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Abstract*
Conservation and development agendas often are seen as in contradiction and, in the past,
most forest policy was driven by only one such agenda. Yet leading conservation policies
such as protected areas (PAs) increasingly are understood to vary in how development
considerations are integrated, within PA types, given the starting point of conservation.
Similarly, development policies such as logging concessions can integrate conservation.
Sustainable forest management pushes integration from a starting point of development.
One of the most visible initiatives of this type is the certification of logging concessions −
such as by the Forest Stewardship Council (FSC) − to reduce various impacts of logging.
The cost of sustainable management may lead a firm not to certify any given concession,
yet the potential benefits could lead firms to voluntarily certify at least some concessions
(including as perhaps firms could benefit from strategies that raise forest loss elsewhere).
Our empirical analyses of two countries, Peru and Cameroon, aid in understanding what
actually has happened in certified sites for the relatively 'early days' of such certifications.
We control for unobserved factors' influences over space and time, without which impact
− sometimes perverse − is mistakenly attributed to FSC certification (FSCC). For Peru,
we see no average FSCC deforestation impact in our study area (almost all concessions).
One region, Madre de Dios, has an average reduction of 0.07% per year. For Cameroon,
we find a small average FSCC deforestation impact of 0.02% per year in our study area
(all concessions), though in four of five regions there is no statistically significant effect.
We suggest that, as available data improve, more impact may be seen in some conditions.
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1. Introduction
Globally, forests face increasing pressures as the increasing human population demands not only
forest products but also other outputs, including many from agriculture, that demand conversion
of currently forested lands to other land uses. Clearing within tropical forests is driven by many
factors including illegal logging and mining, the development of infrastructure, cattle ranching,
and expansion of export-oriented industrialized agriculture (see Laurance et al., 2001; Raschio,
Contreras and Schlesinger, 2014; DeFries et al., 2010; Swenson et al. 2011; and Urrunaga et al.,
2012, e.g.). The consequences of deforestation include increased erosion, degradation of water
resources, acceleration of species extinction (Laurance et al., 1998; Laurance, 2009; Wright and
Muller-Landau, 2006) and increases in emissions of stored carbon. These have motivated a range
of policy interventions to aid in developing sustainable pathways for forests and the communities
linked to them − around the globe. Such actions have met with mixed success (Pfaff et al. 2012).
The leading forest conservation policy has been protected areas (PAs). PAs' impacts have varied
with the many ways that PAs are employed, e.g., varied siting plus very different rules that apply
within different types of PAs (see Joppa and Pfaff 2009, 2010 and Pfaff et al. 2014, 2015 a & b).
Yet a government setting land aside to rule out most or all potential production is not always the
preferred approach. Concerns with local compensation, for instance, have spurred an increase in
payments for environmental services (PES). They are offered to landowners who choose whether
to accept such contracts from the state or from other private actors, e.g., water users downstream.
Voluntary, market-based approaches also can be relevant for firms who generate forest products.
Sustainable forest management (SFM) involving environmentally responsible practices could be
incentivized by easing market access for and providing a price premium for 'green' forest goods.
As multiple-use protected areas move towards a balance of human uses and forest conservation
from a conservation default, SFM aims to do so from the production default (Auld et al., 2008).
One of the most recognizable SFM programs is certification by the Forest Stewardship Council
(FSC), started in 1993 for “environmentally appropriate, socially beneficial, and economically
viable management of the world's forests” (FSC, 2015a). By the end of 2014, a total of 1,303
FSC certificates were active across the globe, covering 183 million ha of forest (FSC, 2014).
Thus, in principle, FSCC has the potential to effect positive change in a large area of forest.
The certification premise is that third-party auditors could ensure compliance of the decisions in
certified logging concessions with all the applicable national and local laws, plus FSC principles
(FSC, 2015b). Companies can earn three types of FSC certificates: Forest Management, Chain of
Custody and Controlled Wood (FSC, 2015). While the FSC certification of logging concessions
is acknowledged by many as the “most rigorous, transparent and participatory certification”
(Hale and Held, 2011), the ability of certification to produce a verifiable, beneficial impact on
forests in reality has been the subject of much debate. Compliance, auditing and enforcement,
and measurable outcomes surely range widely (Counsell & Loraas, 2002; Nebel et al., 2005).
Considering why certification might not occur at all or be imperfect, companies must incur costs
to comply with FSC standards. Labor costs rise, as employees should be on payroll, and receive
health benefits (interviewee 5, personal communication, August 2014). Companies must invest
in security efforts for monitoring the concession, including creation of inventories and auditing.
Additionally, consultants are hired to create High Conservation Value Forests and, generally,
various costs are incurred for FSCC (interviewee 1, personal communication, August 2014).
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To consider why certification might work despite all the costs, we must consider possible gains.
