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Abstract

Globally, 74% of forest area is owned by governments. In Mexico, private property can be
collective (colony, ejidos and communities) or individual (natural or juridical persons). Individual
forest property is related to the concept of small property, defined by the Agrarian Law as an area
of land owned by a single owner. The objective was to characterize privately owned forest
properties (POFPs) in terms of their abundance, composition and uses, as well as the general
characteristics of the type of forest management applied, based on the fusion of available data and
some assumptions. The cover of series VI of INEGI was used to characterize the vegetation cover
of individual properties. Land use change estimates were made by difference between the cover of
series VI and series Ill. Timber and non-timber harvest volumes and areas are derived from the
relational database developed in Microsoft Access®. The results show that there are about 769 000
ha in POFPs under timber exploitation of a potential of 9.4 Mha of primary and secondary
vegetation forests located on private properties; forests that could be added to sustainable forest
management. It was observed that only 8% of temperate forests on private properties are legally
exploited, so there is a large area of temperate forests that could be incorporated into sustainable
forest management. POFPs have an important participation in timber production, representing an
important component in forest management at the national level.
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Introduction

Historically, most of the world’s forests have been under government control and the most
common use has been timber exploitation through concessions (Molnar et al., 2011). Sunderlin
et al. (2008) estimate that, globally, 74% of forest area is owned by governments; about 2.3%
is government owned but inhabited by forest communities; 9.1% is communally owned and
managed by communities, while the remaining 14.2% is owned by individuals (individuals or
companies).

In developing countries, the percentage of forests owned by communities is higher and reaches an
average of 27% (Larson et al., 2010), with extreme cases such as China with 60% (Zinda and
Zhang, 2018), Mexico with 62% (Torres and Callejas, 2015) and Papua New Guinea with more
than 90% (White and Martin, 2002). However, at the global level, timber exploitation continues to
be carried out mainly in forests owned by individuals and in state forests through the system of
timber exploitation concessions (Molnar et al., 2011). In Mexico, private property can be collective
(colony, ejidos and communities) or individual (natural or juridical persons).

Individual forest property is related to the concept of small property, which, according to the
Agrarian Law, is defined as an area of land owned by a single owner. The maximum extent of
the small property is defined in terms of the irrigated agricultural land or its equivalence for
land of other uses. The legislation states that a natural person can own a maximum of 100
contiguous irrigated hectares and be considered a small owner. The equivalence of 8 for the
case of land for forest use limits the ‘small” forest property to a maximum of 800 ha (Article
119, Ley Agraria).

This maximum area of private forest property is large enough to carry out productive activities on
an efficient scale. However, larger scales of production can be achieved if it is considered that the
same law allows partnerships between small owners whose area is equivalent to a maximum area
equal to twenty-five times the small property, that is 20 000 ha. In the forestry sector, these
partnerships between individual properties are common in the management of forest resources in
what is known as ‘property sets’ for timber management (Carrillo et al., 2017) or for forest
management with various purposes (Pérez-Verdin et al., 2015).

In Mexico, the latest land use map published by the National Institute of Statistics and Geography
(INEGI, 2017) shows that the country’s forest area is approximately 66.2 million hectares. Of this
area, it is estimated that about 61% (39.8 million ha) corresponds to ejido and communal property
(Torres and Callejas, 2015), while the rest of the forest area is distributed between private property,
agricultural colony and public property.

INEGI (2016), in its ‘update of the agricultural census framework’ estimates that 53.1% of the
national area is socially owned (ejidos and communities), 44.8% privately owned (natural or
juridical persons), while the remaining 2.1% is either government (federal, state and municipal)
property, or defined in agricultural colonies.
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Based on this information and under the assumption of a random distribution of land uses, it can
be estimated that between 38% and 40% of the forest (temperate and tropical) area is under private
property. This area, close to 25 million ha (Mha), has been poorly documented even though it is of
high importance not only for the timber production derived from it, but also for the ecosystem
services it generates.

Much of the characterization of forest management in Mexico has been carried out in ejidos and
communities, so there is little information about the characteristics of private forest producers.
Undoubtedly, this lack of knowledge must be modified in the near future given that, under the new
Law for Sustainable Forest Development of 2018 (DOF, 2018), forest management carried out by
‘rightful owners and possessors, under the principles of sustainability, equity, inclusion and respect
for traditions, uses and customs’, is also considered community forest management, it refers to the
fact that a number of privately owned properties are usually family properties, where decision-
making is carried out within the family (Mendoza et al., 2015).

