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Abstract: The forestry sector in Chile has an important role in the domestic economy, being the
second leading export sector after the mining industry. Investments in forest plantations have grown
in the last 40 years thanks to implementation of the Decree Law 701. Planted forests currently account
for 17.4% of the total national forest cover. The objective of the study is to analyse non-industrial
forest owners’ perceptions of positive and negative externalities of forest plantations in four less
developed municipalities of the Maule Region. We implemented a literature review, the estimation
of an Expert’s Response Indicator (ERI), and the implementation of an Analytic Hierarchy Process
(AHP) methodology for the analysis. The results indicate that non-industrial forest owners in
the four municipalities perceive the importance of each externality in a different way according
to their territorial specificities. However, considering the whole study area, “CO2 sequestration”,
“improvement of livelihood”, and “more importance of small and medium forest owners” were
considered the most important positive externalities, while the most relevant negative externalities
were “water shortage”, “power asymmetry”, and “land loss”. The study encourages further research
with a similar detailed analysis on stakeholders’ perceptions of plantation projects, both to revise
investment features and inform local stakeholders on their real impacts.

Keywords: Chile; dryland; Analytic Hierarchy Process; social and economic externalities; plantation
investment; small-scale forestry

1. Introduction

As stated by Sargent and Bass [1], industrial plantations can become, in the best cases, a major
asset for local development by providing raw materials, infrastructure, employment, income, and
environmental and recreational services. In the worst cases, plantations, imposed with a ‘top-down’
perspective and ignoring local needs, values, and rights, have induced farmland shortage in times
of food scarcity, have reduced wild animal and plant populations, and have destroyed habitats
and landscapes.

In Chile, the forestry sector has seen fast development in the past 40 years, due to the expansion
of industrial forest plantations of exotic species, after a decreasing trend of forests cover and growing
stocks in the previous three centuries [2]. This trend inversion started in the 1970s during the military
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dictatorship when forest plantations of exotic species (mainly Pinus radiata D. Don, Eucalyptus globulus
Labill., and Eucalyptus nitens Deane & Maiden [3]) spread throughout central and southern areas of the
country to the detriment of native forests. According to the analysis by Lara and Veblen [4], thousands
of hectares of natural forests were replaced by plantations and although several policies were designed
to prevent such conversion, this practice is still continuing, even if at a lower rate [5]. As stated by
Cossalter and Pye-Smith [6], in Chile, 31% of native forests in the coastal region were converted to
plantations between 1978 and 1987; nationwide, the expansion of agriculture and pasture has been,
and still is, the main cause of native forest conversion. Plantations have increased prosperity, albeit
at the expense of some of the country’s natural forests and some local communities. The massive
expansion of forest production and of the wood-working industry has gained the sector a relevant role
in the national economy [7] and a world leadership positioning in the wood market [8].

In 1974, the Decree Law no. 701 (DL 701/74) was promulgated with the aim of regulating forest
management, supporting plantations, and reclaiming “agricultural and degraded lands”, mainly
through the public financing of 75% to 90% of total plantation establishment costs [9]. The law had
a remarkable impact on the sector and led to a fast process of land privatization and concentration,
inverting a process that had been started by the previous government with the agrarian reform [10].
Because of this accelerated industrial development, the Chilean forestry sector nowadays accounts for
2.7% of total national GDP, with a turnover of $5414 millions in 2015, an 8.7% share of total exports,
which makes it the second leading export sector in the country [3].

The most relevant characteristics of the sector as it is shaped nowadays are:

• a very strong land concentration in which almost half of forest plantations and much of the
national wood production and export are controlled by three large private companies [11]. The two
national enterprises Arauco and CMPC (Compañía Manufacturera de Papeles y Cartones) possess
33.1% and 17.4% of the forest plantations surface, respectively, while Masisa, an international
enterprise, owns 1.7% of Chilean forest plantations (own elaboration [12–14]). The contribution of
the three companies to exports is 49.7% for Arauco, 15.7% for CMPC, and 8.7% for Masisa [15];

• at the same time, because of the economic concentration, these firms exert their market power
over price (forest products and land) and wages. In this way, small and medium forest
owners are negatively affected by the resulting market distortions inasmuch as they became
less competitive [5].

During the dictatorship, the regime privatised most forest plantations and companies [16], so that
productive forests owned by the Chilean State are minimal. The preponderance of State-owned forests
is in National Parks, National Reserves, and Natural Monuments.

This investigation would like to contribute to the studies done in the last decades that attempted
to analyse the development of private large-scale investments in the forestry sector, trying to assess
the positive and negative effects in established industrial forest plantations. Many of these studies
only focused on environmental impacts [17–19], while socio-economic impacts were just reported in
some areas where specific conflicts occurred, e.g., Mapuche conflicts [20,21] or were only marginally
described while dealing with other issues [10,11,22,23]. Only a few studies tried to analyse the
social-economic effects of forest plantations in no-conflict zones [5,24].

