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Abstract

:

In Chile, the native forest has suffered anthropic pressure that has resulted in the reduction in its surface and increased degradation, which has led to the development of public policies to reverse this scenario and encourage its sustainable management and conservation. This study examines the socioeconomic variables that influence the area increase in native forests in southern Chile, based on the analysis of 154 properties in the regions of Los Ríos, La Araucanía and Los Lagos. Georeferenced information from the 2015 SIMEF program survey and the Cadastre and Evaluation of Native Vegetation Resources of Chile were used. A Probit regression model was implemented, which associates a traceable increase in the native forest area with the variables regarding the owner: location, gender, age, schooling, management plan and technical advisory; and regarding the exploitation: farm size, percentage of native forest, scrub and forest plantations of the property and number of animal units. The econometric results show that smaller farms and those located in Los Lagos presented less probability of increasing their native forests. In the same way, an increase in the share of forest plantations area decreases the probability. Conversely, the scrub area share is related to the recovery of native forests in the sample. No significant effects of the variables associated with the implementation of management plans and technical assistance were found.
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1. Introduction


Globally, deforestation is considered an undeniable factor of environmental changes in recent decades [1]. Deforestation is responsible for 10 to 17% of carbon emissions globally, which, since 2007, has led to intergovernmental efforts to mitigate them under initiatives such as REDD+, which implements programs to reduce the amount of forested land converted to other purposes [2].



Several reports across the globe have studied forest management and human dimensions. Dey et al. [3] argue that dramatic changes in climate, invasive species, human population and land use have created novel disturbance regimes challenging forest’s regeneration. Poudyal et al. [4] found that landowner’s decisions in the US south are influenced by socioeconomic characteristics, forest ownership motivation, management objectives and expected financial returns. The study of Joseph et al. [5] indicates that improvements of properties and education of landowners are key for the success of forest restoration programs in Peru. In the same line, Thorn et al. [6] indicate that knowledge and education are key for forest management practice adoption in El Salvador. A case in Kenya claimed that employment status, education, ownership, and access to market were relevant to improve participation in forest management [7]. Owusu et al. [8] identified land access and land security as determinants for landscape restoration in Tanzania. Adhikari et al. [9] noted that the enforcement of property rights is a key element for forest resource governance in Nepal; Pokharel et al. [10] indicate that sustainability index use is useful to identify key issues to enhance forest management in the same country. Silva et al. [11] argue that forest fire dynamics are determinant in landscape changes in Portugal. The design of systems that combine productivity and the features of traditional farm woodlands are crucial for biodiversity and ecosystem services [12].



In Chile, there are 14.7 million hectares of native forest, of which 4.7 million hectares, corresponding to 31.9% of the total area in the country, are distributed in the regions of La Araucanía, Los Ríos, and Los Lagos, 25.7% are within the National System of State Protected Areas (SNASPE) and the remaining 74.3% are in private hands [13]. The forests in this area correspond to the Valdivian rainforest ecoregion, which develops in Chile and adjacent areas of Argentina between parallels 35° and 48° S, including various types of forests, scrublands, wetlands, rivers, and lakes [14]. These forest ecosystems support fundamental ecological functions at local and global levels, such as nutrient recycling, soil protection, biodiversity conservation, climate regulation and hydrological control [15]. These functions support important ecosystem services that are the basis for various economic activities, such as water production for cities, aquaculture, sport fishing and ecotourism [16].



This ecoregion has been classified among those with conservation priority worldwide due to its status as a biodiversity hotspot, its high level of endemism and rapid rate of destruction and degradation due to anthropic causes [14,17,18]. Valdivian Temperate Rainforests are in a poor and fragile state of conservation due to the high human population density and conflicting land use demands on productive sites [19]. These forests have been subject to strong anthropic pressure due to the habilitation of land for agriculture and livestock, fires and burning, inappropriate management practices, the advance of cities and the consequent increase in the demand for fuelwood. In the year 1550, the native forest in the ecoregion covered 11.3 million hectares, a figure that decreased in 2007 to 5.8 million hectares, 51% of the original area [20]. A recent estimation for Arauco Province, part of the study area, indicates a native forest loss of 6.5% per year for the 2001–2016 period [21].



