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Abstract: Sustainable forestry is key to increase the adaptive capacity and resilience of regions
exposed to extreme atmospheric events. Understanding social acceptability of forest management
practices through a public dialogue that involves a diversity of stakeholders is important to define
management policies and strategies. Here, we inquire about social acceptability of a sustainable
forestry industry in Puerto Rico by convening a set of local experts from private, non-profit, and public
sectors through focus group discussions. We presented three scenarios characterized by different
elements of sustainability. Discussions included organizational and management considerations,
potential products and markets, and the impact of extreme weather events. The results show that
greater agreement was observed within groups than across groups. Most of the private sector
participants valued mainly financial viability, while the public and the non-profit sectors gave more
importance to social equity and environmental protection. This suggests that there is no single ideal
model; thus, participation from all sectors in subsequent conversations would be worthwhile to seek
a model that would work for most of the stakeholders. As a next step, we suggest expanding the
stakeholder consultation effort to delineate a clear road map that can inform sustainable forestry
planning at the local level.

Keywords: forestry; social acceptability; social perceptions; sustainable forest management

1. Introduction

Climate change is expected to increase the frequency and severity of extreme atmo-
spheric events [1-3], challenging countries to increase their adaptive capacity and improve
their resilience to such events by implementing best practices in planning, response, and
recovery [4-6]. Managing forest resources within the context of future extreme weather
events presents challenges in developing practical adaptation measures to maintain social—-
ecological resilience and reduce social-ecological vulnerability [7]. When it comes to
forested lands in tropical areas, salvaging wood of fallen trees after severe storms can
present economic opportunities, considering the high economic value that may be derived
from tropical woods, but it requires a well-developed forestry industry with the capacity to
handle a huge post-storms timber surplus [8].

Development of forestry-driven economic activities requires an understanding of the
local stakeholders” acceptance of economic uses of the forests, which factors may drive
this acceptance (or lack thereof), and which processes and initiatives can integrate the
public and private sectors in the development of sustainable forestry strategies [9-11]. This
information and these technical competencies provide useful elements required to define
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land policies and strategies [12]. As the world recognizes the multiple ecosystem services
provided by forest cover and their importance to human well-being, identifying the social
acceptability of certain forestry practices over others has become increasingly important
and more so when public participation is deemed as essential for sustainable forestry [13].
Understanding the social acceptability of forestry practices is important not only because
of its critical role for decision making [14], but also because ultimately management deci-
sions about natural resources result from selecting intervention alternatives that to some
extent are based on valuejudgements and motivations from a variety of stakeholders that
are not always aligned [15]. Public perceptions and attitudes toward forests may range
from biological conservation to considering the forest as a source of goods such as wood,
non-wood forest products, and other ecosystem services. Moreover, the success of forestry
policies is partially dependent on accountability for public values [10,16]. Private forest
managers also share concerns about public acceptance of their practices because forests are
often viewed as a larger societal asset, regardless of ownership [17]. Bengston (1994) [18]
has highlighted three benefits that managers can derive from an understanding of social
values: better inform forest management objectives, predict reactions to particular forest
practices, and understand and manage value conflicts [19,20]. In recent decades, a broader
segment of society has been exposed to a wider range of sustainable ecosystem services, as
opposed to those that center around resource extraction and exploitation [17,21,22]. Man-
agers are increasingly encouraged to ensure that there is alignment between management
practices and such public expectations [10,16] with the understanding that forest values
and expectations are bounded by their temporal and geographic context [23].

The Puerto Rico Context

The archipelago of Puerto Rico, a United States territory in the Caribbean since 1898,
is a characteristic example of forest transition in emergent economies, where industrializa-
tion in the mid-20th century led to extensive forest recovery on abandoned agricultural
fields [24,25]. Forest cover increased from less than 10% of total land area in the late 1940s
to more than 54% in 2014 [26]. For detailed maps and geospatial analyses of Puerto Rico’s
current land cover, see Gould et al. (2017) [27]. Today, with a population of approxi-
mately 3.1 M inhabitants [28], Puerto Rico is experiencing a 15-year plus recession [29],
further aggravated by the 2017 hurricanes, Irma and Maria, that led to reductions in the
economic well-being of communities [30]. These hurricanes left thousands of downed
trees in urban and rural areas [31,32]. Biomass of these trees created a severe materials
management problem to already economically depressed municipalities [33] in part due
to an underdeveloped local forestry industry. Past experiences in Puerto Rico with timber
harvesting suggest that there may be general public resistance to forestry activities. In
1986, the El Yunque National Forest (EYNF) land and resource management plan [34]
was strongly contested by local communities and conservation organizations, who had
expressed major concerns with proposed timber harvest and supporting infrastructure,
even when supported by ecological and economic scientific data. Thus, timber harvest was
mostly excluded from the decision-making process, and reflecting stakeholder’s priorities,
the EYNF plan at the time emphasized forest protection and cultural activities, limiting
opportunities for timber harvesting to a small demonstration plantation plot [35]. Today,
however, there is a general scientific consensus that to reorient societies toward a biobased,
sustainable or green economy, it is necessary to revive the forestry sector as a key player
for providing ecosystem services, raw materials, and products [36].