The aim of this article is to analyse the perception of positive and negative externalities of forest
plantations with exotic species in four less developed municipalities of Maule Region in Central Chile.
It has been done by highlighting the environmental, social, and economic responsibilities of large forest
investments as perceived by small and medium forest owners. An ex-post analysis was implemented.

The paper proceeds as follows: Section 2 describes the study area. A description of the
different steps of the methodological approach is given in Section 3. The results are presented and
discussed in Section 4. Finally, conclusions and suggestions for further research are put forward in
Section 5.
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2. Study Area

The study area is located within the Maule Region of Central Chile (VII region, 35◦25′36” S,
71◦39′78” W). The most common land uses are grassland and shrublands (24.6%), followed by
agricultural land (22.0%) and forest plantations (20.0%). Native forest covers 12.7% of the regional land.
With 20.0% of its land covered by artificial forests, the Maule Region is the third region at the national
level for forest plantations [25]. The region is characterized by the predominance of small-sized
holdings, smaller than 20 ha. In fact, these represent 74.0% of the total, involving 5.9% of the
utilized land. Instead, only 6.7% of total holdings are properties bigger than 100 ha, but they cover
81.7% of the utilized surface [26].

The case study (Figure 1) comprises three municipalities in the Cauquenes Province (Cauquenes,
Chanco and Pelluhue) and the municipality of Empedrado (Talca Province).

The area is located on the coastal range in the south-west of the region and extends for 3682 km2.
These municipalities represent the less developed part of the region. The total population is about
64,513 inhabitants [27]. The forest cover of the study area is described in Table 1.

Table 1. Forest plantations, and native and mixed forest in the study area. Calculations based on
Chilean native vegetal cadastre of resources, 2014 [25].

Municipality Total Area (ha) Forest Plantations
(ha)

Native Forests
(ha)

Mixed Forests
(ha)

Forest Plantations
(%)

Cauquenes 212,662.9 86,251.8 7620.4 3703.3 40.6%
Chanco 52,883.2 31,269.8 1871.7 1424.4 59.1%

Pelluhue 37,189.9 20,636.7 5108.9 2800.3 55.5%
Empedrado 56,624.3 41,413.3 3827.1 1263.3 73.1%

The concentration of forest plantations on the coastal mountain range is the result of past
forest policies. In the mid-20th century, a wheat-cropping boom led to the clearcutting of extensive
native forest areas, mainly in the western region [28], to create farmland. Later, thanks to the bonus
given by the law no. 701, almost all the degraded lands resulting from intensive cropping practices were
re-forested with exotic species, mainly pine and eucalyptus. The result of this plantation expansion
is shown in Figure 1, where forest cover distribution in the region and a clear pattern of plantations
establishment can be identified. Another important environmental feature in the area is the current
state of soil erosion, highlighted in Figure 2. This information (Figures 1 and 2) and the data in Table 2
are useful in order to understand the outcome of this research, and they are commented on in Section 4.
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In the study area, a governmental project called Zona Rezagadas (less developed area) started in
2014 with the aim of decreasing the territorial social inequalities. The number of enterprises divided
by economic sector and number of workers employed in each sector are presented in Table 2.
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Table 2. Number of enterprises and number of workers employed per economic sector in the study
area. Own elaboration based on information from Servicio de Impuestos Internos [31].

Sector
Municipalities

Economic Sector
Cauquenes Chanco Pelluhue Empedrado

Number of
enterprises

849 141 130 15 Agriculture, livestock, hunting
83 19 12 44 Silviculture
23 16 19 6 Manufacturing wood and paper industries

153 20 31 10 Manufacturing not metallic industries
100 16 43 8 Hotels and restaurants

Number of
employees

2252 281 28 40 Agriculture, livestock, hunting
623 59 150 147 Silviculture
865 23 30 28 Manufacturing wood and paper industries
237 15 38 0 Manufacturing not metallic industries
71 2 34 5 Hotels and restaurants

3. Research Methodology

Given the lack of studies describing and analyzing the externalities connected to forest plantations,
a research methodology implemented in four phases is proposed. Results of each phase are inputs for
the next steps. The different phases are shown in the following figure (Figure 3).
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3.1. Preliminary Identification of Externalities

A first phase was the identification of all potential positive and negative externalities related to
forest plantation investments. An extensive literature review was done to systematize the information
on the topic related to the impact analysis of industrial forest plantations in Chile and in other countries
with a focus on externalities evaluation. The bibliographic databases consulted were Scopus, Web
of Science, ResearchGate, SciELO, and Science Direct. The externalities found were divided into the
traditional three categories of sustainable management: environmental, social, and economic.