Additionally, another important factor of deforestation is the effect of livestock on the native forest. The main non-timber product obtained from the native forest is fodder, its extraction by the animals is known as browsing and brings benefits to the producers thanks to the production of meat for sale and/or self-consumption; however, this practice has not been valued by the technicians, nor by the Law, and produces forest degradation of the “bottom up” type, negatively affecting its natural regeneration [22].



Considering the case of Chile and its investments in the forestry sector, the State expressed its concern starting in 1931 and intensified when Decree Law 701 (DL701) was implemented in 1974 [23]; this provided subsidies corresponding to 13.5 million dollars per year between 1976 and 2010 [24], giving great importance to the forestry sector, which currently represents 2.1% of the national gross domestic product [3]. Despite the macroeconomic growth that this promotion brought about, it brought negative consequences in the social and environmental spheres since the municipalities with the greatest poverty in the country correspond to those with the highest proportion of forest plantations [23]. The practical effect of this economic incentive was the expansion from an area of 300,000 hectares in 1970 to an area of 3 million hectares in 2016 [25] and places the plantation of exotic species in the main land use, in which the native forest has been converted between the Maule region (35.5 S) and the coastal zone of the Los Ríos and La Araucanía regions (40 S), according to the study by Miranda et al. [26].



In this line, in 2012, Law 20,283, known as the Native Forest Law, was promulgated, which establishes a series of regulations and economic incentives for the recovery and promotion of the resource. However, during its first years of operation it was not very effective in meeting its objectives [27]. Between 2009 and 2012, 3.7% of the program budget was effectively assigned, demonstrating a low participation of users and forestry impact; however, the figures improved to an average of 19.6% for the period between 2013 and 2017 [28]. According to Reyes et al. [22], understanding the reasons for this situation requires a comprehensive analysis that addresses public policies, their programs, and of course, the reality of the people, who ultimately are the ones who decide how to manage the forest and the use or not use of the Law. Access to information, the link with institutions, subsidy amounts, infrastructure and technological means, cultural values, economic pressures, knowledge, and traditional management practices are some of the many variables that can be mentioned. Given that 74% of the native forest is in private hands, it is crucial to know the socioeconomic forces that may lead owners to make the decision to use it.



There is insufficient information on the disturbance recurrence and recovery of forests [29]. Additionally, most of the existing literature of deforestation and land use change are based on regional and even national and global macroscopic perspectives, while studies on smaller scale are rare [30].



With this background, the objective of this study was to determine the socioeconomic and productive variables behind the increase in native forest in the regions of La Araucanía, Los Ríos and Los Lagos in southern Chile. The area increase in native forest was investigate, because, in the cases that this area maintains, decreases are more complex to detect, and the natural tendency of the forest is to expand. To meet this objective, properties were identified in which an increase in the native forest area was evidenced in the period of interest (16–17 years) in the study area and an explanatory model was elaborated to identify probabilities of area increase in native forest according to the background of the decision makers and other relevant variables. We combined a farm-level survey and cadasters information.




2. Methods


2.1. Information Sources and Study Area


A section of the database of the SIMEF program (SIMEF is the Integrated System for Monitoring Native Forest Ecosystems of Chile, it is a national program promoted by the Chilean Ministry of Agriculture and implemented collaboratively by the Chilean Forestry Institute (INFOR), the Chilean Forestry Corporation (CONAF) and the Chilean Information Center for Natural Resources (CIREN) to implement and strengthen an integrated monitoring and evaluation system of the country’s native forest ecosystems (https://simef.minagri.gob.cl, accessed on 2 June 2023) was used, in which a survey of socioeconomic information was carried out in the same georeferenced sampling points (Figure 1). Those points are used to monitor biophysical variables of the forests and, additionally, there is an application of surveys and semi-structured interviews carried out with the main decision makers of farms between the regions of Coquimbo and Magallanes. The survey began in August 2016 and ended in May 2017.



This study includes the regions of La Araucanía, Los Ríos and Los Lagos, between the parallels 38°14′ S and 43°07′ S and the meridians 73°59′ W and 71°30′ W. It corresponds to one of the five climatic macro-regions of the country, called the South Zone, and has a temperate oceanic climate (Cfb), according to the Köppen classification, due to the low height of the Andes, the influence of the west winds, its high rainfall, and oceanic conditions [31].