The previous experience in Puerto Rico is evidence of the evolving paradigms that
serve to define forestry in the broader sustainable context. The shift away from a nearly
exclusive economic development paradigm to consider environmental and social equity
concerns shows an evolution toward a broader definition of sustainability. Within the
Planning field, the Planners’ Triangle, proposed by Campbell (1996, 2016) [37,38], is used
to frame the pursuit of sustainable outcomes considering three elements: economic de-
velopment, environmental protection, and social equity. A sustainable outcome can be
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described as one that seeks a difficult-to-achieve balance among the three elements, given
that conflicts arise between each pair of components. We propose that social acceptability
of sustainable forestry activities in Puerto Rico must be addressed as a balance among the
development of a green economy, the sustainable management of forest resources, and the
availability of decent work.

Seeking social acceptability of sustainable forestry in Puerto Rico can be advanced
by exploring enabling environments that include effective governance networks and in-
stitutions, and more specifically, forest management schemes. Social acceptability of a
developing forestry industry can also depend on the perception of whether potential
and emerging markets rely on sustainable or unsustainable practices for its production.
New products that align with sustainable consumption patterns not only imply a more
sustainable way of implementing forest management strategies, but align with broader
cultural changes toward sustainability, local production, and carbon neutrality in systems
of production and consumption [39].

This study examines the social acceptability of a sustainable forestry industry in
Puerto Rico by convening a set of local experts from private, non-profit organizations,
and public sectors through a focus group discussion that presented three scenarios, one
hypothetical and two real, based on examples of forestry industries in the Central American
and Caribbean regions, which are characterized by different positioning in the Planners’
Triangle of sustainable development. In addition, the study provides a list of potential
and emerging products that may lead to a sustainable forestry industry in Puerto Rico
and evaluate factors that would hinder or facilitate the use of locally harvested woods in a
commercial context. To address our objectives, the project team contacted key stakeholders
who are involved in the forestry sector in Puerto Rico. The study addressed the following
research questions:

1.  What are stakeholders’ preferences when comparing commercial wood harvesting
operations with different scales, organizations, and management schemes?

2. What are stakeholder’s perceptions of potential markets and wood products?

3. What are stakeholder’s perceptions of the impact of extreme weather events on
wood harvesting?

We expected a divergence of positions among stakeholders, as well as a difference in
the values that they attribute to the forestry sector. For example, the private sector may seek
to utilize forest resources on a commercial basis in order to maximize profit from wood
and non-wood forest products. Members of non-profit organizations might recognize the
worth of forestry practices that will also protect biodiversity and the various functions
and services provided by forests, such as agroforestry, organic farming, and reforestation.
The public sector may be aligned with Puerto Rico’s government forest policy, which
until recently was mainly focused on forest protection and recreation rather than on forest
production; thus, they might be willing to encourage sustainable economic activities that
do not threaten forest survival. However, we recognize that a wide range of opinions and
viewpoints may exist within a category of stakeholders and are aware of the limitations in
making generalizations about any one group of actors.

2. Materials and Methods
2.1. General Design

A focus group consultation was organized according to three main groups of stake-
holders who are directly involved in the forestry sector: the private sector, the public sector,
and the non-profit sector (Table 1). We attempted to contact 42 individuals and were able to
communicate with 16, 13 of which were successfully recruited. Participants from the private
sector belonged to the timber and creative industries, including sawyers (1), artisans (3),
and private forest owners (1). The public sector was represented by officials from state (1)
and federal (4) government environmental agencies. Non-profit group participants were
researchers (2) and community organizers (2) with particular interest in forest management.
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Individuals who were identified for participation in each of the three groups were recruited
through direct email communication or telephone calls.

Table 1. Role, responsibilities and interest focus of each group of stakeholders in forest policy and
governance in Puerto Rico.

Focus Group Actors and Stakeholders Roles and Responsibilities Interest Focus
. sawyers, artisans, and private Seeking opportunities for Profits derived from
Private sector :
forest owners economic development forest resources

Public sector

officials from state and federal

Implementation of the forest Lone-term protection of
law of Puerto Rico & p

government agencies (Law 133, 1975) forest resources

Non-profit sector

researchers and Education, research, and

. . . . Biodiversity conservation
community organizers technical assistance

Although our original intent was to conduct focus groups in person, COVID-19
related restrictions instituted by our local Institutional Review Board led us to adopt an
online format. We conducted three online independent meetings, one for each group.
The private sector focus group was held with five participants, and the non-profit and
public focus groups comprised four participants each. Consent forms were emailed to
potential participants to obtain their approval prior to participation. Guiding questions
and visual aids presented in PowerPoint format were used to direct the online discussion.
Each participant was encouraged to engage and contribute at least once after each question
was posed and react to comments made by others.

All three meetings were video recorded and later transcribed. These were conducted
in Spanish; thus, original transcripts were translated and analyzed in English. We con-
ducted classical content analysis [40]. See the questionaries used to guide the focus group
discussions in the supplementary materials. The analysis included identifying a given code
within each participant’s speech, both within groups and between groups. Each statement
is generally accompanied by the number of participants who endorsed that viewpoint, thus
helping to validate any inferences made about the level of consensus or dissent. We also
counted the number of interventions made by each participant per question or theme to
provide a measure of equitable participation per group.