3.2. Experts Consultation

The main goals of this phase were to verify if all the possible externalities had been taken into
consideration during the literature review and to obtain an initial hierarchization of the externalities
in the study area. With a convenience sampling approach, a panel of 18 experts deriving from the
academic, public, and private sector was identified and contacted by email. Fifteen of them replied,
giving a response rate of 83.3%. Within the public sector, five people belonging to the two public
forestry institutions were involved (CONAF and INFOR). The director of a development project
implemented in the study area (Programa de Desarrollo Territorial para Zonas Rezagadas in Spanish)
was also contacted. The private sector comprises ARAUCO, one of the three big enterprises that
dominate the Chilean forestry market, CORMA, a trade association that represents the national private
forest sector and OLCA, an institution that operates advising communities when environmental
conflicts occur. Finally, from the academic sector, six professors at local universities and the director of
an interdisciplinary project dealing with a social and environmental topic (Proyecto Anillo Soc1404)
were consulted.

To be more efficient in terms of time and economic resources, an anonymous on-line questionnaire
was used (the Spanish version of the questionnaire is available in the Supplementary Materials).
Experts were asked to indicate their perception regarding the importance of each externality in the
study area through utilization of the Likert scale from 0 (not important) to 5 (very important). At the
end of the questionnaire, a final open question asked if there were any other externalities that could
be added. The data was collected from the 1 to 11 August 2016.

3.3. Experts’ Response Indicator Elaboration

For each externality, an indicator, called the Experts Response Indicator (ERI), was computed
based on the following formula [32]:

ERI =
(

∑n
i=1 marki × pi

MaxMark× pTOT

)
× 100 with pTOT = 15, MaxMark = 5
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where marki indicates the specific value on the Likert scale chosen by each expert for the single
externalities, pi refers to the number of experts that chose it, MaxMark represents the highest number
on the Likert scale, and pTOT represents the number of total respondents. The indicator represents the
relative importance of each externality.

To verify the reliability of the data collected, the Cronbach’s Alpha Coefficient [33] was calculated
as suggested by Gliem and Gliem [34]. The open source software R version 3.1.3 was used to compute
it. The value of alpha (α) varies from 0 to 1. Higher values of α mean a greater consistency of the data.
To confirm that the dataset is reliable, the recommended value for basic researches is α > 0.8 [35]. It is
also important to underline that the number of values used in the Likert-scale format is not a factor
that influences the reliability of the outcomes [36].

3.4. Forest Owners’ Perception Estimated with the Analytic Hierarchy Process (AHP) Technique

The AHP technique was developed by Thomas L. Saaty in the 1970s and it is mainly used to
support the decision making process under agents with different criteria. It allows complex decisions to
be organised and analysed weighting “a set of activities according to their importance” [37], combining
both qualitative and quantitative information and creating a rank of the alternatives [38]. As stated
in this paper, the AHP method “is applied in many and different research fields, including nature,
economy and society”. Recent applications of the AHP method in forestry involve, among other issues,
forest road assessment [39], evaluation of non-wood forest products [40], analysis of forest fire risk [41],
and ranking of indicators of sustainability [42].

Through convenience sampling, 25 forest owners were interviewed in each municipality for a
total of 100. Random sample methods were impossible to implement because of a dearth of complete
information about forest owners and their proprieties. However, the final sample maintains a certain
variability concerning the main features of forest owners, such as landholding, forest plantation surface,
tree species used in the forestation, kind of products obtained from plantation, types of other economic
activities carried out on the property, and percentage of their income deriving from exploitation of
the forest plantation, etc. Data were collected implementing the AHP method, and the questionnaire
is available in the Supplementary Materials. The interviews were conducted from September to
November 2016.

The AHP application follows several steps [43]. Since this method works by basically comparing
pairs of elements belonging to the same conceptual level, the first step is to identify and divide
the different levels, developing the hierarchical model that will be used. In this study, the levels
correspond to the categories already mentioned (positive, negative, environmental, social, and
economic). The rationale of the externalities classification is related to the consolidated definition of
criteria and indicators for sustainable forest management [44]. For each category, in order to facilitate
the fieldwork, only the first four externalities resulting from the experts’ consultation have been taken
into consideration (Figure 4).

