, i.e., peacefulness, the feeling of forest,
naturalness [33], woodlands being important for nature conservation, providing residents nature
experiences making them aware of natural cycles and seasonal change and giving them existential
experiences; relaxation, contentment, and stress relief [34], and relaxation, peacefulness, seasonal
change, scenery, and nature experience [28].
In all of the general green space quality schemes described in the literature, four overall quality
aspects occur repeatedly: maintenance, accessibility, nature, and facilities [20–24]. Except for facilities,
these were all also central to Sletten residents’ urban woodland quality deﬁnition. The facilities aspect
was less important, possibly because facilities such as toilets, sports ﬁelds, and play equipment are more
associated with urban parks and not naturally available in an urban woodland. Furthermore, the urban
woodland being situated so close to interviewees’ homes made facilities somewhat redundant for their
woodland use, with toilets at home and playgrounds in the middle of forest villages. People have
also been found to dislike constructed facilities in forests even when placed there in order to support
recreational forest use [39]. The only facility mentioned was paths, which were also identiﬁed by Ode
and Fry [30] as important for urban woodland quality.
Structural and species diversity of woodland stands are aspects unique to urban woodland
quality studies, both in the literature and in Sletten, as opposed to studies of green space quality in
general. Within this category, residents mentioned woodland density, diversity in species, variety in
experiences, and the species characteristic age of trees, and plants with edible berries, fruits, and nuts.
Resident-perceived urban woodland quality is, in this respect, in line with qualities identiﬁed by users
or experts in earlier studies, i.e., variety of trees [29], structural and species diversity [31,32], variation
between stands [40], size (large enough to provide a forest feeling), and forest structure (broad-leaved
forests preferred for their diversity) [30].
At the time of interviews, the Sletten woodland was 17–21 years old, varying between parts.
While the interior of young woodlands is generally perceived as visually unattractive and not
appreciated for recreational use [41], and mature woodland generally has higher levels of visual
qualities than young [32], the age limit for experiential and recreational qualities seems to have been
crossed at that point in the Sletten case.
4.2. Impact on Urban Woodland Quality of Physical Participation
The urban woodland quality obtained from public management partly differs from that also
obtained from resident participation. Outcomes of participation in Sletten affected both the users,
i.e., the residents, and the physical environment (Table 3). The majority of the effects on the physical
environment beneﬁted a larger group of the residents in the neighborhood, not only participants.
The effects on the physical landscape corresponded much to the functional and ecological quality
dimensions of the urban woodland quality scheme based on Bell et al. [35]. The effects on users
corresponded predominantly with quality aspects within the social and experiential dimensions for a
publically managed urban woodland. The urban woodland quality assessment scheme was further
developed to better reﬂect resident-perceived quality. Together, the effects of participation in Sletten
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on users and the physical environment covered all dimension aspects of the adapted urban woodland
quality assessment scheme, suggesting that these dimensions and aspects could work well for the
purpose of future urban woodland quality assessments.
While the previously mentioned outcomes of participation could also potentially be a result of
woodland management by the local authority, beneﬁting woodland users, it is not given that they
do. It depends on the public management and maintenance intensity and whether this is performed
with the intent to meet user needs or rather aimed at nature conservation. For the resident-reported
outcomes from participation, their passive and active use is practically always in focus, as well as
when it comes to physical qualities serving nature conservation. As an example, residents feeding wild
animals or planting different trees and shrubs with the aim of increased biodiversity also beneﬁt users,
rendering enjoyable experiences during walks and better woodland appearance. User participation
in urban green space management has been found to affect urban biodiversity values positively [42].
When it comes to urban woodlands and Sletten, it remains to be studied whether residents create
more positive, ecological qualities in the limited co-management zone than would be possible to create
through active, systematic, public management of the entire woodland.
Participation in urban woodland management had additional beneﬁts for participants, showing a
difference between the urban woodland quality for participants vs. all residents, as well as between
participation and woodland use alone (Table 3). The only exception was food, which, to some extent,
beneﬁted the resident group as a whole. This type of beneﬁt included, above all, experiential
qualities, e.g., residents obtaining happiness and pleasure from the act of participating, sense of
community between participants, and an enhanced view of the woodland from inside. Due to only
two non-participating residents agreeing to be interviewed, the study could not add much knowledge
on how their recreational experience was affected by other residents’ participation, apart from the
ﬁnding that participation had fewer beneﬁts for them than for participants. How non-participants
are affected by participation, therefore, remains an interesting topic for future studies. In Sletten,
participation led to social qualities for both participants and residents in general, despite the guidelines
for the co-management zone not demanding participating neighbors to collaborate with each other.
In other words, individual participation can also bring social values.
Sometimes, both participating and non-participating residents missed out on physical qualities
and beneﬁts that would have been possible outcomes of participation if it was not for participation of
other residents or hindering physical environment characteristics, e.g., low accessibility from paths
to the woodland or residents living next to a dense, thicket-like part of the woodland. This means
that participation does not only affect urban woodland quality positively. Furthermore, this implies
that urban woodland quality that can be obtained from participation is affected by the original urban
woodland quality as affected by design (e.g., species selection), and public management (e.g., long-term
local authority strategies). The latter has the possibility to respond to new user needs that arise, such as
improvement of path systems. Moreover, urban woodland quality in Sletten is affected by the qualities
of the neighborhood at large. Features of a high-quality built environment at a neighborhood scale
identiﬁed by Dempsey [23], such as connectedness and permeability or legibility, are intrinsic qualities
in the Sletten landscape plan beneﬁting all residents, qualities not affected by resident participation.
Aalbers and Sehested stated that, when users are involved in green space management, they create
green spaces of a different kind, with other qualities [11]. The fact that there are corresponding quality
aspects in the scheme based on Bell et al. [35] for all physical qualities created from participation
suggests that little difference exists between physical qualities created through participation and those
created through public woodland management. However, a close look at the outcomes shows a number
of differences. While managers and residents can both create paths, it is more likely that residents
place their path exactly where they are needed to support woodland use. Managers could adapt
the woodland for social activities, e.g., create a glade for children’s play or prune trees making them
ready for someone to install a hammock; however, they are unlikely to identify such needs without
asking residents. To put straw around exposed trees to create a more wind-sheltered environment is
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a small-scale way of inﬂuencing the woodland. Public management does not have the resources to
perform such frequent, small-scale management and maintenance contributions. Participation mainly
occurs within the limited area of the co-management zone, and, for the creation of some physical
qualities, this is not an advantage. Rational, large-scale thinning among the trees, performed by public
managers, leads to better tree development for the entire remaining woodland, while a few residents’
small-scale thinning only supports a small number of trees.
In sum, Sletten residents created physical qualities better adapted to local user needs, both in
regards to the actual needs and the placement of the physical quality. This leads to better urban
woodland quality for woodland use, especially for participating residents, while some ecological
qualities, such as better tree development, are likely more efﬁciently created when performed by
public managers.
Residents sometimes refrained from ornamental gardening in favor of a more natural woodland
character, or removed too garden-like plants, thereby creating “invisible” physical qualities.
These could only be identiﬁed through participant interviews, since such resident-created qualities
cannot be measured in the physical environment. They can be regarded as other types of
qualities [11] with regards to the detail and rationale behind residents’ “invisible” participation
compared to public managers’. While the risk of privatization of public land increases due to the
proximity between the garden and the area where the residents participate, the likelihood of residents
caring for and protecting their environment also increases, simply because they participate in their
local landscape. This was reﬂected in the ﬁnding that the interviewed residents generally seemed to
have a sound and conscious nature view and opinion about plants that are suitable in a woodland
and how to maintain them, thereby preserving ecological urban woodland quality. Guidelines and
municipal control are still needed to prevent misuse, especially since some residents participated in a
larger area of the woodland than the 4-m-wide zone stated in the guidelines. Residents sometimes
disliking other residents’ actions in the zone supports the idea of limiting participation and keeping it
within a co-management zone.
With regards to the type of environments and physical qualities created through participation,
many residents transferred garden characteristics to the woodland, while few did the opposite and
transferred woodland characteristics into their own garden. However, the participation beneﬁts
enhanced view of woodland from inside and enhancement of private garden are examples of residents
visually bringing the woodland into their gardens. Deﬁning the quality impact of participation on
an urban woodland in terms of enhanced nature conservation only, and labeling beneﬁts to users as
co-beneﬁts [15], is not reasonable for a woodland integrated with a neighborhood, highly used by
residents. Participation in Sletten mainly beneﬁted the people, in particular participating residents;
however, those beneﬁts partly build on physical qualities being created, suggesting that beneﬁts to
users and physical qualities cannot always be easily separated.
5. Conclusions
The present study explored how residents perceive “urban woodland quality”. It was
demonstrated that social, experiential, functional, and ecological dimensions are all part of residents’
perception of urban woodland quality. Maintenance, accessibility, nature, and, to a small extent,
facilities, are quality aspects of these dimensions which are well integrated in existing expert assessment
schemes for other types of green space quality [20–24]. Our results provide support to such assessment
schemes by showing that these aspects are also important for local residents’ quality perception of
the speciﬁc green space type “urban woodlands”. Additionally, results may add to the development
of quality assessment schemes focusing on urban woodlands in so far that it points to the structural
and species diversity of and between woodland stands and between forested and open habitats as
being central for the perceived quality. The relative importance of this quality aspect distinguishes
woodland from other types of urban green space. In a wide perspective, this limits the usability of
existing quality assessment schemes, since these were mainly developed for other types of urban
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green space, such as parks. The study also sought to explore how urban woodland quality is
affected by resident participation in woodland management and maintenance, according to residents.
