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ABSTRACT

Recent land cover analysis reveals significant forest recovery around the world, suggesting
that some countries may be in a forest transition. However remotely sensed imagery does not
reveal the driving causes of forest recovery, which may be due to active reforestation efforts
or natural successional processes (passive reforestation). We aimed to distinguish these two
processes in the priority temperate forests surrounding the Monarch Butterfly Biosphere
Reserve (342 773 ha) in central Mexico. We combine an analysis of remotely sensed imagery
with field interviews (n=43) to examine the mechanisms and drivers of observed forest
recovery. Our analysis of the satellite imagery revealed a net increase of 3 798 ha of forest
between 1986 and 2012, yet the rate of recovery is slowing. Our interview data revealed that
the vast majority of the recovered forests are the result of natural regrowth (passive
reforestation), and most of this regrowth is observed on degraded forests. We estimate that
between 58 and 429 ha have been recovered from active reforestation efforts in the 1986-
2012 period. We find that reduced logging and grazing pressures are important drivers of
forest recovery, while agricultural abandonment may be less influential than often believed.
Our results suggest that reforestation investments might be wisely spent supporting and
maintaining the natural resilience of forests rather than on costly reforestation programs.

Keywords: forest recovery; forest transition; land use change; Mexico; passive reforestation;
restoration

Implications for Practice

« Cost-effectiveness may be a major constraint to scaling up active reforestation, as suggested by
its small contribution to the observed forest regrowth;

* Degraded forests should be considered environmental assets in forest restoration programs,
given its significant contribution to forest recovery;
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» Whenever site, landscape and social environments allow for passive restoration, forest
restoration programs should consider supporting, facilitating or accelerating natural regrowth
instead of active reforestation.

Introduction

Forest ecosystems cover approximately one third of the planet’s land area, and harbour the
most biologically rich and genetically diverse ecosystems on Earth (Koéhl et al. 2015). While
deforestation still is one of the dominating land cover changes around the globe, recent
assessments show that the net rate of forest loss has fallen by half (Keenan et al. 2015).
Furthermore, forest cover has increased in 18 countries, including in the tropics, where
deforestation rates remain high (idem). Reduced deforestation rates are welcome news for
countries aiming to protect and restore forests. Increasingly, countries are devoting more
attention to forest restoration, as demonstrated by ambitious pledges like Brazil’s Atlantic
Forest Restoration Pact or 21 African countries’ Forest Landscape Restoration Initiative, both
under the umbrella of the broader Bonn Challenge Restoration Initiative (Verdone & Seidl
2017). These efforts are regarded as key mitigation measures to address climate change and
improve rural livelihoods.

Considerable resources are being invested or pledged toward forest recovery. For
example, in 2011, the European Investment Bank approved EUR 1.3 billion in loans to
finance reforestation projects around the world (EIB 2012). India’s recently pledged USD 6
billion in reforestation and its massive afforestation project of almost 50 million planted trees
in a day made global headlines (Howard 2016). Reforestation projects are popular with
political leaders because they can be easily communicated to the public and promise tangible
outcomes. They are feel-good programs that may garner strong public support due to a clear
link between the donation and the activity that will take place. For these same reasons, non-

profit organisations and global corporations often support reforestation programs.



Remote sensing data and satellite imagery can help us identify when and where
forests are recovered (Van Den Hoek et al. 2014; Walsh et al. 2008). Yet understanding why
and how these areas recover remains elusive (Chazdon 2008). The precise mechanisms and
processes that explain why these forests are coming back are poorly understood and contested.
To begin with, few studies explicitly distinguish between active reforestation and passive
restoration (FAO 2013). Studies focus either on the drivers and impacts of natural
successional processes (Aide et al. 2013; Sitzia et al. 2010) or the impact and success rates of
active reforestation programs, such as human-induced plantations (Payn et al. 2015; Trac et al.
2007). In this paper, we use the term passive restoration, passive reforestation and natural
regrowth to refer to forested areas recovered as a result of successional processes and active
reforestation to describe forests recovered through tree planting.