The second step consists of designing a judgemental matrix for each level that allows the pair-wise
comparison among the single elements. It was decided that 4 × 4 matrices would be used according to
the smallest number of externalities found during the literature review and the possible difficulties
for the fieldwork. The homogenization of the size of the matrices avoided the possible influence on
interviewees’ answers given by the higher or lower presence of externalities in one category compared
to the others. Moreover, the utilization of 4 × 4 matrices allowed smaller matrices that turned out to
be easier to elaborate. The specific question used to do the pairwise comparisons was: ‘Which of the
following externalities of extensive and exotic forest plantation have a greater importance’ The scale
used was suggested by Saaty [45] and is based on nine points that transform verbal judgment into a
numerical value. After compiling the matrices, the third step concerns the final hierarchization and
the analysis of the consistency of the answers for each matrix [37]. Because of the impossibility of
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discussing the results of the final hierarchization with all the interviewees, it is necessary to compute
an aggregate matrix by using the geometric mean:

Aij =
n
√

∏n
1 an

ij

where Aij is the result of the answers’ integration for elements i and j of the matrix, n is the number
of interviewees, and an

ij represents the interviewee’s opinion about the pair of considered elements.
To estimate the priority among the criteria and their relative weight, it is necessary to calculate the

priority vector (
→

PV), represented by the eigenvector of the aggregate matrix obtained by calculating the
geometric mean of the original matrix. Besides the answers analysis, the consistence of the judgmental
matrices should be calculated through the Consistency Ratio (CR, [45]):

CR =
CI
RI

where CI represents the Consistency Index and RI the Random Index. The dataset is considered
consistent if the final value of CR is less than or equal to 10% (CR ≥ 0.1). The AHP technique was
selected given its flexibility and intuitive appeal for decision makers [43]; however, it presents certain
weakness such as: ranking irregularities [46] and artificial limitation of nine-point scale [47], among
others [48].
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4. Results and Discussion

4.1. Preliminary Identification of Externalities

A total of 33 papers presenting empirical externalities evaluation in plantation investments were
found (Appendix A). The most frequent species considered in the reviewed literature are Pinus spp. and
Eucalyptus spp., followed by Acacia spp., oil palm (Elaeis guineensis Jacq.) and rubber (Hevea brasiliensis
Müll.Arg.). Among the impacts identified by these studies, the best represented are the social, more
specifically on households, and environmental ones.

4.2. Experts Response Indicator

As shown in Table 3, the Cronbach’s Alpha resulted as higher than 0.8, both in the detailed
controls and in the general one, proving that the answers were statistically consistent and could be
used to implement the following analyses.
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Table 3. Cronbach’s Alpha computation for different types of externalities considered (n of experts = 15).

Type of Externalities Items Cronbach’s Alpha

All 49 0.939
All Positive 18 0.933

All Negative 31 0.953
Positive Environmental 6 0.845

Positive Social 8 0.875
Positive Economic 4 0.870

Negative Environmental 8 0.905
Negative Social 13 0.918

Negative Economic 10 0.907

Appendix B contains the frequency of all elements on the Likert scale and the values estimated
for ERI. Figure 5 shows the first four positive and negative externalities, gathering the three
different categories. The ERI values are expressed in percentage.

Among positive externalities, the environmental, social, and economic ones are homogenously
distributed without any prevalence of one category over the others. But when the negative ones are
considered, it can be noted that environmental and economic externalities have a higher score than
social ones.

Forest owners’ perception estimated with the Analytic Hierarchy Process (AHP) technique.

Priority vectors (
→

PVs) and Consistency Ratios (CRs) of the aggregate matrices, computed considering
the whole study area, are presented in Tables 4 and 5. Because the CRs are in all cases lower than 0.1
(Table 4), the matrices can be considered reliable and the data consistent. The priority vectors and CRs
were also computed for the municipalities separately (Table 5). Furthermore, in this case, the CRs are
lower than 0.1, so the data can be considered consistent.

Table 4. Priority Vectors and Consistency Ratios for the study area.

Externality Positive Negative

Environmental

→
PV =


MP1
MP2
MP3
MP4

 =


0.340
0.367
0.249
0.044

 →
PV =


MN1
MN2
MN3
MN4

 =


0.077
0.186
0.476
0.261


MP1 = Soil erosion control MN1 = Landscape simplification
MP2 = CO2 sequestration MN2 = Biodiversity decrease
MP3 = Pressure reduction on natural forests MN3 = Water shortage
MP4 = Increasing of infiltration and
water storage MN4 = Native forest loss

CR = 0.012 CR = 0.038

Social

→
PV =


MP1
MP2
MP3
MP4

 =


0.176
0.236
0.325
0.257

 →
PV =


MP1
MP2
MP3
MP4

 =


0.234
0.338
0.287
0.141


SP1 = Increased connectivity (improvement
of road network) SN1 = Increase of migration

SP2 = Increase of direct and indirect
employment

SN2 = Power asymmetry (employment by
contractors)

SP3 = Improvement of livelihood SN3 = Breaking of the peasant systems
(culture, identity)

SP4 = Improvement of infrastructures SN4 = Gender inequality

CR = 0.019 CR = 0.013
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Table 4. Cont.