The main contribution of the present study is that it demonstrates that residents’ participation in their
“neighbor-wood”, mainly but not only, contributes positively to perceived woodland quality. In plain
words, participation in the co-management zone physically affected the woodland’s functional and
ecological qualities as perceived by the residents. Moreover, the active participation zone provided
a range of social and experiential beneﬁts to participating residents, as well as to the residents as
a community group, part of which they themselves argue that they would have missed out on if
they were only allowed to use the woodland “passively”. Participation had additional beneﬁts for
participants, showing a difference between the urban woodland quality for participants vs. all residents,
as well as between participation and woodland use alone. These ﬁndings suggest a large—but still
largely untapped—potential of participatory urban woodland management to contribute physical
qualities to urban woodlands and beneﬁts to its users.
That said, the present study has some noteworthy limitations. It was explorative in its nature
and was conﬁned to a site-speciﬁc context and to a limited number of participants (16 respondents,
including only two non-participants); further research is needed in order to produce stronger evidence
as the basis for recommendations and future development of urban woodland quality assessment
methods and their application in practice.
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Abstract: This study investigates the knowledge and perception of smallholder cocoa farmers on
the potential impacts of climate change on cocoa production in Ghana. It addresses opinions on the
inclusion of climate change mitigation strategies (such as Reducing Emissions from Deforestation
and Forest Degradation—REDD+) into cocoa production, and potential obstacles and roles of
stakeholders in ensuring community acceptance of such strategies in a unique multiple land use
area—the Krokosua Hills Forest Reserve. Data from the Ghana Meteorological Agency and through
survey of 205 cocoa farmers were assessed with Mann-Kendall, Kruskal Wallis and Mann-Whitney
tests. Farmers’ perceptions of changes in climate were notably diverse and did not always match
historic weather data, but accurately described increases in temperature and drought which are
linked to cocoa productivity. Farmers appreciate the importance of tree maintenance for ecosystem
services but were skeptical of ﬁnancially rewarding climate change strategies which favor tree
protection. Cultural practices associated with cocoa production encourage carbon release and may
pose a threat to the objectives of REDD+. Farmers’ experience on the land, interactions with other
farmers, government extension agents and cocoa buyers all inﬂuence cocoa agroforestry practices
in the area, and communication through existing entities (particularly extension agents) presents a
pathway to community acceptance of climate change mitigation strategies. The study recommends
reforms in REDD+ strategies to adopt ﬂexible and participatory frameworks to facilitate adoption
and acceptability due to pronounced heterogeneity in community perceptions and knowledge of
climate change and related issues.
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1. Introduction
Cocoa (Theobroma cacao L.) cultivated under the shade of forest trees, in combination with annual
food crops (i.e., cocoa agroforestry) on the same piece of land, is common for smallholder farmers
across the cocoa-forest mosaic of tropical Ghana. Currently, Ghana is the world’s second largest
cocoa producing nation (behind Côte d’Ivoire). The cocoa industry employs about 3.2 million people
along its commodity chain and accounts for 25% of foreign exchange earnings [1]. It is estimated
that 800,000 smallholder cocoa farmers in Ghana derive between 70%–100% of their yearly income
solely from cocoa production [2]. Beneﬁts from cocoa agroforestry are multifaceted and include
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greater biodiversity than monocultures; societal and economic beneﬁts of continuous food supply
(food crops/staples); annual income from cocoa; and long-term ﬁnancial reserves in timber.
Cocoa generally requires high temperatures, precipitation and humidity to achieve optimum
productivity, and cultivation is restricted to the “cocoa belt” (20◦ N and 20◦ S of the Equator).
Speciﬁcally, cocoa trees need temperatures between 21–23 ◦ C and rainfall between 1000–2500 mm
annually to achieve optimum yield. Cocoa production is sensitive to precipitation and is reduced by
drought which may increase in Ghana under climatic changes. A temperature increase of about 2 ◦ C
and a 1% decrease in precipitation (1467 mm to 1455 mm) is projected by the year 2050 in Ghana with
potential decreases in cocoa cultivation [3], particularly in areas bordering the cocoa growing suitability
area to the north and south respectively [3,4]. Long-term trends in precipitation are lacking due to
high variability along both inter-annual and inter-decadal timescales [5]. The impacts of the severe
El Niño years of the early 1980’s on cocoa yield in the entire West African sub region [6], provides a
reference point for potential future impacts of increased drought under climate change projections.
A “climate-smart” [7] approach (i.e., agricultural strategies that foster sustainable production,
resilience, mitigation, food security and development) is needed to counter the potential impacts
of climate change on global cocoa production. Non-governmental organizations (NGOs) have
made signiﬁcant efforts in developing sustainable practices related to cocoa production and climate
change across the West African sub region and other developing nations in the cocoa belt. However,
the development of cocoa varieties with tolerance for higher temperature and low precipitation is
needed [8], particularly in Ghana, where strategic climate change ameliorating strategies are essential
to sustaining cocoa production [9]. Current and emerging climatic trends could render smallholder
cocoa farmers vulnerable and pose a signiﬁcant threat to livelihoods centered on cocoa production [10].
In 1995 Ghana ratiﬁed the United Nations Framework Convention on Climate Change—UNFCCC
global alliance to reduce carbon emissions [11] and in 2008 adopted the Reducing Emissions from
Deforestation and Forest Degradation (REDD+) program to foster carbon goals [12]. REDD+ aims
to create ﬁnancial value and incentive for activities which lead to sustainable natural resource
management in developing nations [13]. REDD+ reinforces conservation, sustainable management of
forests and enhancement of forest carbon stocks. Potential beneﬁts envisaged include conservation of
biodiversity, water and soil regulation, and direct human beneﬁts including enhancing opportunities
for participatory natural resource management. Ghana has made signiﬁcant strides toward a national
scale implementation of REDD+ and has submitted its Readiness Preparation Proposal (RPP) to the
World Bank’s Forest Carbon Partnership Facility (FCPF) in 2010 [14,15]. The National Forest and
Wildlife Policy (2012) and National Climate Policy (2013) were passed by Ghana to offer a favorable
policy pathway for climate change strategies, including REDD+. The integration of cocoa agroforestry
within REDD+ (Cocoa Forest REDD+ program, [16]) aims at improving net carbon gains through
the integration of trees on crop lands and subsequently providing an opportunity toward climate
change mitigation. REDD+ funding differs from mainstream project funding where funds are provided
before the initiation of a project. REDD+ is rather performance based with a built-in component of
demonstrating the impact(s) of the project before funds are released [12]. Expectedly, REDD+ has a
strict set of criteria which are essential to its implementation. Although Ghana’s REDD+ pathway
has received accolades, globally applicable issues pertaining to tree and land tenure, beneﬁt sharing
mechanisms, technical capacity and governance [12,17–19] are yet to be fully resolved.
Numerous studies have examined the perceptions of farmers on such topics as the impact of
climate change on cocoa yields [8,9,20,21], smallholder choice of cocoa production systems [22–24], the
potential beneﬁts of cocoa agroforestry [25,26] and advantages of REDD+ in cocoa production [13,27].
There is however, limited information on how farmers perceive the inclusion of climate change
mitigation strategies into their land/farm management objectives. Since agroforestry emphasizes
“people” as its key element [28], understanding cocoa farmers’ perceptions of issues such as tree
planting, and local/indigenous knowledge on the role of climate on sustainable forest management
and environmental conservation is important in answering questions on land use, land-use change
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(deforestation) and cocoa production. This suggests that, agroforestry is not just about the cocoa and
associated shade trees [29], as there is a strong linkage between farmers’ perception and management
decisions on tree retention on cocoa farms in Ghana; positive perceptions of shade trees increase
the probability that a farmer will retain trees on cocoa farms [30]. The importance of stakeholder
perception on the success of conservation projects has been previously demonstrated; for example,
in Kenya, stakeholder perceptions inﬂuenced adoption of new and improved strategies [31].
Smallholders perceptions also take into account interaction between their farming activities
and changes in microclimate, and their perceptions may determine whether mitigation/adaptation
strategies are implemented [32]. In fact, the social acceptability of the agroforestry system at the
individual farmer level, is inﬂuenced by: Community heterogeneity, perceptions towards trees, land
and tree tenure arrangements, gender and other socio-cultural factors like age, labor and cultural
habits [33]. Remarkably, a strong correlation between climate change, the level of concern for associated
implications, and ultimately, farmers’ decision to subscribe to climate change mitigation policies and
projects exists, irrespective of the accuracy of farmers’ experience with regards to individual perceptions
of climate change and actual historical climatic trends [34]. For instance, people who believed that
climatic changes were occurring and that changes were a result of human activities, were more likely
to perceive temperature increases despite inconsistencies with available climate records. In the end,
perceptions about climate patterns effectively determine actions of farmers irrespective of patterns
determined through analysis of empirical climate data [35].
Based on previous studies, there is empirical reason to suggest that the aforementioned
demographic proﬁles have an impact on perceptibility of climate change, and consequently, actions to
be taken. In Ghana, for instance, smallholder farmers (both men and women) in different communities
hold speciﬁc views of climate change which ultimately inﬂuences coping strategies [36]. Elsewhere,
farmer age is a signiﬁcant determinant of overall farming and climate experience [37,38]. Differences
in access to information on climate change also correlates with climate change perception among
male- and female-headed households, with the former more likely to be educated on climate-related
issues [39]. Women, on the other hand are considered more susceptible to the impacts of climate change
because they are generally less informed [40]. This connotes that education in general inﬂuences
how farmers perceive climate change [22,41]. Additionally, the accumulation of knowledge and
experience with both farming and climate makes farmer age an important factor in climatic change
perception inquiry [42]. In Ghana, marital status among smallholder cocoa farmers inﬂuences access to
information on climate change and ultimately, how individuals perceive climate change and adaptation
strategies [22]. Lastly, comparisons between indigenous and migrant farmers, indicate that the former
have a higher tendency to subscribe to long-term climate ameliorating programs and strategies. Lack
of property rights is highlighted as a signiﬁcant cause of this observation [43].
This study reports on ﬁndings of a survey conducted in smallholder cocoa communities in a
major cocoa-producing area of Ghana. A semi-structured questionnaire was employed to collect
demographic proﬁles, relevant information and opinions of individual farmers. In consonance with
the study objectives, it is expected that different communities, and the gender, age, educational status,
migrant status, and family/household status within communities will be tied to farmers’ perceptions
of climatic changes, potential causes, receptiveness to climate change mitigation projects and general
opinions about climate change.
This paper investigates the perceptions of smallholder cocoa farmers on the inclusion of climate
change mitigation strategies and payment for ecosystem services into land/farm management
objectives. Speciﬁcally, this study:
1.
2.