Researchers have proposed various hypotheses to explain global trends in forest
recovery. Biophysical factors such as climate, elevation, soil and slope tend to be associated
with the probability and speed of forest regrowth (Aide et al. 2013; Bonilla-Moheno et al.
2012; Yackulic et al. 2011), but these factors are difficult to control through policy. Crk and
colleagues (2009) suggest that natural regrowth may be dependent both on biophysical and
socio-economic conditions. In this regard, agricultural abandonment is the most frequently
cited socio-economic driver of natural forest regrowth, and generally occurs on lands with
low productivity or in communities with widespread rural-urban migration (Aide et al. 2013;
Bonilla-Moheno et al. 2012; Crk et al. 2009; Lamb et al. 2005; L6pez et al. 2006; Rudel et al.
2005; Yackulic et al. 2011).

Forest transition theory predicts that forest regrowth will be observed on abandoned
lands when countries industrialize and employment opportunities in urban centres attract
farmers who abandon their agricultural fields for non-farm jobs (Barbier et al. 2010; Mather

1992; Meyfroidt & Lambin 2011). Yet while forest transition theory is well established in



developed countries, such as the United States, it remains unclear if and how tropical
countries might go through the same process. A study of eleven developing countries
undergoing a forest transition suggests that the observed increase in forest cover in six of
these countries has been offset by land-use change and wood imports from other countries
(Meyfroidt et al. 2010). Focusing on Jamaica alone, (Timms et al. 2013) argue that Jamaica is
experiencing a forest transition, not as a result of an industrializing economy, but of
exogenous international policies that are decimating its agricultural sector and generating
poverty and rural abandonment.

The existence of forest transitions and the analysis of its drivers and consequences is a
policy relevant question for tropical countries, with implications for local development,
biodiversity and climate policies. For example, a forest transition would imply a positive
trending baseline for forest cover, suggesting that forests would be recovered through
structural changes in the economy, regardless of any specific restoration policy. The financial
implication of a positive baseline would be a reduced level of potential international
payments for Reduced Emissions from Deforestation and Forest Degradation (REDD), but
also an increase in a country’s ability to minimize the level of greenhouse emissions in the
land-use sector and to meet its Intended Nationally Determined Contributions to the
UNFCCC.

In many respects, one would expect Mexico to be the ideal place in which to observe
a forest transition (Klooster 2003). In comparison to other tropical countries, Mexico is well
developed and has a strong economy. Satellite data shows us that fifty per cent of Mexico’s
forests are secondary (Hansen et al. 2013), suggesting that substantial forest recovery may be
underway. However, forest transition theory in Mexico is complicated and confounded by
several processes occurring simultaneously. For example, in the southern states of Mexico,

the expansion of agricultural and cattle ranching activities co-exists with forest recovery



driven by reduced agricultural activities or out-migration (Vaca et al. 2012). Similarly, a case
study in the Patzcuaro region of central Mexico suggests an uneven forest transition. These
communities clearly shifted their income sources away from agriculture, and at the time of
the study, only 3% of households relied on agriculture as their main economic activity
(Klooster 2003). Instead, most households received their income from craft production, petty
commerce, sporadic wage labor and remittances. While farming had become secondary in
nature, forest degradation continued, in part due to fuel wood collection to fire the kilns to
make pottery and crafts sold to tourists.

Aside from forest transitions theory, scholars have examined other factors that may
explain forest recovery, including drivers that may explain active reforestation. Dependence
on forest products (Le et al. 2012; Nagendra 2007), population density (Aide et al. 2013;
Nagendra 2007; Yackulic et al. 2011), and tenure regulations (Nagendra 2007) have been
used to explain the success of active reforestation measures. Yet studies that examine and
compare the relative contribution of passive restoration versus active reforestation are rare
(Meyfroidt & Lambin 2011) but crucial to design practical and cost-effective policies.
Understanding the driving forces behind both can help to prioritize investments, increase
impact, improve efficiency and save valuable resources. If an area is already experiencing
natural forest regrowth due to successional processes, this would indicate to conservation

managers how restoration funds might be most wisely used.

Focusing in the region surrounding the Monarch Butterfly Biosphere Reserve in
central Mexico, this research has four aims: (1) to quantify the percentage of observed forest
recovery that can be attributed to either active reforestation or passive restoration; (2) to
identify the main drivers of the respective forest recovery processes; (3) to explain how these
drivers influence active and natural recovery outcomes and (4) to provide some insight on the

question of forest transitions.