The process contemplated three successive stages. The analysis began with 210 points corresponding to the three regions, from which the following were discarded:




	
29 for having a size smaller than the minimum mappable unit,



	
15 not having complete information within the survey,



	
and 12 having more than one point within the limits of a property (which would mean that a subdivision process was experienced).








The above generated 154 points that were used in the analysis (Figure 1), this process is reflected in Figure 2.




2.2. Native and Mixed Forest Surface Estimation


In the case of forests, recovery is a part of resilience, joint with persistence and reorganization [32,33]. To estimate the recovery area of native forest at each analyzed property, the information sources described in Table 1 were used, using the open-source Geographic Information System software QGIS version 3.10.5. For this, the following layers were used:




	
Internal Revenue Service Roles: Layer that contains the boundaries of non-urban properties. These properties are identified by the role, which are numbers that are used to identify properties or real estate and that are unique at the community level.



	
Cadastre and Evaluation of Chile’s Native Vegetation Resources: Layers prepared by the National Forestry Corporation that classify land use classes and subclasses. For this study, the area of native and mixed forest defined by the following parameters were quantified [34]:




	○

	
Native Forest, ecosystem in which the tree layer is made up of native species that have a height ≥ 2 m and a crown cover ≥ 25%.




	○

	
Mixed Forest, which corresponds to a combination of two situations: mixture of native forest (adult or sapling) and planted species in proportions that fluctuate between 33% and 66% coverage. Native forest with feral exotics: corresponds to a mixture of native forest (adult or sapling) and exotic species that have regenerated naturally in proportions that fluctuate between 25% and 75% coverage for each of the categories that it contains.









	
Surveyed points: Spatially locates the owners who participated in the SIMEF survey and assigns them an identifier number made up of the region number and the surveyed number. The survey comprises the following sections: general information; decision maker information; income sources; productive characteristics; among other questions.








One of the limitations of the inputs of this study is to use the coverage of roles from the year 2000 for the De Los Ríos region since, in subsequent years, there may have been subdivisions in the properties that would not be reflected.



The information was projected in the WGS 84/UTM zone 19S coordinate reference system. For each region of the study, the intersection between the layer of properties and points was made to select the polygons of the properties that were surveyed, which gave rise to a new layer of information. With this new layer and that of the Vegetation Cadastre, vector operations (dissolve) were performed with respect to the fields of the attribute table corresponding to native forest and mixed forest. Subsequently, the respective attribute tables were exported to Excel and operations were carried out to determine the absolute and area change percentage of native and mixed forest (an example is contained in Figure 3).




2.3. The Probit Model


This study focused on the points where increases in native forest were detected due to the traceability of the information from the cadaster and the survey (see Figure 2). The dependent variable (Y) takes value 1 if it is possible to determine an increase in native forests, and 0 otherwise. To determine the probability of increase in the native forest area by the owners of the sample, a binary response model was estimated using Probabilistic Regression (Probit), Equation (1). The definition of the equation to be used is [35]:


    P   i   = P r   Y = 1   = P r     U   i 1   ≤   U   i 0     = F     U   i     =   1    2 π     ∫  β ′   X   i     e   − t / 2   d t    



(1)




where:




Pi: probability of occurrence of the increase in native forest area on the property.






β: vector of coefficients.






Xi: set of variables that explain the increase in native forest area.






t: standardized normal variable.





This model is centered on the utility theory or the rational choice perspective of behavior, which is based on the premise that people can systematically rank their choices based on their preferences [35]. Recent studies have used this approach to link decisions to the socioeconomic and productive characteristics of forest owners, see [36,37,38,39,40,41,42]. Although in this study the dependent variable does not represent an explicit decision, there is an implicit decision to extract forest products, whether they are wood or non-wood, which would negatively affect the success of the variable in the analysis.



The model corresponds to a binary response, where the dependent variable can take the value 1 to indicate success in the analysis variable or 0 in the case of not doing so; it uses a cumulative distribution function that must cross a threshold so that the variable takes the value of 1. As the dependent variable is unobservable or latent, the maximum likelihood method must be used, assuming that the distribution of errors is normal. It has a latent variable that is determined by the explanatory variables detailed below [43].



In accordance with previous studies on forest management [36,37,38,39,40,41,42], it is expected that socioeconomic variables (age of the owner, schooling, among others) of the productive system (farm size, animal units, land use) and others, such as if it has current management plan or access to technical assistance, are influencing the probability that the area of native forest increases. For this study, the variables in Table 2 were considered, according to the information obtained from the survey.