Examines cocoa farmers’ knowledge and perceptions of climate change in contrast with climate
data and potential impacts of climate change on cocoa production;
Investigates the perceptions of smallholder farmers on the feasibility of including climate change
mitigation strategies in cocoa farming;
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3.

4.

Explores the roles of scientiﬁc and non-scientiﬁc actors (cocoa farmers and non-cocoa farmers) in
promoting the implementation of climate change mitigation strategies in combination with cocoa
production; and
Examines potential obstacles to incorporating climate change mitigation strategies into
cocoa production.

2. Materials and Methods
2.1. Study Area
The study was carried out in the Krokosua Hills Forest Reserve (KHFR), in the Juaboso District of
the Western Region of Ghana (Figure 1). Speciﬁcally, the study was conducted among smallholder
cocoa farmers resident in communities that fringe KHFR, one of the major forest reserves in the
Western Region. KHFR covers an area of about 481.61 km2 (48,160 ha), situated at the east bank
of River Bia and bisected by the Sefwi-Wiawso—Côte d’Ivoire border road (6◦ 15 –6◦ 40 N and
2◦ 40 –3◦ 00 W) [44]. Cocoa farming (agriculture) is the main source of livelihood for people living
around the reserve [45]. Between 2006 and 2009, the population of thirteen large fringe communities
was 66,766. For management purposes, KHFR has been designated into two major zones: (1) the
production zone (where harvesting of timber and non-timber forest products is ofﬁcially permitted for
prospective Timber Utilization Contracts (TUC, a written contract signed by the Sector Minister and
ratiﬁed by the Parliament of Ghana granting a timber harvesting right to its holder upon a successful
competitive public bidding process) and permit holders respectively—23,639 ha) and (2) the protection
zone (includes areas of high biodiversity conservation priority, areas recovering from past disturbances
and no timber harvesting areas—24,521 ha) [44].

(a)ȱ

(b)ȱ

ȱ
Figure 1. Ecological zones in Ghana highlighting the location of the Krokosua Hills Forest Reserve
(KHFR) (a). Ecological zones correspond with the legend, with KHFR located in the moist
semi-deciduous zone. Map of KHFR showing approximate locations of study communities is also
shown on the right side of the ﬁgure (b).