Methods

The Monarch Butterfly Biosphere Reserve

We examined the dynamics of forest recovery in the region of the Monarch Butterfly
Biosphere Reserve (MBBR) in central Mexico. The forests of the MBBR are biologically
significant because they provide a unique habitat for one of the world’s most fascinating and
widely studied migratory insects, the monarch butterfly (Danaus plexippus Linn.) (Brower
1996). The forests of the monarch butterfly were first protected in 1980, with subsequent
revisions of the protected area boundaries in 1986 and 2000. Most of the forests in the
protected area are collectively owned and managed by ejidos or indigenous communities,
with the exception of a few private and federal and state properties (Navarrete et al. 2011).
The protected area imposes management restrictions limiting forest uses and extraction
volumes (Honey-Rosés et al. 2009).

Existing studies on forest cover in the region focus on forest loss and degradation
(Brower et al. 2002; Ramirez et al 2003; Vidal et al. 2014) often in connection with legal
timber harvests (Navarrete et al. 2011) or illegal extraction (Honey-Rosés 2009). Other
studies examine the effectiveness of the protected area, community institutions, or
government programs in maintaining forest cover (Honey-Rosés et al. 2011; Nagendra 2008;
Tucker 2004), but studies focusing exclusively on forest recovery are absent.

As elsewnhere in the tropics, we observe a measurable increase in forest cover in our
study area. Yet it is unclear if this forest recovery is the result of active reforestation
programs or passive restoration. The MBBR receives considerable funding from international
and national organisations to develop reforestation programs (Venegas Pérez et al. 2011).
Between 2002 and 2010, the region received an influx of USD $9.2 million for reforestation
programs (SEMARNAT 2011). This calculation does not include donations and grants

channelled through international non-profits or foundations such as the World Wildlife Fund
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(WWE) or the Monarch Butterfly Fund (MBF) which would be in addition, since both

organizations have active reforestation programs

Data collection and analysis

We examined forest recovery at three scales: the regional, municipal and plot-level. The
regional level consists of the entire protected area and the surrounding municipalities (N=24)
encompassing 342 773 ha (Figure 1). At this scale, we analyzed trends in forest recovery with
visually interpreted Landsat images from 1986 to 2012 (Ramirez et al. 2006; Ramirez et al.
2015). We categorized land uses and canopy coverage to identify degraded or recovered
forests. In this region of Mexico, remote sensing classifications correlate well with a range of
measures including basal area, tree density, canopy cover and tree height (Lomeli Jiménez et
al. 2017).

We identified sites in which forest had been recovered in six time periods, two prior
to the revision of the protected area boundaries in 2000 (1986-1993 & 1993-2000) and four
periods post-protection (2000-2003; 2003-2006; 2006-2009; 2009-2012). The high temporal
resolution allows us to identify with greater precision when the forest recovery took place and
provides historic land use information. We used land cover maps generated using a
systematic method based on visual interpretation (FAO 1996) of multiresolution imagery and
high-resolution photographs, as well as field validation of imagery observations (Ramirez et
al. 2007). We used Landsat TM (1986, 1993) and ETM + imagery (2000, 2003, 2006, 2009,
2012), all path/row 27/46-47, 28.5 m resolution and from the dry season (January to March).
Each delineated polygon was simultaneously verified using 1-2 m resolution digital aerial
photographs (1983, 1994, 1999, 2001 and 2003) and high-resolution imagery (lkonos 2004,
Aster 2006, SPOT 2009 and 2012, and GeoEye 2010). We carried out on-screen visual
interpretation using different versions of ESRI software (ArcView and ArcGIS) for each map
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in our series at the interpretation scale of of 1:40 000, with a minimum mapping unit of 0.8 ha
(>9 Landsat pixels).

We categorized areas as recovered forests when the sites became forests from non-
forest land covers (grassland, crops, orchards and barren ground) or when secondary shrubs
and degraded forests gained canopy density (canopy cover 40-70%, and >70%, respectively).
Forest recovery detected in a specific period may have been the result of a recovery process
that started few years earlier. The two primary tree species of the region, Pinus pseudostrobus
and Abies religiosa, benefit from canopy gaps and may reach a height of 3-7 m in only five
years (Espinosa 2006, Lara-Gonzalez et al. 2009, Gonzélez Méndez et al. 2016), creating a

canopy cover identified as forest in remotely sensed images.

Plot Selection for Interviews

Our examination identified 550 recovered forest plots in the study region, making it
excessively arduous to obtain qualitative interview data for every plot. We therefore chose to
focus our field interviews on four municipalities: Angangueo, Aporo, Senguio and Maravatio,
which collectively included 146 plots of recovered forests. We aimed to select a balanced and
representative set of municipalities with land inside and outside the protected area (Figure 1).
By examining forest plots in a diverse range of municipalities, we aimed to select a broader
range of ecosystem types, elevations and status of ecological protection that may be more
representative of forest recovery in similar ecosystems throughout Mexico.