With this background, the present work aims to characterize privately owned forest properties
(POFPs) in terms of their abundance, composition and uses, as well as the general characteristics
of the type of forest management to which they are subjected.

Materials and methods

The characterization of producers is based on the fusion of different available databases and some
assumptions. For the characterization of the vegetation cover of the private properties, the cover of
series VI of INEGI (INEGI, 2017) was used, which has 2014 as its reference year. It was assumed
that the cover of private properties corresponds to the complement of the cover of properties (RAN,
2012) with social property (ejidos/communities), this derived from the fact that only 2.1% of the
total area of the country is owned by the government (federal, state or municipal) or has the legal
figure of colony (INEGI, 2016). Under this assumption, the estimated cover of privately owned
land use would have a maximum overestimation of 2.1%.

The estimates of land use change were made by difference between the cover of series VI and
the cover of series Il (INEGI, 2017), which has 2002 as its reference year, using general
categories of land uses. This difference was transformed into the annual rate of change of land
use based on the compound interest formula for the 12-year period (difference between the
reference year of the series used in the comparison). The estimation of the proportion of the area
in private property that is in protected natural areas (PNAs) was made with reference to the PNA
cover of CONABIO (CONABIO, 2021), while the estimation of the levels of marginalization in
the areas of private property was approximated with the marginalization cover of CONAPO
(CONAPO, 2016).

Estimates of timber and non-timber harvest volumes and areas are derived from the relational
database in Microsoft Access® developed by Carrillo et al. (2017), which is integrated by the
information contained in authorization documents of timber forest exploitation, forest management
programs (FMPs) for the exploitation of timber forest resources and notices of non-timber
exploitation, as well as other socioeconomic variables in different entities of the federal and state
governments. The states included in this database are: Chihuahua, Durango, Jalisco, Michoacan,

843



Rev. Mex. Cienc. Agric. vol.13 num.5 June 30 - August 13, 2022

Guerrero, Oaxaca, Puebla, State of Mexico, Chiapas, Quintana Roo, Veracruz and Campeche.
Finally, the reclassification of types of producers, management systems and other variables are
detailed in Carrillo et al. (2017).

Results
Characteristics of privately owned forest areas

Based on series VI of INEGI and considering the estimate of area by type of property defined in
the ‘update of the agricultural census framework’ (INEGI, 2016), it was estimated that the total
area considered under the status of private, state and colonial property (hereinafter POA) is 94.1
Mha. Of this total, 27.5% corresponds to forests and rainforests (equivalent to 25.8 Mha), a
proportion lower than the 39% of forest cover represented by areas under the status of social

property.

The difference in this proportion is that POA areas concentrate a greater proportion of area in urban
areas (1.7%), agricultural areas (16%), pastures (19.4%) and forest plantations. It is notable that
POAs concentrate 55% of the 27.5 Mha with agricultural use in the country (Torres and Rojas,
2018) and more than 85% of the area in forest plantations.

The higher population density in POAs makes them more prone to changes in land use, as shown
in Table 1, where annual rates (period 2002-2014) of increase (i.e., negative value between the
difference in cover 2002-2014) of the area in forest plantations (9.8%), agricultural area (0.38%),
urban settlements (3.58%), area without vegetation (0.68%) and temperate forest (0.15%) stand
out. This latter land cover would seem to indicate a significant annual recovery of the temperate
forest cover in POAs; however, the breakdown of this land use into relevant subcategories (Table
1) shows that there is a loss of primary vegetation (mainly pine-oak) and an even greater gain in
secondary vegetation, both processes make it appear a gain of cover in the aggregate (negative net
deforestation).

Table 1. Annual rate of land use change in selected land uses within POAs.

Land use Annual variation rate Land use Annual variation rate
(%) (2002-2014) (%) (2002-2014)

Plantation -9.8 Agriculture -0.38

Temperate forest -0.15 Rainforest 0.275

Oak forest 0.33 High evergreen 0.795
rainforest

Oak-pine forest 0.28 Low deciduous 0.571
rainforest

Pine forest 0.12 Low deciduous thorny 1.663
rainforest

Pine-oak forest 0.91 Low evergreen 4.129
rainforest

Cloud forest 0.63 Low semideciduous 3.948
rainforest
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Land use Annual variation rate Land use Annual variation rate
(%) (2002-2014) (%) (2002-2014)
Secondary tree vegetation -2.97 Medium semievergreen 2.002
of oak forests forest
Secondary tree vegetation -3.11 Pasture 0.235
of oak-pine forests
Secondary tree vegetation -2.34 Without vegetation -0.682
of pine forests
Secondary tree vegetation -2.81 Urban settlement -3.585
of pine-oak forests
Secondary tree vegetation -1.81 Arid and semi-arid 0.228
of cloud forests areas

Estimate based on series Il and VI of INEGI (2016) and RAN (2012).