3. Results and Discussion


The following results and their discussion are presented below: native forests area change in the timeframe of the study, characterization of the surveyed owners and the Probit probabilistic regression model. Table 3 summarizes the estimated changes in the timeframe through the identification of the increase in forest area in the surveyed properties using the QGIS software.



3.1. Change in the Area of Native Forests in the Timeframe


The total area of native forest surveyed is 161,265 hectares, corresponding to 3.43% of the area of native forest in the study area. According to the computation through the QGIS program, we found an increase in 83 of 154 cases (53.9%; see Table 3). We focused the analyses in this category given that it is possible to make a traceable monitoring of each point. The determination of the decreasing or the no change point is more complex given the source of information used in this analysis. The use of land covers to evaluate changes at farm level is a challenge given the different information sources used for this purpose.



The main limitation of this study is due to the fact that there have been methodological changes in the estimation of changes in the native forest cover which quantify changes in the class of land use due to changes in the classification criteria and do not correspond to changes on the surface, that is, the methodology is not consistent over time, making it a non-comparable system [44]. Due to this, emphasis was placed on the socioeconomic factors of the owners that showed an increase in the native forest evaluated through the geographic information system.




3.2. Characteristics of the Owners Surveyed


Based on the results obtained from the SIMEF survey completed in 2017 (Table 2), it was possible to characterize the owners through demographic variables and their exploitation.



The average age of the owners is 58 years, 87% are men and only 13% are women, they have an average education of 10 years, which is equivalent to incomplete secondary education, and inequality is also reflected with a standard deviation of 4.2 years.



Farm size has a mean value of 1047 ha and ranges from 0.5 to 50,000 ha. Given the heterogeneity of this variable, we decided to consider the four quartiles as dummy variables in the model. Regarding farm size, with a Gini coefficient of 0.91, Chile ranks second in inequality in terms of the distribution of land ownership at the Latin American level [45].



Farms have an average of 60.1% of their area corresponding to native forest, which has a great impact on the property economy since, as indicated by Reyes et al. [22], for many small and medium-sized owners, it works as an emergency resource usable when there are no other sources of income, and as a savings account that can be used intergenerationally. The main product that the owners extract is firewood, which is produced by 75% of them, while only 5% produce saw logs, which correspond to the main product to which added value can be given. This fact has generated several ecosystem conservation problems in the study area [46,47].



The scrub area share presented a mean of 3.4% at farm level, ranging from 0 to 65%. It is expected that this type of land cover allows the expansion of the surface of native forests. On the other hand, the forest plantation covers presented a mean value of 5%, ranging from 0 to 62%. We can expect a certain substitutive effect among native forests and plantations in economic terms given that both compete for labor and land in the farm.



Two key elements affecting the applicability of the Native Forest Law are the implementation of management plans and the access to technical advisory for this objective. In our sample, while one half of the producers presented access to technical advisory, only 21.4% of the forest owners presented this document.




3.3. Probit Model Fitted


The results obtained through the Probit probabilistic regression model (Table 4) elaborated in the STATA 15 software are detailed below.



The relative area of scrubs presented a significant and positive influence with the native forest recovery; an increase of 10% of scrub share generates an increase of 16% in the probability of finding a recovery of native forests at farm level. Conversely, the share of forest plantations presented a significant and negative effect. An increase of 10% of forests plantations generates an increased probability of 8%, approximately.



In relation to the total area of the farm, we detected a positive and significant effect of the farms in the second quartile compared to the smallest quartile (29.5%). This is consistent with what was observed by Reyes [48]; the probability of extracting wood from the native forest increases in smaller properties, being especially high in those with less than 150 hectares. This is an antecedent that suggests alternatives to meet the objectives of the Native Forest Law. To achieve improvements in the social sphere, with such a reduction in the inequality of income, it is convenient to focus on small landowners; however, in quantitative terms of the Native Forest area and according to the model results, it is better to focus on large landowners, as indicated by Reyes et al. [22]. In addition, these are the ones who can take advantage of the economies of scale [49].