We categorized the 146 reforested plots in our municipal study area according to three
features: size (small < 10 ha; medium 10-30 ha; large > 30 ha), prior land-use
(agriculture/pastures; degraded forest) and ownership type (communal; private property). We
selected 15 recovered forest plots per municipality (60 total) aiming for a representative

sample according to size, prior land-use and ownership type. This selection strategy allowed



us to target a balanced subset of recovered forest plots. We produced maps of each selected

forest plot to orient our field-work, and provide a visual aid during the interviews.

Interview Procedure

We conducted 43 interviews with forest plot owners from 23 communities in the four selected
municipalities between May and June 2016 (Maurer 2016). We also interviewed six individuals
from government institutions and non-profit organisations. With the recovered plots being our
unit of analysis, our primary selection criteria for interviewees was their knowledge and
connection to each individual plot. The interviews allowed us to assess 44 reforested plots

covering 789.5 ha, or 45% of the recovered forests in the four selected municipalities.

We aimed to speak with individuals who owned or managed the selected forest plots,
or who were sufficiently knowledgeable about the area to describe the dynamics of forest
recovery. To establish local contact, we first visited municipal officials to obtain contact
information for elected community leaders (comisarios) and other community officials. After
this, we presented the project’s intention and scope to the current community leaders to
establish trust and request permission to conduct interviews. When available, we compared
our maps to the ejidal property plan to accurately identify the owner or stewardship of the
selected plot at the time of recovery. Even though forests are usually owned and managed
collectively, some individuals held the rights to cultivate agricultural parcels within the
community forest. In these cases, we aimed to interview the individual land managers or their
relatives. Additionally, we visited recovered plots when possible.

We conducted semi-structured interviews in Spanish that asked about (i) the dynamics
of forest recovery i.e. if it was active reforestation or natural regrowth (ii) drivers influencing
respective recovery type, (iii) prior land uses, (iv) availability of and interest in reforestation

programs, and (v) economic, productive and social changes of the last three decades. We



requested consent to conduct the interviews, and they were recorded (when permitted),
transcribed, translated, coded and analysed. The interviews were coded by one author to
avoid discrepancies between several coders. The codes responded to the initial cause of
deforestation, the primary reason for forest recovery, and the underlying causes of forest
recovery, which included several tiers of sub-codes encompassing a total of 35 codes and
sub-codes. We classified plots by size and prior land-use agricultural plot or (b) degraded
forest; and then further by forest recovery type (1) active reforestation, (2) passive

reforestation and (3) mix of active and passive reforestation.

Quantitative Analysis

We examined correlations between our primary outcome variable of interest, forest recovery
type and plot area, prior land use, and the described drivers of reforestation. We performed an
Analysis of the Variances (ANOVA) to test for statistical significance between reforestation
types. We also used an ordinal logit regression model to understand the relationship between
the reforestation type (active reforestation, mixed and passive reforestation) and the
explanatory variables (plot size, protection status (core, buffer and outside) and prior land use
(agriculture, barren degraded forest, degraded forest + grazing, degraded forest + fire, and
fire)). We used an ordinal logit model because there is a clear sequence in the three
reforestation outcomes (active, mixed and passive). The model outputs use the buffer zone
and agricultural areas as the reference conditions. Lastly, we estimated how much of the
observed forest recovery in our regional study area was likely to be the result of active

reforestation.



Results

Quantification of active reforestation and natural regrowth

The analysis of the satellite images reveals a gross increase of forest cover of 5 673 ha
between 1986 and 2012 within the regional study area. Since some recovered areas are lost
during the study period, we observe a net forest recovery of 3 798 ha during this period. In
net terms, this is a recovery of 1.1% over the 26-year period. The four municipalities
examined with qualitative interviews account for 30.6% (1 736 ha) of the gross forest
recovery. An overwhelming majority of the forest recovery 81% (4 593 ha) occurred in the
two early periods pre-2000, while only 19% (1 078 ha) of forests were recovered post-2000.
Our sampled municipalities show an even clearer distinction between pre and post 2000
recovery, with 89% (1 549 ha) of the reforested areas from 1986 to 2000 and only 11% (186
ha) between 2000 and 2012.