219

Forests 2018, 9, 742

Prior to the ofﬁcial designation of the KHFR as a Forest Reserve in 1948, fringe communities
utilized the land for agriculture and cocoa farming. After the reservation status was conferred, cocoa
farms were given legal status to remain in the forest and were termed admitted farms. Per the most
recent management plan, there are 38 admitted farms in the reserve. These admitted farms have
footpaths as routes connecting farms and huts scattered within the forest. Over time, population
growth and land scarcity have forced cocoa farmers to extend their farms further into the forest and
outside the area demarcated for cocoa production (admitted farms) [44]. Cocoa farming is the leading
driver of deforestation in the region [46].
2.2. Farmer Selection, Data and Analysis
The study targeted cocoa farming communities within a range of 2 and 5 km away from the KHFR.
The distance varied to sample cocoa farmers who interacted with or speciﬁcally had cocoa farms within
the KHFR. A mixed method approach (qualitative and quantitative methodologies) was used. Apart
from the inherent trait of complementarity of qualitative and quantitative procedures, using mixed
methods provides a platform for cross-checking and validation of collected data [47]. A list of farmers
in the target communities was not readily available so the study identiﬁed farmers through community
heads and leaders. Farmers were then stratiﬁed based on gender and randomly selected for interviews.
A purposive sampling approach employing snowballing (i.e., respondent referrals) was also used to
increase sample size and heterogeneity of respondents. A total of 205 face-to-face interviews were
administered in 30 communities surrounding the KHFR between December 2016 and February 2017.
Identifying information for responses given were not taken as per the instructions of the Institutional
Review Board of the University of Washington. In each community, unequal samples were obtained,
with at least 2 interviews in selected communities. Interviews were conducted at home and on farms
and lasted between 60 to 90 min. Notes were taken as the interview progressed with corresponding
answer choices checked as well. Questions were prepared in English but the local language, Twi,
was used during the interview except in situations where respondents could understand English.
Survey enumerators were given prior training in translation and the survey instrument.
Survey questions were structured into four different themes: (1) knowledge on climate change,
(2) perceptions about climate change mitigation strategies, (3) roles of local and external stakeholders,
and (4) potential setbacks to climate change mitigation strategies, and examined for demographic
trends (e.g., gender, age, level of education and migrant status). Questions were designed to
collect mostly quantitative data (structured) but also included qualitative data collection through
semi-structured (open ended) questions to allow farmers to expatiate on opinions and in so doing
verify answers given on structured questions.
Answers to survey questions were ﬁrst summarized in Microsoft Excel and R statistical software
was used for statistical analysis. Descriptive analysis such as modes, frequencies and percentages
were used to summarize data. As responses from farmers did not follow a normal distribution,
a Mann-Whitney and Kruskal-Wallis (KW) test were employed where variables had only two levels
(gender, migrant and household status) and three or more levels (community, age and educational
level) respectively. Individual questions on knowledge and perception of climatic changes, causes and
related impacts (Table A1) were used as dependent variables. For statistically signiﬁcant results on
variables with three or more levels, a post-hoc Dunn Test using the Bonferroni-type adjustment of
p-values (to reduce type I error) was used to determine which group(s) accounted for the signiﬁcance.
Based on the four themes of the survey, Likert scale questions were utilized. Questions on
ﬁve-point scales were converted to three groups; group one combined responses for agree and strongly
agree, disagree and strongly disagree on group two and neutral responses on group three. Questions
on 4-point Likert scales were converted into binary variables; e.g., not at all worried and not very
worried were recorded as zero whiles somewhat worried and very worried were recorded as one for
the binary variable [34]. Open-ended questions were categorized under the survey question themes
and further sorted for recurring words and phrases (open coding, [48]).
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Monthly means of maximum and minimum temperature and monthly precipitation climate
data were collected from the Ghana Meteorological Agency for the period 1970–2017 from the closest
weather station (Sefwi Bekwai), which is about 55 miles from the study area. Data were used to
describe the physical environment and compare perceptions of climate change to climatic records.
A Mann-Kendall (MK) test was used to determine monotonic trends in climatic variables over the
period [49,50]. A cutoff of α = 0.05 was used to determine signiﬁcance in trends [51]. The weather
data allows for comparisons with the experiences and observations of individual farmers and the
overall community experience. To verify answers on perceptions regarding the length of dry and
wet seasons (drought), the Standardized Precipitation-Evapotranspiration Index (SPEI) was used.
SPEI is based on a combination of Palmer Drought Severity (PDSI) and Standardized Precipitation
Indexes (SPI) [52]. SPEI incorporates temperature by ﬁnding the difference between precipitation (P)
and potential evapotranspiration (PET) (using Thornthwaite’s equation [53]) to produce an adjusted
log-logistic distribution. Upon choosing an appropriate time scale, standard deviations of average
values are calculated [54]. SPEI lends from SPI to classify drought severity in a range between no
drought (≥0) and extreme drought (≤−2) [55]. Estimation of SPEI was done using the SPEI package
in R [56].
3. Results
3.1. Historical Climate Trends
3.1.1. Temperature
Based on the MK test on data from 1970 to 2017, temperature has signiﬁcantly increased, a probable
manifestation of climate change. Analysis of mean monthly minimum (τ = 0.285, p < 0.001) and
maximum (τ = 0.168, p < 0.001) temperature both indicated statistically signiﬁcant increased trends
(Figure 2a,b). The mean temperature observed for the period 1970–2017 ranges from 22.6 ◦ C to 32 ◦ C
for minimum and maximum respectively. Seasonal MK tests (SMK) also revealed an increasing
seasonal temperature trend for minimum (τ = 0.395, p < 0.001) and maximum (τ = 0.460, p < 0.001).
For recordings of mean minimum temperature, the lowest record for the period (1970–2017) was
18.2 ◦ C which was in January 1975, while the highest record was taken as 27.7 ◦ C in February 2011.
Maximum temperature on the other hand, had its lowest record as 28 ◦ C in August 1982 and highest
record for the period as 37.2 ◦ C in February 1995. Generally, low temperatures were mostly between
August to January while February to June were the hottest months.
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Figure 2. Monthly trend analysis of minimum and maximum temperature (a,b) in ◦ C and precipitation
in mm (c) at the Sefwi Bekwai weather station. Data was obtained from the Ghana Meteorological
Agency (Kumasi, Ashanti Region, Ghana). Test for overall trend in data is shown by the red line with
statistical test results indicated by Kendal’s Tau (τ) and a resultant p-value. Tests for seasonality in
data is indicated in blue and results shown with the Seasonal Mann-Kendall test (SMK). The “Kendall”
package in R statistical software was used for the analysis.