2.2. Management and Sustainable Production Scenarios

Participants were presented with two examples of commercial wood harvesting op-
erations in locations outside Puerto Rico, and one example of a wood products operation
in Puerto Rico. These models specified location, extent and mechanism associated with
harvesting, jobs and income created, and products (Table 2).

Table 2. Management and sustainable production scenario characteristics.

Scenario Typfa of Location Extent Organization Jobs Products
Project
1 Real Honduras 1525 ha Cooperative 46 resin, timber
. The . .
2 Hypothetical Dominican Republic NA Medium Scale NA timber, paper
3 Real Plliie;;O 2111 m? Small Scale 2 furniture and crafts

The two real scenarios were selected to show an example of a small-scale sustainable
wood products establishment in Puerto Rico and, an example of a cooperatively owned,
larger scale sustainable operation in the Central American and Caribbean context. The
hypothetical scenario aimed to show to the focus group participants what a traditional
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medium scale production with a strong market orientation would look like in a Caribbean
Island context. We had to use hypothetical scenarios to explore what participating stake-
holders would consider as more socially acceptable means of organizing and managing
wood industries that currently do not exist in Puerto Rico because commercial timber
harvesting has been excluded from Puerto Rico “s forest policy and practices for more than
three decades. Furthermore, due to data confidentiality agreements, it was nearly impos-
sible to obtain an existing financial and production profile of a private wood production
firm, which led to the creation of a hypothetical scenario that combines characteristics of
existing private forestry operations in other countries.

After providing a detailed description of each scenario, participants were asked to
comment on the desirability and applicability of these harvesting practices in the Puerto
Rican context and rank each of the three options. Participants were then presented with a
definition of sustainability, defined as seeking a balance among three components: environ-
mental protection, economic development, and social equity [37,38]. This concept, in the
forestry context, presupposes that sustained timber production is no longer the primary
goal of forestry, and emphasizes the importance of different goods and services such as
non-wood forest products, biodiversity and nature conservation, soil and water protec-
tion, tourism and recreation, carbon storage, and climate change mitigation [41]. Hence,
participants were asked to comment on the desirability and suitability of each scenario
explicitly considering this definition of sustainability and were given the opportunity to
reconsider their previous ranking. Participants were also asked to comment on appropriate
management schemes.

The following scenarios were not presented as mutually exclusive, but a scenario
ranking exercise was conducted to explore what participating stakeholders would consider
as more socially acceptable means of organizing and managing wood products industries
in Puerto Rico. The exercise also sought to explore which scenarios would be perceived by
stakeholders as more sustainable.

2.2.1. Scenario 1 (Agroforestry Cooperative)

San José de Proteccion, formed in 1973 in the central highlands of Honduras, was
one of the country’s first agroforestry cooperatives [42]. The Cooperative of San José de
Proteccion has 46 members, including 11 women. The cooperative has usufruct rights
over 1526 hectares of public forest, of which about 90 percent is pine, owned by the local
municipality, and commercialization takes place through the cooperative. The cooper-
ative was a founding member of the Honduran Federation of Agroforestry Producers
(FEPROAH), which has a critical role in strengthening the voice of community-based
producers in policy discussions [42]. Parcel holders would be treated as private owners,
receiving a stumpage payment of about USD 4 per m?. The forest stock is privatized for
resin production, but collectively managed with regard to timber. Unlike other agroforestry
cooperatives in Honduras, capital assets have been acquired mainly through loans rather
than donor grants. Limiting external assistance has been an important cooperative policy,
motivated in part by a desire to avoid excessive external interference in its management
and decision-making process. All forestry-related activities are undertaken directly by
members; professional foresters are only called upon to draw up annual cutting plans and
renew the forest management plan every five years. Technical assistance is usually paid
for by the cooperative or provided by close partners such as the municipality. Established
by resin tappers, resin continues to be the primary income source of its members. Timber
production was introduced more recently, initially limited to logs, which are now processed
in the cooperative sawmill. The cooperative’s entire net income is usually reinvested in
capital assets or used to repay loans [42].

2.2.2. Scenario 2 (Private Sector Medium-Sized Enterprise)

Agro-Forestal RD is a medium-sized wood harvesting company located in the Baoruco
Province in the Dominican Republic. The firm is a medium-scale commercial operation,
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cutting trees for sale as timber or pulp. The company owner was able to enter the wood
harvesting industry through logging concessions. A logging concession is an arrangement
where the government of a country grants harvesting rights of publicly owned forests for
a contract period, which may range from 2 to 20 years. In this case, the contract period
is 10 years. Logging machines are used for wood harvesting. As certain sections of the
logging area are harvested, available space is slowly converted to commercial agriculture.
Capital assets for this company have been acquired mainly through loans rather than
donor grants. A large paper company provided Agro-Forestal RD a low interest loan to
buy the necessary equipment for operations. Each year Agro-Forestal RD meets with the
paper company, its only buyer, to negotiate a price for sawn wood and agree on quantity
to be harvested and sold. The owner meets with personnel at the paper company to
establish production goals for the following year and negotiate selling prices. The paper
company has a sustainability plan for the region, and indicates that it maintains good
relationships with its suppliers, generally small and medium wood harvesting clients such
as Agro-Forestal RD. Approximately half of the company’s net income is used to repay
loans required to get the business started. This is the only hypothetical scenario presented
to participants, drawing from various characteristics of existing medium sized private
paper companies.