However, these figures clearly show a loss of primary vegetation and a marked degradation of the
main types of vegetation of the temperate forest, in which timber exploitation is carried out. The
impact of land use change on POAs covered by primary vegetation of rainforests is very high,
mainly in low and medium rainforests (Table 1). As in the case of temperate forests, the secondary
vegetation of rainforests registers an increase; however, not so high as to balance the loss of this
land use.

The total area of terrestrial PNAs amounts to 21 372 350 ha (CONANP, 2019), of which
approximately 43% (9.4 Mha) is in POAs, distributed in a wide variety of vegetation types and
with also variable restrictions of land use. The fact that most of the PNAs under the category of
Natural Monument are in POAs and more than half of the Natural Resource Protection Areas are
also under a private property status stands out (Table 2).

Table 2. Area and proportion of POAs within PNAs by category.

Management category Area in POAs (Mha)  Proportion of area in POAS (%)
Flora and Fauna Protection Areas 2.302 34.55
Natural Resource Protection Areas 2.466 54.76
Natural Monument 0.015 92.96
National Park 0.404 60.09
Biosphere Reserve 4.17 43.83
Sanctuary 0.002 39.63

Total 9.359

Estimate based on data from CONANP (2019); INEGI (2017).
POAs are closer to population centers and have greater accessibility in terms of communication

routes than socially owned areas. Therefore, they have better accessibility to markets, health and
education systems and, of course, technology and other resources.
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Figure 1 shows the distribution of the proportion of the area in POAs by its category of
marginalization in different classes of land use. It is notable that most of the forest areas in POAs
are in areas of high and very high marginalization; areas in plantations (85%), temperate forest
(59%) and arid zones (92%) stand out. In contrast, only 40% of the rainforest areas in POAs are of
high and very high marginalization.
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Figure 1. Distribution of the proportion of the area in POASs by its category of marginalization and
by selected land uses. Elaboration with data from CONAPO (2016); INEGI (2017).

It should be noted that the rainforest areas in POAs with a low level of marginalization are
concentrated in vegetation types such as low deciduous rainforests in the west of the country and
medium rainforests in Campeche and Quintana Roo.

Characteristics of privately owned areas of timber exploitation

CONAFOR (2019) indicates that there are 11 390 privately owned forest properties (POFPSs) that
have reported some type of permit request. The sample analyzed in the database reported by
Carrillo et al. (2017) consists of 7 556 POFPs (66% of the total) that have carried out some type of
timber forest exploitation. This sample considers timber forest exploitation in variable periods for
the 12 states included in the database. In some states, exploitations have been reported since 1990,
such as the states of Durango and Veracruz, while in others there is only information until after
2004. With this sample, differences were identified between the exploitations carried out on
socially owned land versus those that are carried out on privately owned land.

Timber production in POAs is quite atomized. The data reflect that privately owned properties
under timber exploitation only concentrate 9.7% of the forest area in the 12 states analyzed;
however, these properties represent 78% of the exploitation permits. The average exploitation area
per privately owned property is 102 ha, an area that contrasts with the average exploitation area in
socially owned properties, which amounts to 1 519 ha. This level of atomization forces privately
owned properties to tend to exploit, on average, 81% of the forest area they own, a figure that
contrasts with 37% of socially owned forest properties.
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The size distribution of the forest area of POFPs is very asymmetrical; the high frequency of
properties with a forest area of less than 30 ha stands out (Figure 2). The data show that 61.1% of
POFPs have a wooded area of less than 30 ha and only 7.6% have a wooded area of more than 300
ha. Small properties are occasionally integrated into property sets (PSs) for their management; the
average size of the properties is 98 ha, while the average size of the property sets amounts to 180
ha. Nevertheless, the frequency of property sets of less than 30 ha is high, the data show that 58%
of property sets have an area of less than 60 ha.
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Figure 2. Size distribution of POFPs.