3.1.2. Precipitation
Weather records indicated that since 1970, mean precipitation has consistently been above
1000 mm. Trend analysis however indicates an erratic rainfall pattern which is conﬁrmed by the
MK test. Speciﬁcally, the MK test detected no speciﬁc trend (τ = 0.013, p = 0.631). Although Kendall’s
tau remained positive (τ = 0.013), that is overall rainfall increased, the increase was not signiﬁcantly
different from zero. A seasonal MK test (SMK) further conﬁrmed no seasonality trend in precipitation
over the period (τ = 0.023, p = 0.420) (Figure 2c). Apart from 1977, 1981, 1982, 1983, 1986 and 2016,
all other years recorded rainfall greater than 1250 mm, the minimum value required for optimum
cocoa production. The lowest and highest precipitation were recorded in 1983 (1071 mm) and 1980
(1826.5 mm) respectively. The most signiﬁcant drought event in Ghana occurred in 1983, reinforcing
the signiﬁcantly low precipitation level for that year.
3.1.3. SPEI (Drought Severity)
Figure 3 shows SPEI values (using monthly data) for the study area, showing a decrease in
extended wet periods. Periods of dryness on the other hand have increased, particularly from
2000–2017. There is indication that the area witnessed its worst drought (SPEI < −2) between 2014
and 2016.
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Figure 3. Time series of Standardized Precipitation-Evapotranspiration Index—SPEI values for Sefwi
Wiawso (55 miles from study site): 1970–2017. Areas in blue indicate periods of no drought and red
depicts periods of drought and corresponding SPEI values.

3.2. Characteristics of Respondents
Survey respondents were all adults (>18 years) mostly between 30–59 years; 67% were male and
33% female, a proportion epitomizing cocoa farming as a predominantly male-dominated activity.
Approximately 65% of respondents were over 45 years-old. Educational levels ranged from basic
(46%), to secondary (16%), to tertiary (7%) and no formal education (31%). Male farmers were generally
more educated, 74% (compared to 61% of females) having received either basic, secondary or tertiary
education. While females had similar basic education (51%) to males (49%), more males (19%) than
females (6%) had received secondary education. Among male respondents, 87% were household heads.
Only 23% of females were heads of their households. Natives of communities were generally more
educated (71%) than non-natives (66%). Most respondents were married (86%), Christian (80%) and
natives of their respective communities (71%) (Table A2).
3.3. Farmer Knowledge and Perceptions of Climate Change and Impact on Cocoa Production
Most farmers had perceived changes in climatic patterns over the last 20 years. Notably, farmers
perceive rising temperature (88% of famers) and reduction in the amount of rainfall (89% of farmers) in
recent times. Within the same period, the length of the wet season had reduced (81%), with a resultant
increase in dry spells (89% of farmers) (Table 1). A small proportion (<1%) of farmers indicated they
had witnessed spikes in cases of wildﬁres within the same period. Farmers overwhelmingly (95%)
agreed that observed and experienced climatic changes over the past decade have had a negative
impact on cocoa yields. The remaining respondents were evenly split on yields: some said they
remained the same (2%) or improved (2%), respectively over the last decade.
Table 1. Respondent perceptions of climatic changes (n = 205).
Climatic Variables

Increased (%)

Decreased (%)

Temperature
Rainfall
Length of Wet Season
Length of Dry Season

88
2
9
89

5
89
81
6

Descriptive examination of survey responses indicated that farmers believe that climatic changes
are mostly as a result of human activities; precipitation (181: 88%) and temperature (175: 86%).
This ﬁnding is consistent with farmers’ belief that climatic changes are not just isolated climatic
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anomalies. Farmers mostly disagreed that both precipitation (71%) and temperature (75%) were
climatic anomalies. Superstitious (curses/spells) association with climatic changes were mostly
dispelled by respondents with respect to changes in precipitation (85%) and temperature (81%).
On the possible human attributable causes of climatic changes, illegal logging (95%) was the most
highlighted. Slash and burn agricultural practice in the area (84%) as well as pollution from vehicles
(83%) were similarly pointed out as detrimental to the environment. According to 80% of respondents,
widespread woodfuel harvesting could also contribute to climate change. Despite previous research
on the potentially harmful environmental impacts of implementing full-sun cocoa systems (cocoa
monocultures), the majority of farmers (65%) believed such systems do not contribute to climatic
changes, as opposed to 30% who perceive a change to full-sun cocoa systems, a plausible climate
change driver (Figure 4).

ȱ

Figure 4. Number of survey responses to two questions on beliefs associated with climate change
(a) and causes of climatic changes (b). A total of 205 responses were collected with few respondents
choosing not to respond. Groups were created from a 5-point Likert scale in 3 categories: Agree,
Disagree and Neutral. Each stacked bar depicts responses into 3 groups with the corresponding
question listed in the left strip. Labelled bars indicate only the majority response.