Our interviews revealed that 71.7% of the surveyed forest area (28 of 44 plots)
recovered due to natural successional processes, as opposed to active reforestation (Table 1).
They also revealed that 10 forest plots recovered due to a combination of active reforestation
and natural regrowth. This mix of active reforestation plus natural regrowth was attributed to
several medium and large plots (>10 ha) that varied in terrain characteristics such as slope,
soil and accessibility (Maurer, 2016). Accounting for 24.5% of the assessed forest growth, the
category of mixed plots is significant. Finally, only 6 of the 44 sampled plots were recovered
due to active reforestation efforts. These sites were small, with an average size of five
hectares per plot. We find active reforestation only accounts for 3.8% of the total increase in
forest area within the surveyed plots.

Several patterns emerge when analysing the characteristics of recovered forest plots.
Active reforestation is only observed on small plots (<10 ha), while natural forest regrowth

occurs on plots of all sizes (Figure 2). Actively reforested plots were small, ranging from 1.9
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to 8.9 ha, with a mean of 5 ha. In contrast, areas of natural regrowth were considerably larger,

ranging from 3.8 to 132 ha with a mean of 20.2 ha.

Estimated regional forest regrowth

We estimate the number of hectares that may have been recovered due to active reforestation
programs for the region by extrapolating the observed pattern from our sample. We did not
observe any active reforestation on plots larger than 10 ha (Figure 2). This is consistent with
the logistical and physical difficulties of reforesting large areas. Therefore we assume that
only forest plots smaller than 10 ha are likely to have been actively reforested. For the region,
we estimate that active reforestation may have contributed to the recovery of between 58 ha
and 429 ha from 1986 and 2012. The range is determined by how much of the “mixed”
category is attributed to active reforestation, with the upper estimate assuming that all the
“mixed” plots were due to active reforestation programs and the lower bound only using the

proportion of plots that were clearly the result of active reforestation.

Prior land use

Examining the prior land use of the recovered forest plots revealed notable patterns (Figure 3).
We observe that natural regrowth is observed on all land use categories except for barren
lands. Most notably, forest plots with natural regrowth overwhelmingly come from degraded
forests. This is unsurprising since we would expect tree growth and canopy closure to be
observed on thinned or degraded forests.

The mixed category describes areas where we find some evidence of active
reforestation efforts, but that it is likely that natural recovery played a role as well. In this

category, the dominant prior land use was some combination of degraded forests and former
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agricultural lands. Active reforestation sites are predominately on former agricultural lands,

with only a small part on degraded forests.

ANOVA and Ordinal Logit Regression

While there appear to be patterns between reforestation type, size and prior land use, these
relationships are not strong enough to be statistically significant in most of the statistical
models we ran. The ANOVA model relating reforestation type, plot size and prior land use
did not find statistically significant relationships. This is probably explained by the small
number of observations in the active reforestation group (6), and the number of plots
recovered due to natural forest regrowth that were also small (13). In short, active
reforestation plots tend to be small, but this may also be true with forest plots recovered by
natural processes. Similarly, the ordinal logit regression model produced statistically
significant results only for the coefficient degraded forests while the remaining variables
were not found to be significant (Table 2). The absence of significance does not mean that

these relationships do not exist, but may be explained by the limited number of observations.

Reported drivers of forest recovery

The interviews revealed four main drivers of forest recovery: agricultural abandonment,
reduced grazing activities, reduced logging, and post-fire recovery (Table 3). Interviewees
frequently noted other factors such as urban to rural migration, which we included as part of
agricultural abandonment. This categorization merely aims to summarize the primary drivers
as described by the land-owners, not necessarily encompass all factors that contributed to

forest recovery.
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The interviews provided information that cannot be captured through remotely sensed
imagery that helps explain forest recovery. For example, interviewees noted that forest
recovery in degraded forests might be the result of three different processes: reduced logging
pressure, reduced grazing pressure or post-fire recovery. Land-owners reported that
agricultural abandonment contributed to the recovery of 209.3 ha or 26.5% of the forest
regrowth in the surveyed plots. This includes secondary causes for agricultural abandonment,
such as migration, which accounted for 77 ha, according to our interviews. A decrease in
grazing and logging pressures led to the regrowth of 195 ha and 164 ha of degraded forests
respectively, accounting for 25% and 21% of the canopy increase in our examined plots. The
occurrence of forest fires accelerated a recovery of 184.4 ha contributing 23% to the detected
forest regrowth among surveyed plots. In the following sections, we describe the findings

from the interviews in more detail and organize the discussion by the two main reforestation

types.