2.2.3. Scenario 3 (Small Artisan Furniture Making)

This business, operating for 25 years, is owned by an artisan and cabinetmaker who
produces traditional Puerto Rican furniture. The company is located in a 2111 m? lot,
and the owner has gradually built structures for sawmill, wood processing, and furniture
making. The cabinetmaker buys wood harvested from other locations or finds wood
through other informal means, and processes its own wood for furniture making. Sawmill
equipment was purchased approximately 12 years ago with personal funds, and no loan
was obtained to secure this transaction. The business is operated with funds derived from
sales of furniture, which are sold through commercial outlets or directly to individuals
in Puerto Rican and international markets, including the mainland US, Central America,
and the Caribbean. The business is operated by the owner, who works full time in daily
operations, and two of the owner’s family members, who work in the business on a part-
time basis. Some of the species used in furniture making include mahogany (Swetenia
spp-), Spanish cedar (Cedrella odorata L.), white cedar (Tabebuia heterophylla (DC.) Britton),
and teak (Tectona grandis L.), and its main products include wooden tables and chairs. See
Forero-Montafia et al. (2018) [43] for more details on the current characteristics of the
forestry industry and local wood market in Puerto Rico.

2.3. Potential Markets for Wood Products

Focus group participants were asked to identify potential wood products and markets.
A preliminary list that included artisanal products, furniture, household supplies, station-
ary, wood chips, and compost, among others, was presented. They were also asked to rank
the importance of new products.

2.4. Impact of Extreme Weather Events on Wood Harvesting

Given the recent occurrence of hurricanes Irma and Maria in September 2017, focus
group participants were asked to comment on how extreme weather events may affect
wood harvesting in Puerto Rico, and were asked to include examples of the impact that
hurricanes and earthquakes would have on a local forestry industry.

3. Results

The focus group participant quotes that informed the results are in the supplemen-
tary materials.
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3.1. Management and Sustainable Production Scenarios
3.1.1. Scenario 1: Agroforestry Cooperative

Private Sector Focus Group: In response to this scenario, the private sector focus group
cited examples of unsuccessful artisan cooperatives in Puerto Rico, due in part to stolen
ideas and a lack of desire to implement uniform procedures. The majority of participants
in this group did not prefer this scenario.

Non-profit Focus Group: Similarly, the majority of participants in this group consid-
ered that this scenario would not be feasible due to insufficient acreage or land, but one
participant indicated it could work if developed in public lands (an idea also raised by
public sector participants) or if landowners associate to work in an integrated manner.

Public Sector Focus Group: In contrast, participants in this group consistently preferred
the Agroforestry Cooperative scenario, indicating that it would allow for a distribution of
benefits beyond the individual to reach the community. One participant of the public sector
indicated that this scenario would be feasible if developed in public lands or if landowners
merged to form a cooperative.

3.1.2. Scenario 2: Private Sector Medium-Sized Enterprise

Private Sector Focus Group: This scenario was preferred by the majority of the private
sector focus group participants. They attributed value to the reliable source of income at
the expense of leaving out possible agreements with other buyers. The idea of a fixed buyer
was seen as ideal for the majority in this group. Only one member, however, considered
this scenario unsuitable, because he saw its implementation as a privatization exercise.
Some of the obstacles for a wood products industry identified by the private sector group
included higher operational costs in Puerto Rico, as compared to their neighboring islands,
and potential difficulties in selling the products as a result of undeveloped markets.

Non-profit Focus Group: In contrast, the majority of non-profit organization partici-
pants, with the exception of one, did not choose the Private Sector Medium-Sized Enterprise
scenario. One participant described it as a traditional commercial operation, undesirable in
the Puerto Rican context.

Some characteristics of this scenario were identified as feasible, such as the idea of
concessions of public land, and others were not, such as land use for agriculture once trees
have been harvested. Participants indicated this scenario might be feasible on a smaller
scale than described, if market studies would indicate that there are potential buyers for its
products, and savings and loans cooperatives would provide the necessary funding.

Public Sector Focus Group: The Private Sector Medium-Sized Enterprise scenario
was not acceptable by members of the public sector, although one participant indicated
it might be an option for implementation in public lands. The scenario was described as
responding to needs different from those of the Puerto Rican market, and its scale was not
appropriate. One participant mentioned that she would prefer a combination of the Private
Sector Medium-Sized Enterprise and the Agroforestry Cooperative scenarios, with a vision
of sustainable management where a balance between environmental and economic benefits
would be established.

3.1.3. Scenario 3: Small Artisan Furniture Making Business

Private Sector Focus Group: The majority of the participants in this group described
the Small Artisan Making Business as the typical model in the Puerto Rican context, and
only one participant selected it as the preferred scenario. They see a need to identify
markets for this model to work and highlight the importance of differentiating local wood
from imported wood in markets. One of the weaknesses of the model, according to this
group, was the reliance on others for wood, and the possibility of having to import wood.