Companies might see FSC certification as a way to increase their access to: markets prohibiting
illegally sourced timber; price premia; government incentives; operational efficiencies; and NGO
funding (Blackman, Raimondi, and Cubbage 2014; Breukink, Levin, and Mo 2015). The issue of
legal timber sourcing is central because the United States’ Lacey Act and the European Union’s
FLEGT Action Plan require the verification of legal origin of incoming timber (European Forest
Institute, 2014; Urrunaga, Johnson, Orbegozo, & Mulligan, 2012). Thus, were the enforcement
of such laws perfect, well-enforced certification that eliminated the outputs of illegal logging in
principle could achieve a great deal. That said, poor law enforcement could mean that in practice
companies could get the access without actually improving practices. Further, there are limits on
legal enforcement, including imperfect ability to track timber origin through markets. That might
allow illegal activities within certified lands or alongside even a production chain that is certified
(Finer, Jenkins, Sky, & Pine, 2014; Sears & Pinedo-Vasquez, 2011; Urrunaga et al., 2012).
In sum, it seems possible that certification would, in the end, improve forest outcomes. However,
it also seems possible that certification itself, and the laws that generate the gains of certification,
are too hampered by limited information to have impact. Also, perversely, it even seems possible
that certification could increase market access for illegal activities. For example, a company may
log one concession sustainably but then also use the 'FSCC label' for lands under other practices.
All these possibilities suggest the value of rigorous empirical evidence on the impacts of FSCC,
noting that the appropriate spatial focus for any such evidence depends heavily on local context.
For instance, if using FSCC labels in one location affects deforestation elsewhere, that is trickier
to measure − one form of spatial spillover to which we want to call attention but do not measure.
Our study provides solid evidence about 'early days' in FSC certification for Peru and Cameroon.
We focused only on the FSC Forest Management certificate in logging concessions. We consider
separately, in each country: do FSC Forest Management certification processes effectively imply
that yearly deforestation1 rates differ, during 2000-2013, when logging concessions are certified?
We use multiple approaches to quantify impacts − all results are consistent − but here focus upon
panel regressions for concessions, with year effects. This is the first study of which we are aware
that estimates the deforestation impacts of FSCC in Peru and Cameroon using statistical methods
aiming to reduce biases in estimates if treatment was not randomly assigned over space and time.
The rest of the paper proceeds as follows. Section 2 provides background on the forestry sectors
in Peru and Cameroon, the countries we study (note they are not the only countries using FSCC).
Section 3 then provides information concerning the data we use and the methods we employ and
next Section 4 provides our results at two levels, descriptive statistics and our panel regressions.
Finally, Section 5 discusses what we have found − including laying out some important caveats,
concerning what can and cannot currently be learned with the available data. We believe that the
approach and results we present here are contributions yet, as much as anything, set the stage for
further studies of these (and other) countries that will become possible as available data improve.
1

By deforestation, in these analyses we mean only that the forest data for a location initially show forest then, later,
show non-forest. That need not imply permanent deforestation, as certainly sometimes the forest will return in a site.
For instance, that is often the intention within plantations; however, the data record that standing forest disappeared.
Thus, perhaps especially because we are studying logging concessions, we highlight that we are measuring current
deforestation rates, not permanent, and it is very clear that during some time periods the current rate can be higher.
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2. The Forestry Sector in Peru and Cameroon
2.1 Peru
Peru’s area of tropical forest is the second largest in Latin America (Rainforest Alliance, 2014)
and the fourth largest globally (Ministerio del Ambiente, 2014). Official 2011 data indicate that
Peru has approximately 73.3 million ha of forest (Ministerio del Ambiente, 2015). The Peruvian
government estimates that the Amazon forests protect 97% of the nation's freshwater supply by
helping to regulate the quantity and quality of water (Ministerio del Ambiente & Ministerio de
Agricultura, 2011). Forests also provide valuable timber species, such as cedar and mahogany,
and multiple non-timber forest products. Peruvian Amazon forests are an important location for
biodiversity conservation (Ministerio del Ambiente & Ministerio de Agricultura, 2011) and for
social development. They are home to perhaps 1,262 indigenous communities and 53 different
ethnic groups (Ministerio del Ambiente & Ministerio de Agricultura, 2011), described as “the
poorest and most disenfranchised segment of the country’s population” (Urrunaga et al., 2012).
Peru's Forestry and Wildlife Law No. 27308 enacted in 2000 emphasized forest management. It
applied to the forestry sector in Peru during our study period (2000-13). It categorizes about 70%
of the nation’s forest patrimony (30% was uncategorized) in six groups: i) production forests, ii)
future management forests, iii) forests on protected lands, iv) Natural Protected Areas, v) forests
on native and peasant communities, and vi) local forests (Ministerio del Ambiente & Ministerio
de Agricultura, 2011; República del Perú, 2000). We focus on permanent production forests, as
they are where certified logging concessions mainly are located. Logging concessions − between
5 thousand and 40 thousand ha − are drawn up by the government and granted to concessionaires
(timber companies or individuals) under 40-year contracts. A total of 7.1 million ha, or 10% of
Peru’s forests, are designated for forestry inside logging concessions within our study area − the
regions of Madre de Dios, Loreto and Ucayali − with about 8 million ha designated nationally.