Natural regrowth

Interviews reveal that forest owners are acutely aware of the forest’s capacity to recover
though successional processes. The interviewees did not seem to attribute any natural
regrowth to the establishment of the protected area. Rather, the interviewees suggested that
new agricultural practices that began in the late 1980s contributed to the acceleration of
natural forest regrowth. In some areas, agro machinery replaced traditional and animal
powered ploughs which led to a decrease in livestock per capita. For safety reasons, and to
save labour costs, the remaining livestock were kept in permanent enclosures, which allowed
forests to recover where pastoral activities previously inhibited successional processes. Most
individuals interviewed (41 of 43) reported migratory tendencies to have been strongest from
the mid-1980s until 2000. Driven by lack of economic opportunities, many residents migrated
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from central Mexico to other parts of the country or the United States (Garcia & Ortega 2015).
Furthermore, by the early 1990s many communities observed a significant decrease of legal
timber harvesting. “The extraction [of wood] stopped because there was barely anything left”,
noted one municipal official.

Several individuals described how successional processes are especially fast and
strong following forest fires. Interviewees from the communities of Hervidero y Plancha,
Aporo, Arroyo Seco and Tupataro recalled cases where fires had destroyed forests but these
areas recovered quickly. Hervidero y Plancha and Arroyo Seco both took active reforestation
measures after the forest fires to assist recovery but locals stated that the natural regrowth far

exceeded the growth of planted trees.

Active reforestation

We found that forest landowners were motivated to participate in reforestation programs, but
also encouraged to reforest by programs, laws, regulations, or the expected financial returns
from forest products. The potential of forests to generate income was considered an important
driver in the decision to reforest degraded forest plots or reconvert agricultural parcels. Many
landowners interviewed rely on subsistence agriculture and have limited sources of income.
The low productivity of the land and high fertilizer costs often render the cultivation of corn
and other crops unviable. As a result, the conversion of agricultural fields into forests
becomes attractive. One farmer from Senguio stated: “people don’t want to cultivate their
plots anymore. It is not worth the effort and investment. They reforest it to have at least some
benefit from it”.

While poor economic returns to agriculture seemed to be a strong motivation to
reforest, we only encountered three instances where plot owners reconverted agricultural

lands to forest. In part, this may be explained by community rules that provide a disincentive
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to reforest an agricultural plot. In most communities in Mexico, households have full control
over agricultural parcels, while forested areas are managed collectively (Klooster 2003),
thereby providing an incentive to maintain the plot as agriculture, unless a specific
arrangement can be made with the community when the lands are converted back to forests.
The remaining cases where active reforestation on former agricultural land had taken place
were explained by a serious illness, death or permanent migration, in which case the
community decided to reforest.

Those interviewed also expressed concern about the success of active reforestation
programs, especially in comparison to natural regrowth. Forty of 43 plot owners perceived
natural regrowth to be superior to active reforestation in terms of speed, survival rate and
overall strength. Interviewees estimated that only 30-50% of planted saplings survived due to
poor planting techniques, inappropriate timing or site location. In contrast, interviewees cited
that the acclimation to soil and climate conditions as the fundamental advantage of natural
regrowth. With seed availability as the crucial prerequisite, interviewees reported that
successional processes were found to take over rapidly on former agricultural plots and
degraded forests alike.

Those interviewed suggested that a major generational turnover is expected in the
near future. Plot cultivation was mostly carried out by farmers of advanced age (>60) who
had worked their lands their entire lives. The abandonment of subsistence agriculture by the
youth was a reoccurring theme amongst those interviewed. Youth are more likely to seek
opportunities and employment in urban areas. Yet while most migrants are young, as non-
land owners without ejido rights, their migration might not directly affect land or forest use.
The impact of this migration as a driver for active reforestation becomes apparent in the land

owner’s decision process Whether or not to reforest. The investment of money and labour into
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the active reforestation of one’s parcel appears useless if the next generation is not staying to
benefit from the forest. Many elderly landowners therefore chose not to reforest their lands.

Most active reforestation efforts are driven by reforestation programs. A multitude of
governmental and private organisations engage communities in active reforestation programs
in and around the MBBR, the most important being the MBBR itself, broader governmental
programs through CONAFOR and COFOM, and organisations as the WWF and the Monarch
Butterfly Fund. While communities located in proximity to the MBBR have access to
multiple reforestation programs, communities further from the MBBR, especially in
Maravatio have difficulty entering into official reforestation programs. Without access to a
reforestation program, that will at least provide trees and potentially cover labour costs of
planting, communities cannot afford to reforest.