Non-profit Focus Group: Half of the participants in this group preferred this scenario.
It was described as being widely adopted in Puerto Rico, and participants focused on how
to improve its feasibility. Two of the suggestions included developing a forestry culture
and a marketing effort that included digital networks.
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Public Sector Focus Group: The Small Artisan Furniture Making scenario was the
least preferred by the majority of public sector participants. The scenario was described
as the current reality of Puerto Rico, and one that needs free or lower priced raw material.
Financing difficulties were also highlighted, particularly that equipment would need to be
acquired through private banking loans. However, they mentioned that there is still a need
to support those who wish to engage in this practice.

3.1.4. Scenario Ranking

Three out of five participants in the private sector focus group selected the Private
Sector Medium-Sized Enterprise scenario as the most preferred and the Small Artisan
Furniture Making scenario as the least preferred. The other two participants selected
the Agroforestry Cooperative-scenario and the Small Artisan Furniture Making scenario,
each, as the most preferred. When asked to consider sustainability explicitly as one of
their selection criteria, the three who selected the Private Sector Medium-Sized Enterprise
scenario did not change their ordering, while one showed an increased preference for the
Agroforestry Cooperative scenario.

The non-profit focus group was quite divided when it came to preferred scenario
selection. Out of the four members, two selected the Small Artisan Furniture Making
scenario, one the Agroforestry Cooperative, and the other two the Private Sector Medium-
Sized Enterprise scenario. Three out of four selected the Private Sector Medium-Sized
Enterprise scenario as the least preferred. When asked to consider sustainability as an
explicit factor in decision making, none of the participants changed the ordering of their
previous selection.

The public sector focus group exhibited more agreement in their preference ordering.
All participants in this group selected the Agroforestry Cooperative scenario as the most
preferred, and three out of four chose the status quo, the Artisan Furniture Making scenario,
as the least preferred. As observed in the non-profit focus group, when asked to consider
sustainability as an explicit selection criterion, none of the participants changed their
preference ordering.

Considering all participants regardless of their grouping, the most preferred scenario
was the Agroforestry Cooperative scenario (six participants), followed by the Private Sector
Medium-Sized Enterprise (four participants), and the Small Artisan Furniture Making
Business scenario (three participants). When it came to least preferred scenarios, the Small
Artisan Furniture Making Business and the Private Sector Medium-Sized Enterprise were
selected as equally least preferred, with six responses each, while only one selected the
Agroforestry Cooperative as the least preferred. Greater agreement was observed within
groups than across groups.

3.2. Potential Markets for Wood and Other Forestry Products

The private sector focus group mentioned potential buyers in the US and Europe. One
issue that seemed to be controversial was the price of wood: one private sector member
indicated the price of wood from PR was lower compared to US vendors, while others
indicated the contrary. He indicated that exotic woods would have a higher market value,
including mahoe, lignum-vitae, and Spanish elm.

One member mentioned artisan work, furniture (particularly for supplying tourist
facilities such as hotels), construction, wood used for pallets in pharmaceutical settings
and agrotourism (including coffee farms). Another member pointed out that tree species
for wood cultivation would depend on the development of market niches, considering
the time frame to harvesting. A participant focused on the use of exotic wood for musical
instruments, which should consider popular instruments such as the guitar, not only the
cuatro (a traditional string instrument from Puerto Rico).

The non-profit group focused the discussion on products, not markets. The identified
potential products and the number of participants who mentioned them (in parentheses)
included wood products such as furniture (3), musical instruments (3), toys (1), sculptures
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of religious figures (1), and non-wood forest products (NWFP) that can be cultivated in
agroforestry systems such as flowers (3), seeds for jewelry (1), leaves (1), seeds (1), resins (1)
and mushrooms (1). These products can supplement the families” diet and provide a
secondary income. One member highlighted the importance of pursuing a diversified
product base, and another mentioned a marketing and branding effort that emphasizes
higher quality products.

The public sector participants focused on potential products as well. Some of the prod-
ucts mentioned and participants who mentioned them (in parentheses) included artisan
work (1) and NWFP such as seeds (3), germplasm (1), parental trees (1), diversifying native
tree quantities (1), meat (1), fruit (1), vegetable (1), coffee (1) and cocoa (1) that can be pro-
duced in agroforestry systems. There was an emphasis on the time frame to harvesting and
alternatives that would help farmers generate revenue while trees grow for later harvesting.
One participant focused on activities of recreation in nature such as birdwatching and
cautioned against focusing on native trees as a “magic wand”, highlighting the importance
of considering scientific evidence in tree species selection and use.

3.3. Impact of Extreme Weather Events on Wood Harvesting

The private sector focus group considered physical infrastructure and tree species.
After Hurricane Maria, participants noted that it became apparent that forestry agencies do
not have the necessary physical and organizational infrastructure to recuperate wood.

Accessibility and mobility issues were highlighted. Access to felled trees after an
extreme weather event is seen as a challenge, not only because of obstructions, but also
because of a lack of gasoline as a result of disruptions to the established supply chains. One
participant also mentioned that endemic or native tree species survived hurricane force
winds, a fact that should be considered in the long term when tree species are selected.

The non-profit group sector focused on the planning component for extreme weather
events. One participant indicated we should focus not only on hurricanes, but also on
earthquakes and droughts, which may lead to fires, affecting wood quantity and quality.
Avoiding runoff and erosion through tree planting was mentioned by two participants.
Selection of tree species resistant to extreme weather event conditions was also highlighted
by one participant, although in this case, the native versus exotic species argument was
not highlighted, as in the previous focus group. The need for legislation that may foster or
hinder wood harvesting efforts after an extreme weather event was also mentioned.