Externality Positive Negative

Economic

→
PV =


MP1
MP2
MP3
MP4

 =


0.242
0.234
0.282
0.243

 →
PV =


MP1
MP2
MP3
MP4

 =


0.224
0.260
0.334
0.181


EP1 = Economy improvement EN1 = Unequal distribution of plantations

benefits

EP2 = Improvement of trading activities EN2 = Casual and poorly paid jobs
(contractors)

EP3 = More importance of small and
medium forest owners EN3 = Land loss

EP4 = Creation of business cluster EN4 = Only modest employment offered

CR = 0.009 CR = 0.005

Table 5. Consistency Ratios for the individual municipalities.

CR
EXTERNALITY

Environmental
Positive

Environmental
Negative

Social
Positive

Social
Negative

Economic
Positive

Economic
Negative

Cauquenes 0.017 0.033 0.076 0.003 0.013 0.024
Chanco 0.005 0.051 0.026 0.015 0.029 0.019

Pelluhue 0.070 0.024 0.049 0.023 0.015 0.010
Empedrado 0.027 0.065 0.069 0.055 0.003 0.020
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4.3. Local Differences among Forest Owners’ Perception

A comparative analysis between the results obtained in the different municipalities is presented
in Figures 6–8. The most evident elements were identified and some hypotheses were formulated
to explain the main differences in forest owners’ perceptions, before, and compared to experts’ after.
Since the hypotheses were based on secondary statistical data available on-line (from the Internal
Revenue Service referred to 2011 [31], and from the Chilean native vegetal cadastre of resources,
2014 [25]), further detailed researches should be undertaken to prove the assumptions suggested here.

In Figure 6a, related to positive and environmental externalities, there are some elements that are
worth commenting on. Considering the “pressure reduction on natural forests”, it can be observed
that in the municipalities of Chanco and Empedrado, this obtained a higher score than in the other two.
A possible explanation for this is the number of hectares of native forests in the four municipalities
(Table 1). Chanco and Empedrado, in fact, have smaller native forests than the other two and perceive
their maintenance as more important. Harvesting in forest plantations allows the native forests still
present to be less subjected to human activities and consequently not be overexploited. The other
externality where it is possible to notice a difference is “soil erosion control”. This has been considered
as the most important externality in Cauquenes and Pelluhue, and the least important in Empedrado.
It is evident that Cauquenes is a municipality with a high erosion risk (Figure 2) and has the lowest
percentage of its territory covered by forest plantations (Table 1). It can therefore be assumed that,
in this context, forest plantations are considered important for soil erosion control, because they have
been used less as a tool to contrast it. The data in Figure 2 and Table 1 can also explain the low
importance that Empedrado has given to the same item. This municipality, in fact, presents the lowest
current rate of erosion and the highest percentage of territory covered by forest plantations (73.1%).
It can be assumed that this externality obtained such a low value because the owners interviewed
do not perceive soil erosion as a major problem affecting their municipality, and also because of the
already high presence of planted forests that contrast it.

When negative and environmental externalities (Figure 6b) are considered, the ranking was the
same for the four municipalities. This was the only case in which this happens. Considering the order
of the items in the ranking, it can be noted that the externalities perceived as the most important ones
are, in some way, related to production. In fact, a decrease of water resources represents a tough
problem for plantations production, as repeatedly pointed out by the interviewees. Also, the second
externality in the hierarchy, “native forest loss”, can affect the income of families. As a matter of fact,
the reduction in native forest cover has led to a decrease in Non-Timber Forest Products (NTFPs)
gathering, a particularly important activity in the rural area of the region, and specifically in the study
area [49].

Analysing positive social externalities (Figure 7a), it is interesting to highlight the result obtained
for the municipality of Empedrado concerning the “increase of direct and indirect employment”,
which emerged as the most important. Taking the data regarding the number of enterprises and
number of employees per economic sector (Table 2), silviculture is the best represented. Given that this
sector needs more workforce, if compared with the manufacture of wood and paper, it is possible to
understand this outcome.