The average authorized annual yield is another contrasting variable. Privately owned forest
properties (POFPs) show an average authorized annual yield of the order of 5.35 m? ha, while
socially owned forest properties (SOFPs) have an authorized yield of less than half (2.89 m? ha).
For its part, the average number of authorized annuities in POFPs is significantly lower (6.02 years)
than the average authorization in SOFPs (9.05 years), which reflects more frequent exploitations
in the former than in those of social property. Finally, a revealing fact is that if the average
authorized area is divided by the average number of years of the authorizations, the quotient
estimates the annual exploitation area. This area is 17 ha for POFPs, contrasting with the 168 ha in
SOFPs (Table 3), which reflects an average annual exploitation per property of the order of 92 m®,

Table 3. Comparison between the exploitation of socially owned land and POAs.

Total Private Social sector
Forest area (ha) 9792811 950 277 8781771
No. of properties with authorization 9690 7 556 2134
Harvest area (ha) 4 035 479 769 010 3242 169
Authorized annual volume (m®) 13480816 4115529 9 365 287
Average authorized annual yield (m® ha*) 3.34 5.35 2.89
Average harvest area per property (ha) 416 102 1519
Average authorized volume per property (m®) 1391 545 4 389
Percentage of forest area 100 9.7% 89.7%
Percentage of exploited area 41.21% 80.92% 36.92%
Percentage of authorized volume 100 30.5% 65.5%

With data from Carrillo et al. (2017).
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Taken together, these data show that POFPs have a more intensive, more frequent exploitation and
is carried out in a greater proportion of the forest area of the property than SOFPs. This indicates
that the conservation area in POFPs is more limited and that it is very difficult to achieve economies
of scale for cultivation and harvest extraction.

Regarding the type of timber forest management, approximately 40.5% of the properties indicate
a regular forest management (Silvicultural Development Method or SICODESI), 2.3% a mixed
forest management (combination of regular and irregular) and 57% an irregular management (i.e.,
Mexican Method of Forest Management). The results show that 76% of the property sets have an
irregular management, undoubtedly related to the fact that the selective system has fewer
harvesting restrictions and allows cuts in the entire area under management.

It is noteworthy that a little more than 75% of the properties under the regular management system
are in the states of Jalisco, Puebla and Veracruz. Within this system, the most used silvicultural
method is parent trees (99%), followed by clearcutting (0.36%) and successive cuts (0.2%).
Veracruz and Oaxaca are the only two states that report the use of a method of regeneration by
clearcutting (not used in property sets) and Durango that of successive cuts. It should be noted that,
under the name of regular system, it is common to observe in medium to large properties a
combination of the silvicultural method of selection with the application of thinning, especially in
the forests of the states of Durango and Chihuahua.

The annual current increase (ACI) reports show an average value of 4.34 m® ha! year?; however,
the variation is very high. The states of Chiapas, Durango and Chihuahua show lower annual
growth (ACI) with average values between 2.6-2.7 m® ha'* year?, average values between 2.8-3.5
m3 ha year in Jalisco and Michoacan and high values between 3.8-5.9 m® ha* year? in Veracruz,
Puebla, Oaxaca and Mexico. A relevant fact is that the average authorized yield (Table 3) is higher
than the estimate of the reported average ACI, a difference that reflects a slightly higher
exploitation than the growth rate, as has been reported in some studies (Cubbage et al., 2015).

The vertical integration of POFPs is very low. The data shows that 88% of producers sell their
standing wood, 10% carry out exploitation and extraction and only 2% do some transformation of
the logs. Vertical integration is closely related to scale; the properties that sell standing wood have
an average size of 86 ha, while those that sell logs have an average area of 291 ha, and those that
have transformation machinery have an average area of 560 ha. It should be noted that 98% of the
property sets sell their standing wood.

Finally, the results show that, on average, there are about 769 000 ha in POFPs under timber
exploitation of a potential of almost 9.4 Mha of forests of primary and secondary vegetation of
pine, oak, pine-oak associations located in private property; forests that could be added to
sustainable forest management.

Discussion

Traditionally, private property of the forest has been seen as a form of property in which a
sustainable resource management is more likely to be achieved because the owners regularly have
productive objectives (Conway et al., 2003), in contrast to the forms of common property that
could be subject to overexploitation, derived from the lack of organization among the users of the
resource, what is known as the tragedy of the commons (Hardin, 1968).
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However, the collective action developed by many communities for the sustainable management
of their forest resources allows the creation of socio-environmental systems that contradict this
principle by being able to self-impose restrictions on access and management of the resource in
order to achieve its sustainability, even at the expense of their personal benefits (Ostrom, 1990;
Agrawal, 2007; Bray, 2020). Hence, if the restrictions of self-government or management imposed
by the community are aligned and are of the same magnitude as those that ensure sustainable
management, there should be no difference either in the efficiency with which the resource is
managed, or in ensuring its sustainability, regardless of the form of property of the forest (Gibson
et al., 2002).