Only one member of the public focus group commented on the impact of extreme
weather events, placing emphasis on better planning and management at the Federal and
Commonwealth levels. She indicated planning should include urban stakeholders and
landowners, not just those associated with public lands.

3.4. Focus Group Participation across Sectors

A brief analysis of total interventions per topic shows that the highest participation
across sectors was the discussion of the Private Sector Medium-sized Enterprise scenario
(Table 2). Out of the 20 interventions across groups, half occurred in the private sector
focus group, who had several participants voice support for this option. The remaining two
scenarios did not elicit the same level of participation across groups, with 13 interventions
each (Table 2).

Potential markets and products elicited 14 interactions, and half of those occurred in
the private sector focus group. The discussion on extreme weather events only prompted
five interactions (Table 3). It is possible that its placement in the discussion (last) in a
two-hour focus group may have deterred some from participating.

Examining overall participation across topics, the private sector focus group elicited
the largest number of interactions, 54% of the total. Although there was an additional fifth
member in this group, participation was still proportionately higher for this group. The
non-profit group had 16 and the government groups had 14 interactions, or 25 and 23% of
the total.
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Table 3. Global analysis of focus group participation showing the number of interventions per topic
of each stakeholders group.

Group Scenariol Scenario2  Scenario 3 Markets Weather Total
Private 7 10 7 7 4 35
Non-profit 4 365 4 3 0 16
Public 2 5 2 4 1 14
Total 13 20 13 14 5 65

The column “markets” refers to the number of references made by participants on wood products markets during
the focus group discussions. The column “weather” refers to the frequency of mentions regarding the impact of
extreme weather events on a potential forest industry in Puerto Rico.

4. Discussion

The goal of sustainable forest management is to ensure sustainable ecosystem ser-
vices and viable forest-based economies while maintaining ecological integrity and social
equity [44]. However, achieving sustainability is often considered a substantial problem,
as issues of sustainable development are always complex, prone to conflicts and to un-
certainties that may themselves be barriers to sustainability [45]. A focus group format
was used to evaluate social perceptions of different forest management schemes as a way
to uncover potential barriers for the implementation of a sustainable forestry industry
associated with timber production. We used the island of Puerto Rico as a case study and
the three elements of the Planners’ Triangle of sustainable development as our evaluation
framework [37]. These research approaches may be particularly useful when the goal is to
understand stakeholders’ perceptions and expectations of forest management, especially
between business and other sectors [16]. They also set the stage for the development of
forestry-based economies, which are both more inclusive as well as locally and socially
relevant [46].

Our focus group discussions examined elements necessary for the pursuit of a sustain-
able forestry industry in Puerto Rico. Discussions included organizational and management
considerations, potential markets for wood products, and the impact of extreme weather
events on the development of sustainable forestry. The results show that stakeholders had
diverse perceptions and opinions regarding these issues; however, a general consensus
exists on the need of supporting the forestry sector to develop a green economy and climate
change mitigation strategy in Puerto Rico.

4.1. Organizational and Management Considerations

Three scenarios describing alternative ways of organizing forestry economic activity
were presented: an Agroforestry Cooperative, a Private Sector Medium-Sized Enterprise,
and a Small Artisan Furniture Making Business. While there was no consensus in terms
of a preferred scenario, focus group participants indicated reasons for their preferred
organizational scheme. Greater agreement was observed within groups than across groups,
with the Agroforestry Cooperative being the most preferred, followed by the Private Sector
Medium-Sized Enterprise, and lastly by the Small Artisan Furniture Making Business. Such
differences in scenario organizational scheme preferences showed that diverse stakeholders
confer different relative importance to the three elements of the Planners’ Triangle of
sustainable development. In agreement with our hypotheses, private sector participants
valued mainly economic elements such as financial viability and access to markets, while
the public and the non-profit sectors gave more importance to elements of social equity
such as employment creation, income generation, as well as environmental protection,
especially protection of water resources and avoidance of soil erosion. Possible causes for
the observed divergence of opinions will be discussed, followed by strategies that may lead
to longer term consensus building and a more unified vision of sustainability.