Farmers’ experience of climatic changes in recent times has heightened their fears about the
future outlook of their main income earner, cocoa farming. Almost all farmers, 202 out of 205,
expressed worry about changing climate. Concerns were mostly about reduction in cocoa yield (195),
food crop loss due to droughts (181), increased rate of crop disease and pest infestation (135),
increased wildﬁre incidents (127), and increased cocoa tree mortality associated with ﬂooding (76).
As a climate ameliorating mechanism, respondents held similar opinions on the role of trees in
regulating temperature (94%) and precipitation (93%). According to respondents, speciﬁc climate
change initiatives will mostly require a participatory approach (94%) as well as governmental
interventions (78%). When farmers were asked to elaborate on what participatory approach they were
speciﬁcally referring to, comments like “it is not any government, but we must get involved in the
ﬁght against climate change”, “government and citizenry must make concerned effort in the ﬁght
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against climate change”, “government alone cannot ﬁght the climate change menace so we must get
involved”, “government and stakeholder should all rise against climate change”, and “all should
participate in effort to combat climate change” were made. This suggests that farmers believe their
active participation in developing/implementing climate change mitigation efforts is paramount to
its eventual success. Farmers believe climate change is a reality and also agree, unanimously, that,
interventions are vital to avert potentially devastating impacts on future generations (92%).
3.4. Information Related to Climate Change Mitigation Strategies and Perceptions of Farmers
Hybrid cocoa is the predominantly cultivated variety in the communities surveyed. More than
80 percent of farmers claim to plant this variety. Farm observations revealed that, such farms
had a combination of trees, cocoa and food crops, with signiﬁcant open patches in tree canopy
to allow optimum level of sunlight. Some farmers (10%) had some of their farms with closed
overhead tree canopies being described as traditional shaded cocoa stands. Other farmers (7%)
also noted that they had some farm lands dedicated to cocoa monocultures. Cocoa lands were mostly
acquired from relatives who were still alive or through inheritance (46% of farmers). Some farmers
procured their own lands (42%), while others leased (15%) or had lands in multiple ownership
categories. Farm sizes depicted the overarching Ghanaian smallholding cocoa farm/cultivation
technique, revealing speciﬁcally that farmers mostly had 2 tracts of lands between sizes 0.4–2 ha,
with cocoa trees ranging between one year to 19 years.
According to farmers, the choice of cocoa variety was mostly as a result of time to maturity (90%),
resistance to pests and diseases (67%), expert advice from extension agents (62%), and availability (49%).
Maintaining trees on cocoa lands seems plausible to many farmers (92%) in the study area by virtue
of the inherent beneﬁts to the environment. Interestingly, the idea of direct monetary beneﬁts for
tree maintenance on cocoa lands met a lesser response than preserving trees for their inherent value.
Although the majority of farmers agreed to maintain trees on their farms for direct monetary beneﬁts,
a reduction of 17% was observed (a total of 75%) for farmers who answered yes. Farmers were
almost even regarding their views on current tree tenure, which allocated ownership/beneﬁts from
trees differently based on location of tree within the forest reserve and outside it. It was speciﬁcally
observed that 51% of 205 farmers were satisﬁed with the current tree tenure, in sharp contrast to the
remaining 44%, who held a dissatisﬁed opinion of tree tenure.
3.5. Investigation into the Role of External Stakeholders in Cocoa Farming and Pathways to Increased
Acceptability of Climate Change Mitigation Strategies and Potential Setbacks
Results revealed that communities in the study area had witnessed substantial presence of
extension agents from governmental organizations and initiatives on cocoa as well as that of
non-governmental organizations. Overall, farmers were satisﬁed (84%) with the inﬂuence such
stakeholders had had on cocoa farming. Farmers in general indicated their inclusion in any direct
income earning climate change mitigation strategy will hinge on the details of such a strategy. A total
of 81% shared this opinion. Farmers (89%) suggested that the presence of extension agents will be
vital as a bond of trust for any such project. Ultimately, the provision of farming incentives (68%) and
assurances on the sustainability (63%) of climate-related strategies are equally important to enhance
farmers’ interest.
The study shows that cultural practices of cocoa farmers tend to release carbon due to vegetation
removal. Although this was not evident on the farms that were visited, 76% of farmers interviewed
revealed they mostly cut down cocoa trees when they see signiﬁcant reduction in yield. Cutting
down illegally cultivated cocoa trees in the area has mostly been done by staff of the Forestry
Commission (the government body in Ghana tasked with management and regulation of forest and
wildlife resources) to combat further encroachment of farm lands into the forest reserve, making
this ﬁnding surprising. Farmers (27%) also indicated that they removed some timber trees to open
the canopy and subsequently allow more incident sunlight to cocoa trees, when cocoa trees begin
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to decline in yield. The remaining farmers either leave the cocoa farm/trees or abandon the land
completely when cocoa yield declines beyond commercially acceptable levels.
During preparation of lands for cultivating cocoa and other agricultural crops, slash and burn is
the preferred strategy (88% and 32% respectively). Illegal logging is quite prevalent in the study area
and cocoa farms with economically attractive timber species are the prime targets. Farmers indicated
that illegal logging is reported to the Forestry Commission (57%). Despite this observation, farmers
indicated that response and actions to such offenses are not always effectively dealt with. Farmers are
sensitive about this topic, since illegal loggers do not conform to any logging standards and almost
always leave signiﬁcant damage to cocoa trees in the process. As a safeguard strategy, farmers resort
to inducing mortality (through girdling, burning and pouring hot water on roots) of economic tree
species before they reach maturity or merchantable structure/form (23%).
3.6. Statistical Variations among Responses Based on Demographic Attributes
We found differences in responses among farmers based on socio-demographic attributes
including: community, age, gender, educational status, migrant status, and family/household status.
Variations among communities were the most prevalent. All thirty communities generally shared
similar climate experiences, with the majority response of increasing temperature/length of dry season
and decreasing rainfall/length of wet season contributing 87% of responses, in comparison to 13% of
other responses (p < 0.05). Gender also showed statistical differences among responses to observed
temperature (p = 0.01), and rainfall (p = 0.03) variations; male respondents were more likely to have
experienced increasing temperature (93%) and rainfall (93%) than females (78% and 81% respectively).
On the other hand, age, migrant, and household status appears not to be a signiﬁcant contributor to
responses on climate experience (p > 0.10 for all responses).
Despite near unanimous agreement (95% of community responses) on the potentially negative
impacts of climatic changes, concern regarding climate change impacts on cocoa yields varied
signiﬁcantly (p < 0.001). Most communities (77%) believe that collection/harvesting of woodfuel
contributes to climate change. Other respondents (23%) had an opposing view which was statistically
different from the majority response (p < 0.001). Responses to questions on slash and burn as an
agricultural practice that contributes to climate change (80% of responses) also varied signiﬁcantly
among communities (p = 0.03). The age of a respondent may also contribute to farmers’ views on the
contribution of illegal logging to climate change (p = 0.06); with respondents 18–29 years old more
likely to believe this (100%) than those in other age groups (94%). Cocoa monocultures have been
highlighted as a potential environmental degrading agent, however native farmers (59%) found this to
be less of a problem than non-native farmers (72%; p = 0.02).
The association of traditional beliefs and myths (such as curses and natural causes) to climate
change appears to be community speciﬁc (p < 0.01). However, farmers’ thoughts on human activities
effects on rainfall patterns were statistically uniform (p = 0.22). Gender ascription of superstition
(e.g., curses) to changes in rainfall patterns as a result of climate change was found to be statistically
signiﬁcant (p = 0.01). Females were found to be more superstitious than men. To a lesser extent, gender
also inﬂuenced perceptions on rainfall just being a natural weather anomaly (p = 0.09). Overall, there
was a general consensus (98% of responses) on the immediate concern about climate change impacts
on their livelihoods and social well-being. However, farmers’ view of future implications of climate
change varied signiﬁcantly among the study communities (p < 0.001); 92% of community responses
pointed to a high likelihood of negative impacts.
Farmers’ responses showed no differences in the perceived ability of trees to regulate temperature
(p = 0.88) but there was a difference in response to trees’ role in regulating rainfall (p = 0.04). There was
a general acceptability of cocoa production which includes tree maintenance for ecosystem services
exclusively, and one that remunerates farmers for maintaining trees on their farms, however, answers
varied signiﬁcantly among communities (p < 0.001). Tree tenure has historically been a contentious
issue particularly at the community level. Communities have different opinions on current tree tenure
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arrangements (p < 0.001); (51%) believed that current tenure patterns are satisfactory in contrast to
those (44%) who hold a dissatisﬁed opinion about tree tenure. The educational and migrant status of
farmers plays a signiﬁcant role (p = 0.02 and p = 0.04 respectively) in respondents’ opinions on existing
tree tenure regulations. Post-hoc tests indicate statistical differences among respondents with basic
education (58% satisﬁed) and those without any formal education (38% satisﬁed; p = 0.01). Native
farmers (56%) were generally more satisﬁed with current tree tenure than migrant farmers (40%).
Age (p = 0.07) and gender (p = 0.09) also contributed to respondent thoughts on tree tenure. Younger
age groups were more satisﬁed with existing tree tenure arrangements than older generations. Lastly,
although farmers believe the inﬂuence of external help (through extension services) has mostly
resulted in positive on-farm cocoa production (84%), a section of responses disagreed (13%; p = 0.03).
Education also inﬂuenced farmer impressions on the input of extension and related services (p = 0.04).
Respondents with basic education (42%) were more satisﬁed whereas those with tertiary education
(6%) were the least satisﬁed with the inﬂuence of external help.
4. Discussion
4.1. Variations in Climate Change Knowledge/Perceptions Based on Social Indicators and Potential Impacts
4.1.1. Accuracy in Climate Change Knowledge/Perceptions
Changes in climatic pattern were widely recognized by resident cocoa farmers in communities
surrounding the Krokosua Hills Forest Reserve. Perceptions about increasing temperature patterns are
consistent with trend analysis (Figure 2). Trend analysis of rainfall, however, did not conform with
respondents’ views. The trend analysis indicated no signiﬁcant change in the amount of rainfall over
the same period (1970–2017), contrary to popular respondent belief that rainfall amounts have reduced.
These observations have been previously stated by [4] with regards to temperature. The problems
associated with rainfall observations have also been highlighted in the literature [5].
The respondents’ perceptions appear responsive to drought, which was captured by SPEI values.
Prolonged dry spells, in particular are a major concern to respondents due to their close association
to cocoa yield and productivity. Respondents suggest that plummeting cocoa yield in the area is a