The econometric results show that the location of the property is highly relevant. A significant and positive influence was detected when the owner belongs to the Los Ríos region; the probability of finding an increase in native forests increased by 27.7% in comparation to those located in the region of Los Lagos (omitted variable). Regarding the Los Lagos region, it is important to point out that it is the third region in which the Native Forest Law in Chile is least known, after the Coquimbo region and the Metropolitan region [48]. However, the Los Lagos region has the second largest area of native forest in the country [3], therefore the knowledge of the Native Forest Law should be in accordance with these proportions; as this is not the case, it indicates the urgency to implement a training design and forestry extension focused on this region.



The variables of gender, age, years of schooling, number of animal units, advice and current management plan did not show a significant effect on the probability of detecting an increase in native forest.



The selected model has an acceptable predictive power, correctly classifying 70.13% of the observations (Table 5). Additionally, we checked for multicollinearity problems evaluating the bivariate correlations among independent variables (Appendix A, Table A1).



Both the academic and policy literature debate the extent to which decentralized forest management programs in developing countries should incorporate poverty reduction goals. While some authors argue that targeting poverty reduction objectives will decrease the effectiveness of conservation because poorer households do not have the scale to promote conservation like wealthier households or commercial entities, others argue that the targeting of benefits towards the most vulnerable sectors would contribute to the effectiveness of conservation, either by promoting sustainable livelihoods or helping to legitimize conservation programming; however, the authors of this study emphasized the precarious stage of the evidence base for programming conservation plans and their social effects [2].



DL 701 was effective in terms of establishing economic growth as a result of promoting afforestation, however, as the concept of development evolved and the externalities of DL 701 began to become evident [50], the challenge of a forestry policy according to the evolution of this concept became clear, requiring further interdisciplinary studies. Despite the fact that the Evaluating Panel considered it necessary to “Deepen, through specific studies, the knowledge about the target population and about the reasons for the low participation of native forest owners in the bonus system of the Program” [49], the percentages of participation show such low levels that it is considered necessary to focus more attention on the Law than on the owners. This fact is relevant in view of Nationally Determined Contributions to preclude the worst effects of climate change; Chile is committed to conserve one hundred thousand hectares of native forests [51].



According to Skewes et al. [52], the living practices that contribute to the regeneration of the Chilean temperate forest are related to the understanding of relationships between species such as families and associations, where trees play a significant role; however, it occurs in the context of hybrid landscapes and is strongly influenced by the historical circumstances faced by communities. Incentives for forest conservation in Chile can be improved on to consider the actual private cost of conservation and the ecosystem benefits of forest conservation [53].



According to Reid et al. [54], due to the long timeframes, costs and complex social dynamics associated with temperate forest restoration and rehabilitation, innovative inter-generational policy, funding, and business solutions, together with careful consideration of monitoring and evaluation processes and social understanding are required to ensure the success of multi-decadal and multi-century projects. In this line, Donoso et al. [55] argue that there are several opportunities for silvicultural systems to contribute to sustainable management, reverse forest degradation and cope with climate change, developing mixed- and single-species productive and carbon-rich forests with a greater adaptive capacity. According to Auffret & Thomas [56], it is important to consider multiple drivers of global change when trying to understand, manage and predict biodiversity in the future.





4. Conclusions


In our study, we identified 83 of 154 properties in which there was an area increase in native forest according to the analysis carried out through the geographic information system. These systems are characterized by presenting differences in terms of gender; schooling; farm size and, in general, the land use at farm level.



According to the explanatory model, it was possible to identify that the variable relative area of scrubs positively affects the probability of increasing the area of native forest, and that the variable forests plantation share negatively affects the probabilities of increasing the area of native forest. Small farms and those located in the region of Los Lagos were less likely to increase their native forest surface. No significant results were found for the variables associated with management plans and technical assistance. Our results suggest the importance of improving the understanding of human dimensions for forest decision management. The regulations and incentives design must consider the multiple realities, characteristics, and motivations of forest decision makers to achieve sustainability goals.



In future studies, it is necessary to carry out analyses in larger areas, considering social and psychological factors that were not captured by the survey that could affect the decision-making processes of the owners. Additionally, it is necessary to advance in studies considering spatial or neighborhood effects, given that ecosystem functions cannot be related to farm or administrative limits.