Considering negative social externalities (Figure 7b), the non-industrial forest owners of
Empedrado perceived “gender inequality” as the most important. As mentioned above, Empedrado
has the largest number of enterprises and workers in the silvicultural sector (Table 2). As confirmed
by Paulson [50], forest management activities in pine and eucalyptus plantations are more associated
with men. Women are, in fact, involved mainly in NTFPs gathering in native forests and in cattle
management in Empedrado, where there is the lowest native forest cover (Table 1). Another interesting
result concerning Empedrado is the trend of “breaking of the peasant system” (SN3) and “increase
of migration” (SN1). While for the other three municipalities the importance of both externalities is
directly correlated, the trend changes in Empedrado. Indeed, SN3 obtained a higher score (the highest
among the municipalities) while SN1 obtained the lowest among the municipalities. Studies in
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the literature confirm that loss of the peasant culture and identity is related to the process of rural
out-migration (e.g., [21,51,52]), but this outcome confirms that other factors have been involved in
the loss. As described by González et al. [53], another important factor that led to the breaking of the
peasant social structure is land use change and, as already mentioned, Empedrado has the highest
percentage of territory covered by forest plantations, established mainly in the last 40 years. This points
out that even if some people decided not to migrate, their life style and their culture nevertheless
changed because of several environmental changes that occurred around them.
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Figure 6. Environmental externalities: comparison among municipalities (a) positive externalities;
(b) negative externalities.

Figure 8a relates to the positive economic externalities. According to Table 2, Cauquenes has the
largest number of workers and enterprises dealing with wood and paper manufacture. That is why
“improvement of trading activities” is perceived here as more important than in other municipalities
where wood products processing, selling, and trading involve less raw materials and fewer workers.
Moreover, considering the “creation of business cluster”, it can be noted that Cauquenes is the
municipality where this externality is perceived as the least important one. Once again, because in
this context there is a prevalence of manufacturing and economic activities linked with forestry, this
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externality is not considered important. In fact, where the concentration of forest-related activities is
lower, the presence of a business cluster is perceived as a very important feature.Forests 2018, 9, x FOR PEER REVIEW  12 of 21 
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Figure 7. Social externalities: comparison among municipalities (a) positive externalities;
(b) negative externalities.

Finally, the last group relates to the negative economic externalities (Figure 8b). In the municipality
of Empedrado, the importance given to the externality “land loss” is evident. As already mentioned,
73.1% of Empedrado is covered by forest plantations (Table 1), giving fewer possibilities for the
development of agriculture or other economic activities. The conversion from agricultural land to
forest is considered a land loss by most of the interviewees.

Experts versus forest owners. The last consideration regards the differences that emerged between
the answers given by the experts and forest owners interviewed. Even if the methodologies used to
examine these two types of stakeholder differed, the comparison referred to the final ranking and not to
the relative importance obtained by each externality. Considering negative environmental externalities,
“landscape simplification” was the one considered as the most important by experts (Figure 5b), while
it obtained the lowest score from forest owners (priority vector associated to Table 4). The other
difference is among the positive externalities (Figure 5a). For the experts, “increased connectivity” was
the most important social externality, but the results of AHP show an opposite outcome (priority vector
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associated to Table 4). The last two evident differences were detected in the economic externalities.
The “more importance of small and medium forest owners” obtained only third position in experts’
ranking, while it was considered the most relevant externality by the forest owners interviewed
(priority vector associated to Table 4). A similar dynamic involved the negative externalities, where
“land loss” was the first in order of importance, according to the forest owners’ answers (priority
vector associated to Table 4), while it was the last for the experts. These differences between experts
and non-industrial forest owners underline the variability of opinions among different stakeholders
about the same matter. Differences in perception are clearly due to stakeholders’ knowledge and
information asymmetries. It also depends on the scale at which the issue is considered: the experts have
a regional, national, or even international view about the externalities deriving from forest plantations,
and even when asked for an opinion regarding a specific area, their answers cannot avoid thinking
on a broader scale or considering the influence that the environment has on it. On the contrary, most
of the owners interviewed have shown a narrower perspective, in most cases limited to their own
property or, at most, their municipality. These differences in perception highlight the importance of
considering all the stakeholders who will be involved in future interventions.
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Figure 8. Economic externalities: comparison among municipalities (a) positive externalities;
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5. Conclusions

In a context where the strong neoliberal economic strategy paved the way for a model of export-led
growth, extractive activities reinforced and enhanced the export of large amounts of raw materials
from almost all segments of the primary sectors with the aim of making Chile one of the five largest
food and wood producer countries; this development has brought about a remarkable transformation
in land use. Unfortunately, the process was conducted without any accurate analysis of the social and
environmental effects that it would produce. Only in the last years, the discussions began about forest
investment impacts with a more holistic approach. This study dealt with these issues and tried to make
an interesting contribution to these discussions. Even if our results are valid only for the considered
case study areas, some remarks can be useful for inspiring a general evaluation of the impacts of forest
investment policy at a large scale.