Public sector participants consistently preferred the Agroforestry Cooperative sce-
nario, indicating that it would allow for a distribution of benefits beyond the individual to
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reach the community. Compared to the other scenarios (the Private Sector and the Small
Artisan Furniture Making), this option would be located closer to the social equity end of
the Planners’ Triangle. The role of effective cooperatives to achieve the goals of sustainable
forest management has been extensively recognized by the United States Department of
Agriculture and the Natural Resources Conservation Service [47]. Cooperatives provide
a business structure that facilitates the ability of small producers to generate the volume
of materials necessary to produce value-added products, increase market access, lower
costs to individuals for goods and services, and ultimately contribute to better forestry
practices [47,48]. Public sector participants, in this study, identified some of these attributes.
They indicated that the agroforestry cooperative scenario would contribute to the local
economy through employment creation. In addition, they stated that cooperatives could
allow landowners with small plots to increase production, which could improve access
to markets. Small forestry businesspersons, however, might be reluctant to associate be-
cause they feel that they will lose control or even ownership of their land by joining a
cooperative [47]. The private sector focus group cited examples of unsuccessful cooper-
atives of artisans in Puerto Rico and attributed their failure to intellectual property and
production issues. Nonetheless, they focused the discussion on past experiences of artisans’
cooperatives and did not mention specific concerns about land tenure. Under the US and
state laws, cooperatives are legal entities that formalize the benefits and responsibilities of
collaboration with binding contracts, while the land remains privately owned and man-
aged [47]. Forestry cooperatives and landowners’ associations in the US Midwest, including
the states of Illinois, Indiana, lowa, Michigan, Minnesota, and Wisconsin, have played a
significant role in creating opportunities for the development of local wood industries [48].
In many Latin American countries with experience in the development of small-scale forest
enterprises (SSFEs), such as Mexico, Guatemala, Honduras, and Brazil, strong associations
or federations of community-based organizations have emerged to represent the interests
of local communities or SSFEs [42]. In Puerto Rico, cooperatives in the financial, food,
health, agricultural, industrial, transportation, and cultural sectors have generated jobs and
self-employment, fostered self-management, created housing, and have provided many
other services [49]. However, the government of Puerto Rico has been criticized because of
its excessive control over cooperatives, its paternalistic attitude, and its tendency to favor
private interests [49]. Thus, a shift in vision to ensure that individuals have sufficient control
over production would likely boost the positive outcomes of cooperatives [49]. Therefore,
further broad discussion among forest landowners, artisans, and sawyers is important to
explore the feasibility of agroforestry cooperatives and other forestry structures in Puerto
Rico to promote sustainable forest management.

The majority of private sector participants preferred the Medium-Sized Enterprise
scenario, mainly because they valued its financial viability where a single client would
provide a loan for equipment and serve as a single reliable purchaser of wood products.
This option would be located closer to the economic development end of the Planner’s
triangle [37], rather than to the environmental protection or social equity ends. These results
highlight the need for effective investment in agroforestry and wood processing businesses
to support a forestry industry endorsed by sustainable forest management. Innovative
strategies for risk reduction and risk management are necessary to engage participation
and commitment of the private sector in this field [50]. Some of the obstacles for a wood
products industry identified by the private sector focus group included higher operational
costs in Puerto Rico, as compared to their neighboring islands, and undeveloped markets.
This result indicates that the private sector may be willing to venture into the forestry sector,
if investments, increased profit, and market advantages are perceived. The development of
SFEs into viable economic businesses requires a much more constructive public—private
dialogue to encourage the government to listen more carefully and respond to the needs
of the private sector. Transformative policies, purposeful innovative investment, access to
finance, as well as new sustainable business models and markets are required to increase
business profitability and growth in the forestry sector [50].
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Conversely, this scenario was not acceptable by members of the public sector, although
one participant indicated it might be an option for public lands. The scenario was de-
scribed as inappropriate for the scale of Puerto Rico. Likewise, the majority of non-profit
organization participants, with the exception of one, did not choose the Private Sector
Medium-Sized Enterprise scenario. One participant described it as a traditional commercial
operation, undesirable in the Puerto Rican context. The idea of concessions of public lands
was identified as feasible, but the use of land for agriculture once trees have been harvested
was considered unviable in Puerto Rico. One participant mentioned that she would prefer
a combination of this scenario with an agroforestry cooperative, with a vision of sustainable
forest management where a balance between environmental and economic benefits would
be established. This option could be located along the economic development-social equity
side of the Planners’ Triangle, its exact location would depend on the weight attributed to
each of the two components for a particular project.

There was no clear consensus among non-profit sector participants, with half of the
participants selecting the Small Artisan Furniture Making Business scenario and the other
half divided between the other scenarios. The small furniture scenario was described
as widely adopted in Puerto Rico. When compared to the Medium-Sized Enterprise
scenario, it might be located closer to the social equity side due to its focus on small
business owners where profits may be more evenly distributed. The role of SSFEs in
poverty reduction has been widely recognized, especially when they work together in
effective associations [42,51,52]. The production of traditional furniture and handicrafts in
Puerto Rico is an important form of self-employment and an essential means to supplement
the income of poor families [43]. Artisans in general, however, work in unconnected
individual microenterprises, and therefore, they face a number of challenges linked to scale
disadvantages, which hinder their competitiveness in globalized markets [43].