manifestation of climatic changes. These concerns have been raised previously by [3,8–10]. The correct
observation of increasing temperature trends and length of dry season in this study also brings into
perspective that farmers accurately perceive weather patterns in relation to crop production and tend
to amend their farming practices accordingly [34].
Since the link between climate change perceptions and people’s likelihood of subscribing to
environmental protection strategies (in general) has already been established [34,35], we evaluated
the level of accuracy with which local indigenous small holder farmer climate change knowledge
compares with empirical weather data. Farmers’ reliance on their indigenous knowledge and
associated perceptions, leading into a deﬁned climate experience, leads them into taking core decisions
regarding their farming/cultural practices [30]. Ultimately, the accuracy of climate change perceptions,
or speciﬁcally the potential for negative impacts of climate variability, are essential for maintaining
cocoa agriculture [20]. Our ﬁndings suggest farmers do not always perceive climatic changes accurately,
leaving room for further efforts to relay climate information to them.
4.1.2. Interplay between Social Indicators, Climate Experience and Potential Outcomes
A major observation of this study was that although communities were situated in the same
geographic location, opinions on climate change and related occurrences vary considerably. Thus,
community heterogeneity is of paramount concern in the enactment of any climate-based initiative
since farmers’ opinions and experiences differ within the least temporal and spatial differentiation,
irrespective of geographical location [36]. Contrary to other studies [28,37,42], age did not have
a strong inﬂuence on perception or knowledge on climate change. Age may however inﬂuence
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opinions on the causes of climate change, biological climate control methods, and tree tenure. Gender,
on the other hand, signiﬁcantly inﬂuenced overall farmer climate experience, demonstrating that
gender inﬂuences knowledge and perceptions on climate change [39,40]. Similar to ﬁndings that
determined male farmers generally have more access to climate information than female counterparts,
male respondents were found to be more educated at higher levels than females. Although this study
did not ﬁnd a strong linkage between education and perception/knowledge on climate change among
male and female farmers, education played a signiﬁcant role in determining opinions and differences
regarding current tree tenure mechanisms and ratings of external/extension help with cocoa farming.
It was noted that these differences were mostly between educated and non-educated farmers.
The sensitivity of tree and land tenure was also observed in this study. Migrant farmers
(non-natives) offered harsher criticism of existing tree tenure arrangement than natives. This is
however not a surprising ﬁnding. A lack of property rights among migrant farmers may inﬂuence
interest in long-term investments [43], like tree planting and management in this case. In addition,
migrant farmers are more likely than native farmers to engage in cocoa monoculture. Since migrant
farmers lack property rights, it heightens their propensity to engage in activities or cocoa farming
practices (in this case), that may be detrimental to the environment.
4.2. Cocoa Farming for Livelihood and Climate Change Mitigation: Views of Smallholders
This study investigated how farmers felt about incorporating climate change mitigation
mechanisms, like REDD+ into their farming activities. As seen in [13,27], the main attribute of
climate change mitigation mechanisms is to improve livelihoods and concurrently, enhancement of
environmental protection goals. Farmers in general, acknowledged the importance of environmental
protection and correctly noted aspects of their farming activities that are detrimental to the environment.
Farmers also appreciate the climate ameliorative ability of trees and tree maintenance on their
farms. The addition of monetary incentives, however, was marked with skepticism among farmers.
Fewer farmers appeared to understand how a system of tree maintenance on their cocoa farms was
going to provide them direct income as against one that prescribes maintenance for environmental
protection. The only direct mechanism known to farmers is one in which the tree is eventually
harvested, and some proceeds are extended to a farm/tree owner (per prescribed beneﬁt sharing
arrangements; see [57]). Such a system clearly navigates away from the goals of REDD+ but
seems to be the only plausible explanation, apart from maintaining trees for ecosystem beneﬁts
exclusively. Elsewhere in one of the very ﬁrst REDD+ project sites in the Brazilian Amazon region,
farmers’ perceptions and eventual participation in the project was signiﬁcantly improved with a
decentralized approach. This approach fostered active farmer participation in the planning phase of
REDD+, a move that promoted equity at both the community and individual farmer level regarding
information on REDD+. This signiﬁcantly inﬂuenced acceptability and success of the project in the
area [58]. In essence, this study corroborates the ﬁndings of [33] which asserted that socio-cultural
attributes signiﬁcantly inﬂuence social acceptability of agroforestry systems. For purposes of this
study, community heterogeneity and migrant status appear to be the signiﬁcant factors for the
adoption of climate change mitigation mechanisms in cocoa farming. Community heterogeneity
in particular has been discovered to have a strong connection with social capital, which is the driving
force for improved performance of mainstream developmental initiatives (like REDD+). Speciﬁcally,
pronounced community heterogeneity may inﬂuence social capital [59].
4.3. Pathways to Integration of Climate Change Mitigation Mechanisms: The Role of Stakeholders (Extension,
Forestry Commission, Farmers’ Cooperatives/Community Based Organizations, Civil Society Organizations,
Cocoa Buying Companies)
The essential role of agricultural extension has been reported in implementing a Climate-Smart
Cocoa (CSC) approach [7]. The approach recommends broadening the scope of cocoa-related extension
efforts to increase and improve the capacity of cocoa farmers [12] to adopt environmentally friendly
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mechanisms which also fulﬁll socio-economic goals. Within the CSC framework, this study noted that
farmers generally held a satisfactory opinion regarding the inﬂuence of other stakeholders when it
comes to cocoa farming.
Stakeholder inﬂuence has mostly been towards helping farmers make sound decisions from cocoa
cultivation to ﬁnal cocoa bean sale. The already established cordiality between cocoa farmers and
other stakeholders presents an opportunity to disseminate information on climate change mitigation
and could also act as a social safeguard for farmers willing to invest time and other resources
towards mitigation strategies. An added beneﬁt of such safeguards will see a reduction in costs of
implementation and monitoring of climate change mitigation strategies [19]. The active participation
of civil society organizations in general has been highlighted as a proponent of REDD+ related
activities [19].
4.4. Potential Roadblocks to the Successful Incorporation of Climate Change Mitigation Strategies into
Cocoa Production
Climate change related strategies generally prescribe mechanisms aimed at carbon neutrality.
REDD+ in particular hinges on speciﬁc implementation criteria: (1) simpliﬁcation of tree tenure
and beneﬁt-sharing mechanisms, (2) clear demonstration of the impact of REDD+ in comparison to
scenarios without it (additionality), (3) assurance of adherence to REDD+ goals for as long as the
project lasts (permanence and risk assessment) and (4) guarantees that REDD+ project sites do not
promote carbon release in other areas (leakage) [12–14]. Cocoa farming in general, has had a checkered
history when it comes to its association with forests, in fact spearheading massive deforestation since it
became a mainstay of the Ghanaian economy [60,61]. This study showed that although cocoa farming
communities around the KHFR recognize the importance of environmental protection and its relation
to climate, their activities, per se, pose potential challenges for the implementation of a full-scale
REDD+ project. Illegal logging on cocoa farms has necessitated an historical imperative for farmers
to take preventative actions by inducing mortality in trees of economic importance before they reach
maturity. Farmers often have several portions of fragmented cocoa farms. It is unclear how to make
sure farmers maintain carbon neutrality on other portions of lands, especially in cases where they put
only portions of their lands under REDD+. Cultural practices of farmers tend to favor carbon release
in cases where cocoa productivity declines signiﬁcantly due to age or shade. Farmers noted that tree
removal was essential in such cases to reduce the level of shading to optimum levels. Undesirable
cocoa trees are also removed during shade tree removal. The importance of tree tenure needs to be
emphasized. A REDD+ project will need to develop ways to address all these challenges to facilitate
full scale implementation and realization of its goals.
We identiﬁed a lack of willing participation in programs which provide payments for ecosystem
services (PES). The skepticism of farmers on PES could lead to an eventual removal of intrinsic
and altruistic characteristics relating to environmental conservation/protection. The motivation
behind general environmental stewardship could potentially be reduced to how much can be earned,
and becomes even more complicated when you place people receiving payments for ecosystem services
in close proximity to those who are not [62].
5. Conclusions
The novelty of climate change mitigation strategies has been heralded by the international
scientiﬁc community as a gateway to the implementation of desirable forest governance mechanisms
with signiﬁcant potential to inﬂuence the livelihoods of developing economies. This notwithstanding,
such mechanisms are prone to several obstacles which could work against implementation. Since the
inception of REDD and REDD+ ideologies into scientiﬁc platforms in Ghana, several attempts have
been made to move beyond pilot projects towards full scale implementation. While these attempts
are laudable, this study provides data to support a bottom-up approach to effectively manage the
challenges surrounding climate ameliorating strategies in general.
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There is reason to recommend a REDD+ strategy that takes into consideration speciﬁc community
needs. This study revealed that even within the same geographical location, perceptions and
knowledge on climate change vary signiﬁcantly. The cocoa growing mosaic presents an entirely
new challenge to the implementation of REDD+. Cocoa has historically driven the economies of
communities in these areas and though farmers welcome other livelihood and environment enhancing
opportunities, there is ripe skepticism about the potential success and sustainability of such ‘new ideas’.
As farmers suggested in this study, climate change mitigation efforts need to effectively ensure the
participation of farmers in initial project designs. A “think big, but start small” approach has the
potential to help formulate community- or location-speciﬁc strategies towards implementation of
REDD+. With that in mind, the global community needs to deliberate on measures to implementing
an adaptable REDD+ program moving away from the strictly national-scaled orientation of strategies.
There are several ecological zones in Ghana, each with unique physiography, biological assemblages,
and agroforestry capacity. It remains to be determined if a single deﬁnition of a forest is equally
applicable to all such ecosystems. This study suggests REDD+ and other climate change mitigation
strategies may need to adopt a signiﬁcant degree of ﬂexibility and focus more on the human dimensions
aspect, especially in areas where cocoa production is interwoven into general forestry practice.
See Table A3 for a summary of major ﬁndings of the study.
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Appendix A
Table A1. Kruskal Wallis and Mann Whitney test results indicating statistical differences (p < 0.05)
between farmer groups/responses based on variables: community, age, gender, education, migrant
status and household status.
Description of Variable
Section 1
Observed climatic changes
Temperature
Rainfall
Length of Wet Season
Length of Dry Season