Referring to the whole study area, it was possible to demonstrate that most forest owners perceived
the negative externalities of forest plantations, the most important being: “water shortage”, “native
forest loss”, “power asymmetry”, “breaking of the peasant systems”, “land loss”, and “casual and
poorly paid jobs”. However, it seems that these externalities could be compensated for by the income
that would derive from forest plantations and that turned out to be very important for household
livelihoods. The other important positive externalities perceived by the non-industrial forest owners
were: “CO2 sequestration”, “soil erosion control”, “improvement of livelihood”, “increase of direct
and indirect employment”, “more importance of small and medium forest owners”, and “creation of
business cluster”. To be environmentally sustainable, plantation programmes must be supported by
strong national and local institutions to ensure high performance levels in all management activities [54]
through community involvement and monitoring of the economic and technical impact indicators.
In this sense, integrated land use planning appears as a key tool to prevent land use conflicts, adaptation
of land uses to physical and social conditions, protection of natural resources, and a balanced use of
social, natural, and financial capitals [55].

The methodology used in this research could be used in all countries where large forest
investments have been implemented without a reflection of their environmental, social, and
economic responsibilities. Since the use of the Analytic Hierarchy Process has turned out to be effective
and easy to replicate, the study can be considered as an exploratory survey whose methodology might
be used in the future to investigate the effects of forest investments in detail. For instance, it would be
possible to consider different stakeholders or different study areas. In fact, the results deriving from the
individual municipalities have shown different outcomes underlining their own territorial peculiarities.
In future analysis, it is also important to consider that some externalities might be modified because
of the occurrence of modern phenomena (e.g., a decrease in employment rate associated with the
increased level of forest mechanization).

A limit of this study might be that we have only considered forestry as a trigger of the considered
externalities without taking into account the combined role of different causes. However, to implement
this kind of analysis, it is necessary, at the beginning, to have a simplified system, to check if the
methodology and the approach used are useful to reach the predefined objectives. As detected by
Infante [52], large-scale forest investments are one of the causes of land degradation, rural depopulation,
loss of social capital, and other social and environmental problems in the study area. Therefore, when
considering the issues connected to economic development impacts, an interdisciplinary approach to
the evaluation of externalities is much needed. Only in this way will it be possible to develop strategies
based on the real needs and expectations of the rural communities, adapting and, if necessary, radically
reforming the national policies directed at these areas.

Supplementary Materials: The following are available online at www.mdpi.com/1999-4907/9/3/141/s1,
Annex S1: Experts’ Consultation Questionnaire, Annex S2: Interview with non-industrial forest owners (AHP).
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Appendix A

Table A1. Externalities found in the literature review.

Category Externality

Environmental
externalities

Negative

Water shortage [17,20,21,53,56,57]
Water pollution [22,58]
Degradation of native forest [18–21,23,53,59]
Native forest loss [20,53,60]
Biodiversity decrease [21,53]
Landscape simplification [59]
Contamination by pesticides [8,17,44]
Soil degradation [11,21,23,44,53]

Positive

Pressure reduction on natural forests [44,58]
Increase of ecosystem services [59,61]
CO2 sequestration [62]
Increasing of infiltration and water storage [63]
Biodiversity increase [64]
Soil erosion control [58,59]

Social externalities

Negative

Increase of migration [11,20,21,59,65,66]
Health problems (pesticides) [11,21,22,53]
Increase of accidents (without specialized worker) [11]
Breaking of the peasant systems (culture, identity) [21,51,53]
Threatened local livelihoods [22,51]
End of local use of natural resources [11,21,53]
Isolation of rural population [5]
Decrease of local development [11]
Power asymmetry (employment by contractor) [11,22]
Gender inequality [11,58]
Increase of conflicts [67]
Land tenure conflict [21,58]
Increased rate of road accidents [65]

Positive

Increase of direct and indirect employment [11,68,69]
Safety in working sites [70]
Improvement of livelihood [71]
Improvement of education and healthcare facilities [69]
Improvement of infrastructures [69]
Increased connectivity (improvement of road network) [71]
Access to plantation resources (firewood, NTFP) [72]
Increase of social capital [72]

Economic externalities

Negative

Increased poverty rate [24]
Diminished economic opportunities [11,24]
Less employment opportunities [24]
Only modest employment offered [11,21,59]
Casual and poorly paid jobs (contractors) [11,59]
Greater reliance on hired labour [73]
Difficulties in trading native timber (dumping) [5]
Income decrease [22,68]
Inequality in distribution of plantation benefits [59]
Land loss [22,69]

Positive

Economy improvement [58]
Creation of business cluster [74]
Improvement of trading activities [75]
More importance of small and medium forest owners [59]
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Appendix B

Table A2. Frequency of the Likert scale per externality and relative scores of environmental externalities
according to the experts’ consultation.