Some specific proposals for the improvement of the Law, taking into account the results of this study, include the standardization of cartographic monitoring with a consistent and comparable methodology over time [44]; promote the addition of value of sawn timber and encourage the formal market in such a way that the resource acquires competitiveness, for these purposes, there are already precedents of technical-economic studies [57]; and finally, study in depth the table of costs of subsidized activities, in such a way that they represent the real value of activities, and adjust based on the realities of variables such as the accessibility of the property among others.
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Table A1. Correlations among independent variables.






Table A1. Correlations among independent variables.
























	Variable
	Age
	Schooling
	Animal Units
	Native Forests Share
	Scrub Share
	Forests Plantations Share
	Farm Size Q1 (Omitted)
	Farm Size Q2
	Farm Size Q3
	Farm Size Q4
	Araucanía
	Los Ríos
	Los Lagos (Omitted)
	Gender
	Forest Management Plan
	Technical Advisory





	Age
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Schooling
	−0.29
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Animal units
	−0.10
	0.15
	1
	
	
	
	
	
	
	
	
	
	
	
	
	



	Native forests share
	−0.10
	0.08
	−0.11
	1
	
	
	
	
	
	
	
	
	
	
	
	



	Scrub share
	−0.06
	−0.04
	−0.07
	−0.16
	1
	
	
	
	
	
	
	
	
	
	
	



	Forest plantations share
	−0.02
	0.08
	−0.05
	−0.17
	−0.11
	1
	
	
	
	
	
	
	
	
	
	



	Farm size Q1 (omitted)
	−0.02
	−0.36
	−0.13
	−0.06
	−0.05
	−0.03
	1
	
	
	
	
	
	
	
	
	



	Farm size Q2
	0.07
	−0.18
	−0.13
	0.04
	0.01
	−0.04
	−0.33
	1
	
	
	
	
	
	
	
	



	Farm size Q3
	0.11
	0.21
	−0.02
	−0.24
	−0.02
	0.10
	−0.33
	−0.33
	1
	
	
	
	
	
	
	



	Farm size Q4
	−0.16
	0.33
	0.27
	0.25
	0.07
	−0.03
	−0.33
	−0.33
	−0.33
	1
	
	
	
	
	
	



	Araucanía
	0.19
	0.03
	−0.08
	−0.13
	−0.15
	0.23
	0.06
	0.06
	0.01
	−0.12
	1
	
	
	
	
	



	Los Ríos
	−0.08
	0.03
	0.09
	−0.06
	0.32
	0.07
	−0.25
	−0.10
	0.01
	0.34
	−0.34
	1
	
	
	
	



	Los Lagos (omitted)
	−0.06
	−0.05
	−0.03
	0.15
	−0.20
	−0.23
	0.21
	0.06
	−0.01
	−0.25
	−0.38
	−0.73
	1
	
	
	



	Gender
	0.02
	−0.06
	−0.08
	0.13
	0.03
	0.01
	−0.03
	0.01
	−0.07
	0.08
	−0.15
	0.04
	0.07
	1
	
	



	Forest management plan
	−0.12
	0.18
	0.10
	0.18
	−0.06
	0.14
	−0.23
	0.03
	0.02
	0.17
	0.09
	0.02
	−0.09
	0.09
	1
	



	Technical advisory
	0.08
	0.25
	0.16
	0.16
	−0.16
	0.14
	−0.33
	−0.03
	0.04
	0.31
	−0.02
	0.11
	−0.09
	0.12
	0.43
	1
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Figure 1. Location of surveyed application points in the study area. 
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Figure 2. Selection process of points to analyze. 
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Figure 3. Properties in the northern zone of the Los Lagos region that include surveyed points (left) and surface area of native and mixed forest in these properties (right). 
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Table 1. Years of the layers used and period covered for the quantification of the change in native and mixed forest in the study area.
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	Region
	Year of the Properties Layer
	Year of the First Layer of the Cadastre
	Year of the Second Layer of the Cadastre
	Timeframe of Analysis

(Years)





	Araucanía
	2000
	1997
	2014
	17



	Los Ríos
	2000
	1997
	2014
	17



	Los Lagos
	2016
	1997
	2013
	16










 





Table 2. Sociodemographic and farm variables considered in the model and their expected effect on the increase in native forest.
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	Variable Name
	Description
	Mean
	S. D.
	Expected Effect





	Continuous
	
	
	
	



	Age
	Age of the owner or decision maker in years
	57.7
	13.4
	(−)



	Schooling
	Number of years of formal education of the owner
	10.0
	4.2
	(+)