Groups

Community

Age

Gender

Education

Migrant
Status

Household
Status

Increased
Decreased Same
Don’t know

0.004 **
<0.001 ***
0.007 **
<0.001 ***

0.588
0.852
0.897
0.972

0.009 **
0.034 *
0.801
0.936

0.464
0.425
0.343
0.935

0.703
0.184
0.089 ·
0.840

0.178
0.124
0.187
0.260

Positive Negative
No impact Not sure

<0.001 ***

0.920

0.088 ·

0.677

0.228

0.125

Agree Disagree
Don’t know

<0.001 ***
0.015 *
0.081 ·
<0.001 ***
0.032 *

0.838
0.056 ·
0.885
0.356
0.150

0.248
0.811
0.952
0.653
0.837

0.354
0.988
0.391
0.658
0.835

0.024 *
0.764
0.141
0.140
0.984

0.518
0.277
0.198
0.544
0.798

Climatic impacts on cocoa yield

Views on causes of climatic
changes
Cocoa monocultures
Illegal logging
Vehicular pollution
Woodfuel usage
Slash and burn agriculture
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Table A1. Cont.
Community

Age

Gender

Education

Migrant
Status

Household
Status

0.009 **
0.002 ***

0.568
0.288

0.223
0.009 **

0.357
0.806

0.545
0.913

0.880
0.348

0.002 ***

0.899

0.833

0.780

0.479

0.481

0.223

0.486

0.416

0.419

0.637

0.884

<0.001 ***

0.657

0.261

0.520

0.566

0.237

<0.001 ***

0.488

0.088 ·

0.510

0.529

0.218

0.877
0.042 *

0.091 ·
0.098 ·

0.501
0.289

0.596
0.325

0.210
0.416

1.000
0.216

Yes No

0.691

0.364

0.193

0.785

0.859

0.136

Yes No

0.001 ***

0.256

0.130

0.109

0.489

0.987

Yes No Maybe

0.002 ***

0.580

0.916

0.253

0.106

0.734

Yes No Maybe

<0.001 ***

0.190

0.697

0.403

0.030 **

0.563

Good Bad Neither

<0.001 ***

0.071 ·

0.099 ·

0.013 **

0.044 *

0.103

Good Bad Neither

0.029 *

0.468

0.925

0.044 *

0.282

0.262

Description of Variable
Climate change beliefs
Curses (Temperature)
Curses (Rainfall)
Human activities
(Temperature)
Human activities (Rainfall)
Natural occurrence
(Temperature)
Natural occurrence (Rainfall)
Tree regulation of climate
change
Temperature regulation
Rainfall regulation

Groups

Agree Disagree
Don’t know

Agree Disagree
Don’t know

Concern about climate change
Future implications of climate
change
Section 2
Tree maintenance for ecosystem
services

Tree maintenance for payment

Rating of tree tenure

Section 3
Rating of external help

Signiﬁcant difference: *** = p < 0.001; ** = p < 0.01; * = p < 0.05; · = p < 0.1

Table A2. Demographic characteristics of cocoa farmers in communities surrounding the KHFR (n = 205).
Attribute

Category

Percentage of Total Respondents

Gender

Male
Female
Less than 18
18–29
30–44
45–59
>60
Basic
Secondary
Tertiary
No Formal Education
Married
Single
Divorced
Widowed
Native
Non-native
Christian
Muslim
Traditionalist
Other

67
33
0
3
32
49
16
46
16
7
31
86
6
4
4
71
29
80
10
5
5

Age

Highest Level of Education

Marital Status

Migrant Status
Religion
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Table A3. Summary of major ﬁndings.
Implications/Recommendations for Climate
Change Mitigation

Findings
Farmers accurately perceive changes in climate
(particularly temperature and drought).
Farmers’ perceptions on precipitation and length may
not always be consistent with empirical weather data.
Population/community demographics play a major
role in climate perceptibility and subsequent actions
to take regarding cocoa farming.
The concept of payment for ecosystem services,
which has been adopted by most climate change
mitigation strategies, has not been fully explained.
Cocoa farmers share a cordial relationship with
extension services and other stakeholders associated
with cocoa farming.
The current situation of illegal logging on cocoa
farms may exacerbate carbon release.
Cultural practices favor removal of overhead shade to
facilitate productivity/yield of cocoa.

Perceptions guide farmers in choosing farming
practices.
It is prudent to accurately inform farmers about
climate since this may have implications for
environmental protection in general.
Mitigation strategies need to zero in on speciﬁc
community/population attributes to foster effective
implementation.
There is a need to adopt strategies that engage
farmers in designing climate change mitigation
strategies or better still, improve their capacity to
understand the concept.
This presents a practical opportunity to relay
information on climate change mitigation strategies
to cocoa farmers.
Pertinent measures are needed to curb illegal logging
on cocoa farms.
Strategies need to emphasize practices that favor tree
retention on cocoa farms.
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