Laws and regulations also may influence communities’ decisions to reforest.
Communities may aim to meet specific annual reforestation quotas demanded by their own
ejidal constitution, the national forestry law or a specific reforestation program which they
entered. As a result, active reforestation is driven by the need to satisfy planting quotas, with
little genuine interest in the reforestation outcome. The coordination between the different
reforestation programs is poor, resulting in communities entering simultaneously in several
programs and having to satisfy unrealistically high quotas. While the quotas were initially
created to offset the effect of logging and to promote sustainable forest growth, these
reforestation quotas are increasingly hindering conservation goals. A COFOM official noted:
“many ejidos simply don’t have enough space to plant the trees they are given”, which
oftentimes results in careless planting or even dumping of trees. In this regard, an interviewee
in Senguio emphasised: “I have seen guys that plant 5 or 6 little trees in one hole. Of course

they all died.”
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Discussion

Over the past two decades, the temperate forests surrounding the Monarch Butterfly
Biosphere Reserve in central Mexico have shown ecological resilience. Yet the speed of
forest recovery is slowing down. The overwhelming majority of the observed forest recovery
was observed in the pre-2000 period, contradicting what one might expect from a forest
transition theory. Our results suggest that forest transitions are uneven and unbalanced.

As elsewhere around the world, the secondary forest growth we observe is a
combination of both active and passive reforestation. After systematically reviewing three
decades of forest recovery data, we find that plot size and prior land-use are useful indicators
to help distinguish active and passive reforestation. Large plots are more likely to be the
result of passive restoration, while active reforestation was observed on accessible plots of
relative small size (<10 ha) that were mostly former agricultural parcels.

We observe most forest recovery on degraded forest, not on abandoned agricultural
lands. This contradicts the dominant narrative in the region, and often in the literature, in
which agricultural abandonment is described as the primary driver of forest recovery
(Bonilla-Moheno et al. 2012; Crk et al. 2009). Nevertheless, our interviews with forest
owners suggest that many hold onto the idea that agricultural abandonment is driving forest
recovery. Given the generational changes and growing disinterest in the pursuit of
subsistence agriculture, agricultural abandonment can potentially gain importance in the near
future, but focusing on reforesting agricultural lands remains questionable if the greatest
potential for recovered forests is on degraded forests. It is also notable that no reforestation is
observed on barren lands. The absence of active or passive reforestation on these sites
suggests that carefully conceptualized efforts might be well targeted there.

We are unable to provide any conclusive evidence about the impact of migration on

forest recovery. Forest owners cited migration as an important factor driving agricultural
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abandonment in general, but could only identify eight specific plots, or only 77 ha, in which
the recovery of a forest plot could specifically be attributed to migration. The intensification
of outward migration coincides with the period of highest forest recovery rates, which
suggests that migration is an important driver of natural regrowth. On the other hand, those
most likely to migrate are landless farmers or comuneros, without political rights or rights to
forest resources. Therefore, who migrates matters, and the migration of the landless may not
alter successional processes if the forest users still remain. Nevertheless, it cannot be ruled
out that migration of landless residents contributes to forest recovery, if their absence relieves
pressure on forest resources. A more careful analysis of the relationship between migration,
agricultural abandonment and forest recovery would be particularly useful.

In addition, our results suggest a need to re-examine fire dynamics in our study area,
where misconceptions remain about the role of fire in the temperate ecosystem (Martinez-
Torres et al. 2016). We find substantial recovery over large areas recovering from a fire event.
While formally, recovery in post-fire areas is a fundamentally different process than recovery
in agricultural areas, we feel it is important to study this process separately. Natural conifer
regrowth on sites that experienced high-severity fire is generally abundant, suggesting that
post-fire active reforestation measures might be unnecessary (Donato et al. 2006).