Focus group discussions, in the present study, recognized a need to support those who
wish to engage in this practice and focused on how to ensure small enterprise feasibility
through mechanisms to improve marketing. Non-profit sector participants draw attention
to the necessity to develop digital marketing networks. This effort would require a value
chain analysis to effectively link government departments, wood product manufactures,
wood growers, and industrial specialists. A marketing network would allow cooperation
between SSFEs to overcome scale disadvantages [52]. A value chain analysis is also key
to develop a support program for SSFEs based on the facilitation of financial services
and business development services to create a market development approach to make
market work for SSFEs [52]. The private sector focus group pointed out the necessity
to find niche markets for tropical exotic woods in the US and Europe. To adapt to new
market opportunities, SSFEs in Puerto Rico need to increase production efficiency and
improve quality to make products more desirable to consumers [43]. Increasing the com-
petitiveness of micro-, small-, and medium-sized enterprises requires providing better
access to quality services, technology, resources, and infrastructure [51,52]. In addition,
public sector participants cited financing difficulties as a major barrier for this scenario.
Developing financial strategies to support SSFEs in Puerto Rico will require incentives
to private funding to provide microcredit or small working capital loans to low-income
individuals who are normally excluded from the commercial banking sector [43]. Thus,
involving micro-financial institutions with a strong focus on their social missions rather
than on their financial viability will be required to develop an effective financial strategy
to support SSFEs in Puerto Rico. Other important considerations about the Small Artisan
Furniture Making scenario pointed by the focus group discussions were its reliance on free
or low-cost raw material, the possibility of having to import wood, and the time frame
between cultivation and harvesting. These perceptions suggest that to advance the forestry
industry in Puerto Rico, a detailed value chain analysis is required to improve market
information systems, reinforce market value chains for wood products, and design forest
management strategies that allow for product diversification such as agroforestry systems,
which can generate economic opportunities for NWFP that do not require such a long
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period of time to perceive economic benefits, an option suggested as part of a discussion
on potential markets and forestry products that follows.

4.2. Potential Markets and Products and the Impact of Extreme Weather Events on Forestry

Some of the wood products mentioned by the private sector focus group included
solid wood products such as artisan work, furniture (particularly for supplying tourist
facilities such as hotels), construction, wood used for pallets in pharmaceutical settings,
and economic activities around the forestry sector such as agrotourism in coffee farms. The
discussion on potential products was generally framed along the economic development
and environmental protection side of the Planners’ Triangle, with potential production
resulting in tradeoffs among the two components, and having equity implications. Both
the non-profit and the public sectors focused on potential agroforestry products that could
serve as a source of revenue before trees are ready for harvest. When compared to the
private sector product list, these options seem to be located closer to the environmental
protection side of the Planners’ Triangle, but other production characteristics such as scale
and technology need to be considered to determine the products’ relative placement in
the economic development—environmental protection side of the Planners’ Triangle. The
non-profit sector group also cautioned against focusing on native trees as a “magic wand”,
highlighting the importance of considering scientific evidence in tree species selection and
use. There is a large body of scientific knowledge about wood quality, wood properties,
and silviculture of Puerto Rico ’s trees to make wise choices [53-56].

The impact of extreme weather events in the Caribbean is another factor that may
influence forestry activity, sustainability, and social acceptability. Private sector focus
group participants noted shortcomings in physical and organizational infrastructure to
recuperate wood after an extreme weather event. Both non-profit and public sector par-
ticipants stressed the need for legislation that may foster wood harvesting efforts after an
extreme weather event, including better planning and management at the Federal and
Commonwealth levels, including private- and public-owned lands. To develop effective
forest management policies, the roles, functions, and mandates of different governments,
agencies, and organizations must be coordinated [57]. Moreover, to achieve the objective
of being socially equitable, forest management policies and processes should recognize,
respect, and be inclusive of the perspectives, knowledge systems, values, cultures, and
rights of diverse stakeholders [57]. Efforts to understand the social acceptability of forest
management activities are therefore essential to co-design and implement socially accept-
able options and pathways to improve management initiatives of forests. Further research
in this field is needed to provide a comprehensive understanding of diverse stakeholder’s
perceptions and motivations with regards to forest management.

5. Conclusions

A focus group discussion was used to evaluate stakeholders’ preferences of different
forest management schemes as a way to uncover potential barriers for the implementation
of a sustainable forestry industry associated with timber production in Puerto Rico. There
was no agreement on a favorite scenario, but focus group participants indicated reasons for
their preferred organizational scheme and helped to identify strategies to overcome those
barriers. These perceptions, if well understood by policy makers, will lead to effective and
efficient policies to support sustainable forestry industries, which will in turn pave the
way for sustainable forest management. The findings state that overall, there is general
awareness on the need to support the forestry sector in Puerto Rico to provide more viable
ways to mitigate and adapt to climate change in the long run. The contrasting perceptions
among stakeholders regarding scenario organizational scheme preferences highlighted
the need for inclusive participation and efficient communication of all sectors to codesign
and implement a sustainable, efficient, and equitable forestry system that would work for
most stakeholders.
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The pursuit of social acceptability and sustainability of forestry activities in Puerto
Rico requires careful consideration of organizational structure, emerging markets and
products, and external factors such as extreme weather events. The recommendations
made by participants from the private, public, and non-profit sectors show that there
is a wealth of valuable local knowledge to plan and develop projects that consider not
only financial viability, but also incorporate key environmental and social equity concerns.
As next steps, we suggest, first, to conduct a broader stakeholder consultation effort to
delineate a clear road map that can inform sustainable forestry planning efforts at the local
level; second, a careful value chain analysis of the wood industry to identify the full range of
activities and services required to bring effective technical assistance, market information,
and facilitation of low credit to small forestry enterprises (SFEs); third, strengthening
cooperation among SFEs by means of associations or alliances to secure resources and cut
costs, make strategic alliances, and shape public policy. The diversity in socially acceptable
practices among participating stakeholders in our study suggests that evaluating practices
for sustainable timber extraction on the island of Puerto Rico would benefit from using
co-production approaches.
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