Category Environmental
Externalities

Panel of Experts (n = 15)

ERI
(%)

Number of Respondents by Mark

Not
Important

0

Slightly
Important

1

Moderately
Important

2

Important
3

Very
Important

4

Extremely
Important

5

Positive
Externalities

Soil erosion control 1 2 2 3 3 4 62.7
CO2 sequestration 0 4 4 3 2 2 52.0
Pressure reduction
on natural forests 1 5 3 5 0 1 41.3

Increasing of
infiltration and
water storage

3 5 2 3 2 0 34.7

Increase of
ecosystem services 3 4 5 2 1 0 32.0

Biodiversity increase 3 7 4 0 1 0 25.3

Negative
Externalities

Landscape simplification 0 1 2 5 5 2 66.7
Biodiversity decrease 0 1 3 7 2 2 61.3
Water shortage 1 2 2 4 3 3 60.0
Native forest loss 2 2 2 5 2 2 52.0
Water pollution 2 3 5 2 1 2 44.0
Contamination
by pesticides 2 2 5 3 1 1 42.9

Degradation of
native forest 0 8 2 1 3 1 42.7

Soil degradation 4 4 3 1 3 0 33.3

Table A3. Frequency of the Likert scale per externality and relative scores of social externalities
according to the experts’ consultation.

Category Social Externalities

Panel of Experts (n = 15)

ERI
(%)

Number of Respondents by Mark

Not
Important

0

Slightly
Important

1

Moderately
Important

2

Important
3

Very
Important

4

Extremely
Important

5

Positive
Externalities

Increased connectivity
(improvement of
road network)

1 2 1 5 2 4 62.7

Increase of direct and
indirect employment 0 3 2 7 2 1 54.7

Improvement of livelihood 0 4 2 7 1 1 50.7

Improvement
of infrastructures 1 4 4 1 3 2 49.3

Access to plantation
resources (firewood, NTFP) 1 5 1 5 3 0 45.3

Improvement of education
and healthcare facilities 2 5 5 0 1 2 38.7

Safety in working sites 1 5 4 5 0 0 37.3

Increase of social capital 2 7 2 3 1 0 32.0
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Table A3. Cont.

Category Social Externalities

Panel of Experts (n = 15)

ERI
(%)

Number of Respondents by Mark

Not
Important

0

Slightly
Important

1

Moderately
Important

2

Important
3

Very
Important

4

Extremely
Important

5

Negative
Externalities

Increase of migration 0 4 2 3 5 1 56.0

Power asymmetry
(employment by contractor) 0 4 4 1 6 0 52.0

Breaking of the peasant
systems (culture, identity) 0 5 1 5 4 0 50.7

Gender inequality 1 3 4 3 3 1 49.3

Threatened local livelihoods 1 2 4 6 2 0 48.0

Land tenure conflict 0 4 5 3 2 1 48.0

Decreased local development 1 5 4 1 2 2 45.3

Increase of conflict 0 5 4 5 0 1 44.0

Increased rate of
road accidents 1 4 5 2 3 0 42.7

Increase of accidents (without
specialized worker) 1 5 4 3 1 1 41.3

Isolation of rural population 3 5 3 0 4 0 36.0

Health problems (pesticides) 2 5 5 1 2 0 34.7

End of local use of
natural resources 3 3 6 2 0 1 34.7

Table A4. Frequency of the Likert scale per externality and relative scores of economic externalities
according to the experts’ consultation.

Category Economic Externality

Panel of Experts (n = 15)

ERI
(%)

Number of Respondents by Mark

Not
Important

0

Slightly
Important

1

Moderately
Important

2

Important
3

Very
Important

4

Extremely
Important

5

Positive
Externalities

Economy improvement 0 1 1 9 2 2 64.0

Improvement of trading
activities 1 1 3 7 1 2 56.0

More importance of small
and medium forest owners 2 4 1 4 4 0 45.3

Creation of business cluster 1 4 5 3 2 0 41.3

Negative
Externalities

Inequality in distribution of
plantation benefits 0 1 4 2 5 3 66.7

Casual and poorly paid jobs
(contractors) 2 1 2 4 4 2 57.3

Land loss 1 2 3 2 4 2 57.1

Only modest employment
offered 2 2 1 5 3 2 54.7

Greater reliance on hired
labour 0 3 6 2 3 1 50.7

Increased poverty rate 1 4 2 7 0 1 45.3

Diminished economic
opportunities offered 1 4 4 3 3 0 44.0

Less employment
opportunities 1 5 3 3 3 0 42.7

Income decrease 2 4 5 2 2 0 37.3

Difficulties in trading
native timbers (dumping) 2 7 2 1 2 1 36.0
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