While we did not set out to examine the effectiveness of reforestation programs, our
results are discouraging for reforestation efforts. The reforestation programs in the region
share many features of large conservation programs, which tend to be overly ambitious,
poorly designed or neglect to consider the long-term pressures or local development
aspirations (Sayer et al. 2008). And despite the poor reputation of active restoration programs
among forest communities, this appears to do little to limit the popularity of reforestation
programs among land-owners and institutional funders. Each interviewee reported the

presence of active reforestation programs within their community. The importance of
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distinguishing between reforestation effort and reforestation success becomes more evident
when reviewing official reforestation data. The National Forestry Commission (CONAFOR)
and the Forestry Commission of Michoacan (COFOM) estimate their impact by assuming a
relationship between the number of planted trees and surface area. This estimate is based on
the number of trees that are supplied to communities within a year, yet officials recognize
that no follow-up measures are in place.

The large proportion of forests recovered through successional processes indicates
that temperate forests in high elevation tropical latitudes are resilient and can recover quickly.
Yet counter-intuitively, this encouraging result may not be well received by policy makers
and reforestation advocates if it highlights the relative difficulties of mimicking natural
succession through active reforestation programs.

From the perspective of national forest officials, one can understand why more
attention and research is focused on forest loss, rather than forest recovery. Countries have a
disincentive to quantify forest recovery or recognize that they are in a forest transition, since
they may not receive as many benefits from REDD for recovered forests as possibly
envisaged. Countries that acknowledge that they are in a forest transition, and that natural
forest recovery is the dominant process by which forests are being recovered, risk losing a
share of international aid money to support their reforestation and conservation programs.
Looking ahead, new climate conditions will influence both the rates of forest recovery and
land use decisions by farmers.

Finally, our results invite us to reflect on the relative impact of our existing
reforestation efforts. Since the vast majority of forest recovery can be attributed to natural
regrowth, this raises questions about the cost-effectiveness of active reforestation programs as
they are currently designed. Our findings are consistent with those who argue for the need to

evaluate whether ecological restoration attempts are warranted (Johnson et al. 2017) and we
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concur with recent calls for forest landscape restoration that harnesses the potential of natural
processes to achieve ambitious restoration targets (Chazdon & Guariguata, 2016). Forest
restoration programs might consider supporting, facilitating or accelerating natural regrowth
instead of planting new seedlings. In addition, successful restoration will be the result of
collaboration with local landowners to develop management programs that provide them with
financial and livelihood incentives to maintain a healthy and diverse forest. Active
reforestation is certainly justified in many instances, but the site conditions should be
evaluated carefully. Using our knowledge about the drivers of natural regrowth may help
design policy measures that may leverage existing forest resilience so that recovery can reach

its full potential.
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Table 1 Sampled forest plots by time period and recovery type in hectares (n plots).

Natural Active Mix Total
Regrowth ~ Reforestation
1986 - 1993 431.4 - 121.2 552.6
(12) )
1993 — 2000 93.7 23.6 45.9 163.2
(12) (4) )
2000 - 2003 20.3 - - 20.3
(1)
2003 - 2006 11.8 4.4 26.3 42.5
(1) (1) ©)
2006 - 2009 8.9 2 - 10.9
(2) 1)
Total (ha) 566.1 30 193.4 789.5
(n) (28) (6 (10)

% 71.7 3.8 24.5 100




Table 2 Results from the ordinal logistic model for reforestation type: passive, mixed and active

Explanatory Variable Coefficient Std. Error p value
Plot size 0.03 0.03 0.262
Protection status (reference condition: buffer)
core 1.29 1.99 0.517
outside 0.33 1.10 0.761
Prior land use (reference condition: agriculture)
barren -0.86 1.72 0.617
degraded*** 19.47 1.22e-07 0.000
degraded forest and agriculture -0.37 0.96 0.701
degraded forest and grazing 1.94 1.28 0.128
forest fire -0.36 1.26 0.776
Intercepts
active|mixed -0.62 1.05 0.558
mixed|passive 1.09 1.05 0.302
Residual Deviance 57.16
AIC 77.16
***p<0.005
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Table 3 Forest Recovery Type by Driver in hectares (n plots)

Agricultural Reduced Reduced Post-fire
Abandonment Grazing Logging recovery Unidentified
Passive 53.8 195 164.3 148.5 4.5
Reforestation (6) @) (11) 3 (D)
Active 28 2
Reforestation (5) (1)
Mixed 127.5 33.9 32
(6) ) )
Total (ha) 209.3 195 164.3 184.4 36.5
(n) 17) ) (11) (6) ®)

% 26.5 24.7 20.8 234 4.6
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Figure 1. The study area examined the region surrounding the Monarch Butterfly Biosphere
Reserve in central Mexico. The figure identifies the sampled municipalities and the forest plots

with regrowth in the period 1986-2012.
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