	Animal units
	Number of animal units (AU) in the farm
	112.8
	437.6
	(−)



	Native forests share
	Proportion of native forest area in relation to the total farm size (%)
	60.1
	27.7
	(+)



	Scrub share
	Proportion of scrub area in relation to the total farm size (%)
	3.4
	9.2
	(+)



	Forest plantations share
	Proportion of forest plantations area in relation to the total farm size (%)
	5.0
	12.0
	(−)



	Binary
	
	
	
	



	Farm size Q1
	Equals 1 if the farm size is in the first quartile (farm size > 30 ha), 0 otherwise
	0.25
	-
	(−)



	Farm size Q2
	Equals 1 if the farm size is in the second quartile (30 ha ≤ farm size > 99.5 ha), 0 otherwise
	0.25
	-
	(−)



	Farm size Q3
	Equals 1 if the farm size is in the third quartile (99.5 ha ≤ farm size > 565 ha), 0 otherwise
	0.25
	-
	(+)



	Farm size Q4
	Equals 1 if the farm size is in the fourth quartile (farm size ≥ 565 ha), 0 otherwise
	0.25
	-
	(+)



	Araucanía
	Equals 1 if the farm is located in La Araucanía region, 0 otherwise
	0.15
	-
	(+,−)



	Los Ríos
	Equals 1 if the farm is located in Los Ríos region, 0 otherwise
	0.40
	-
	(+,−)



	Los Lagos
	Equals 1 if the farm is located in Los Lagos region, 0 otherwise, omitted variable
	0.45
	-
	(+,−)



	Gender
	Equals 1 if the owner indicates belonging to the male gender, 0 otherwise
	0.83
	-
	(+,−)



	Forest management plan
	Equals 1 if the owner indicates to have a forest management plan, 0 otherwise
	0.21
	-
	(+)



	Technical advisory
	Equals 1 if the owner indicates to have technical advisory for forest management, 0 otherwise
	0.50
	-
	(+)







Note: Animal Units (AU) are calculated using a factor which converts animals of different species or sizes into equivalent units (One AU is equivalent to a 400 kg cow approximately). An example is available at: https://www.iowadnr.gov/Portals/idnr/uploads/forms/5420020.pdf (accessed on 20 June 2023).













 





Table 3. Classification of cases in the three regions of study.
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Situation Region

	
Change in Native Forest Area Calculated in QGIS




	
Decrease

	
No Changes

	
Increase






	
Araucanía

	
2

	
10

	
12




	
Los Ríos

	
9

	
9

	
45




	
Los Lagos

	
18

	
23

	
28




	
Total

	
29

	
42

	
83











 





Table 4. Estimation of the Probit regression model.
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	Variable
	Coefficient
	Robust Standard Error
	Marginal Effects





	Age
	−0.0060
	0.0088
	−0.0023792



	Schooling
	0.0091
	0.0313
	0.0035906



	Animal units
	−0.0001
	0.0002
	−0.0000482



	Native forests share
	0.0002
	0.0046
	0.0000717



	Scrub share
	0.0408 **
	0.0190
	0.0160993 **



	Forest plantations share
	−0.0201 **
	0.0100
	−0.0079353 **



	Farm size Q2
	0.8089 ***
	0.3174
	0.2954345 ***



	Farm size Q3
	0.3887
	0.3375
	0.1493749



	Farm size Q4
	0.5068
	0.4071
	0.1924921



	Araucanía
	0.4734
	0.3555
	0.1778919



	Los Ríos
	0.7262 ***
	0.2739
	0.2766469 ***



	Gender
	0.2696
	0.2868
	0.1062543



	Forest management plan
	0.2503
	0.2969
	0.0970840



	Technical advisory
	−0.2996
	0.2514
	−0.1176826



	constant
	−0.6324
	0.8134
	-



	Log pseudolikelihood
	−89.28
	
	



	Pseudo R2
	15.99%
	
	



	N
	154
	
	







Notes: **: p < 0.05; ***: p < 0.01. command probit of STATA 15.













 





Table 5. Prediction of the econometric model.
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Classified by the Model

	
Original Data




	
Increase

	
Other






	
Classified positive

	
62 (74.7%)

	
25 (35.2%)




	
Classified negative

	
21 (25.3%)

	
46 (64.8%)




	
Mean

	
70.13%
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