So, the only differences should be attributed to the various preferences in the management
objectives of owners or users that establish criteria for harvesting or forest structure (Tucker, 1999)
under the assumption that there are institutions and rules to enforce the restrictions on the use of
the forest (Gibson et al., 2002).

The results presented here show that POFPs are managed with an objective more linked to timber
production than to the production of other satisfiers and ecosystem services, as is the case of
SOFPs. The timber harvest in POFPs is higher per unit area and more frequent than in SOFPs;
nevertheless, whether it is efficient and sustainable remains in doubt, given that there is no evidence
of vertical integration accompanying these high production volumes, nor of a harvest volume less
than or equal to the growth volume (ACI).

These characteristics of the production in POFPs suggest little investment in efficient and
environmentally friendly harvesting systems that could ensure ecosystem conservation and a long-
term timber yield. Similarly, they suggest the probable application of management systems that are
eliminating the timber inventory, which puts at risk the permanence of optimal residual volumes
that ensure not only the highest timber production, but also a high production of ecosystem services
(Pukkala, 2016).

The problem of the rapid elimination of the adult forest inventory (degradation) is aggravated by
the characteristics of production in smallholdings and property sets, since areas of high density of
smallholdings with a permanent harvesting activity negatively impact the landscape by
concentrating large areas of forest under production and leaving few areas without harvesting
activities, increasing fragmentation and degradation (Ask and Carlsson, 2000). The immediate
effect is a decrease in ecosystem services and a decrease in long-term timber productivity.
Collective actions to identify corridors and conservation areas in these aggregates of smallholdings
can certainly contribute to reducing the negative impact of the fragmentation and degradation
generated by the forest management in smallholdings (Fischer et al., 2010) or reducing
conservation and protection costs (Canadas et al., 2016).

A practice that could contribute to promoting this collective action would be the promotion of the
exploitation through property sets with contiguous properties, which allows increasing the extent
of conservation areas and balancing the exploitation in the entire property set, in addition to
providing more economic advantages for the set of owners. A problem faced by a high percentage
of POFPs is the lack of regularization of properties (Toledo Aceves et al., 2019), which hinders the
procedures for exploitation requests, access to government support programs and the horizontal
integration of companies that may have a larger scale of production.
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A mechanism that could mitigate this problem would incorporate more POFPs into sustainable
production, would reduce the serious problem of illegal logging, which is largely concentrated in
these properties due to the relative absenteeism of their owners (Honey-Rosés 2009), and would
improve the well-being of smallholder owners, who, as has been proven in the characterization
presented, show a high level of marginalization.

The results show that only 8% of temperate forests in privately owned areas are legally exploited,
so there is a large area of temperate forests that could be incorporated into sustainable forest
management. The exploitation on a low scale makes forest management and its exploitation more
expensive, so there is undoubtedly a pending issue in the development of public policies that: 1)
encourage the partnership between POFPs or SOFPs to generate economies of scale and reduce
fixed costs (fire control, plant production, road maintenance, among others), as well as reducing
problems of fragmentation and degradation through collective actions in the definition of
conservation areas or biological corridors; 2) that reduce transaction costs when processing timber
management and exploitation programs, and strengthen investment in the forest; and 3) that
encourage the creation of productive structures that provide goods and services for the sustainable
exploitation of the forest (services of harvesting and sale of wood, supply of inputs for forest
management and harvesting, integration of associations for the collection or processing of wood in
different stages of transformation, among others) that give greater added value to production, that
reduce the costs of exploitation and improve the income of smallholder producers. Some of these
practices have proven their advantages in the management of large areas of private smallholdings
in the Nordic countries.

Conclusions

The work showed that POFPs have an important participation in timber production and represent
an important component in forest management at the national level. Nevertheless, there are
indicators that show a very intensive exploitation of forest areas under private properties, which
suggest a reduction in the volume of the inventory, landscape fragmentation and a likely
degradation of forest areas. This suggests the convenience of generating and strengthening public
policies and the collective action of producers and society in general to reduce the barriers that
prevent the incorporation of more POFPs into sustainable forest management, improve the
partnership between producers to generate economies of scale and mitigate the effects of forest
management through smallholdings, directly or indirectly strengthening the social, technical and
economic capacities of POFPs.
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