Concessionaires are required to present a general forest management plan (PGMF, in Spanish)
for each concession every five years and an annual operating plan (POA, in Spanish) every year.
These are planning documents that, at least in principle, contain detailed forest management
information. For example, a POA might state which of the subsections of a concession are to be
harvested each year, and the volumes to be extracted of each key species (Urrunaga et al., 2012).
Concessionaires can only start logging if they have received the POA approval from the forest
authority (Urrunaga et al., 2012). All of the wood extracted from concessions is legally required
to have a “Forest Transport Permit (GTF or Guía), which details among other information the
species and volume of the material and its place of origin” (Urrunaga et al., 2012). The regional
forest authority is supposed to check these documents at different points of the transport system.
However, there is evidence suggesting different types of illegal behaviors that relate to logging
concessions all along the production chain for logging output (Finer et al., 2014; Sears & PinedoVasquez, 2011; Urrunaga et al., 2012). One potential behavior is that concessionaires may not be
reporting true total extraction volumes. For instance, they might not report the volumes that they
extracted outside the concession or extracted later (Urrunaga et al., 2012). They can also falsify
the harvesting approval documents (Urrunaga et al., 2012). Other illegal activities happen when
logging outputs are being transported. Even though the GTF should contain information about
the authorized volume by species, the forest authority has no tool to verify the origin of wood it
inspects (Sears & Pinedo-Vasquez, 2011), rendering it much less of a constraint upon illegality.
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As Sears and Pinedo-Vasquez (2012) have noted: “once issued, the POA becomes a tradable
document disengaged from the registered locality. Because no one is watching, it allows loggers
to transport timber from anywhere in the region” (p. 621). The regulatory framework to date
“focuses on monitoring the product, emphasizing species and volumes, rather than processes
such as logging practices and negotiation of access to timber” (Sears & Pinedo-Vasquez, 2011).
Peru's Supervisory Body of Forest Resources & Wildlife (OSINFOR) is in charge of monitoring
the logging activities within forest concessions, through ex-post field visits (República del Perú,
2013a). The supervisor visits the PCA in the year of or the year prior to verification (República
del Perú, 2013a). Any supervisor could initiate an administrative process (PAU, in Spanish) to
investigate any irregularities or potential violations that they suspect on this basis. This could
lead to a sanction and even to the cancellation of the concession contract, depending upon the
results of the PAU (República del Perú, 2013b). Finer, Jenkins, Sky, and Pine (2014) found that
OSINFOR, however, had never actually supervised 36.3% of concessions − since their creation.
That is especially meaningful given that OSINFOR detected irregularities in the majority of the
concessions that were supervised (Finer et al., 2014). The authors found that concessions failed
to comply with the PGMF in 79.4% of the violations reported during OSINFOR’s supervisions,
including 57.8% of violations due to extraction outside the concession limits (Finer et al., 2014).
Between 2006 and 2013, 34 logging concessions achieved FSC forest management certification
in Loreto, Madre de Dios and Ucayali under this regulatory context (FSC Peru and WWF Peru).
Timber companies now operate 550,516.54 certified ha of forest under FSC forest management
certificates (FSC Peru, 2015). In Madre de Dios, FSC certification was mainly driven by NGO
and donor technical and financial support (interviewee 6 personal communication, June 2014).
The Global Forest Trade Network (GFTN), a division of the World Wildlife Fund, is active in
Peru as well, in providing timber companies with technical and strategic assistance to promote
their compliance with and thus achievement of FSC certification (World Wildlife Fund, 2015).
2.2 Cameroon
The Republic of Cameroon is located on the Central African coast. It borders countries including
Equatorial Guinea, Gabon and Nigeria (Figure 1). The population of Cameroon is 21.7 million,
with its capital of Yaoundé being home to 1,739,000 people (Central Intelligence Agency, 2014).
Timber is one of the major items among Cameroon’s exported goods, in addition to crude oil and
petroleum products, cocoa beans, and cotton (Central Intelligence Agency, 2014). In the coming
years the government of Cameroon desires to expand the mining industry for diamonds, gold and
iron (Schwartz, Hoyle & Nguiffo, 2012). The city of Douala is a major port for the exportation of
many such goods. About 90% of exported wood exits the country via Douala (Eba’a Atyi, 1998).
Development has been supported by the International Monetary Fund and World Bank (World
Bank, 2014). Yet the business atmosphere in Cameroon is not attractive to foreign investment,
due to slow economic progress, attributed to weak governance, coupled with high corruption −
now ranking 144th out of 177 countries (World Bank, 2014; Transparency International, 2013).
Surely this could prove relevant for the enforcement of regulations relevant for certification.
Cameroon established a progressive forestry policy along with the creation of the new Ministry
of Environment and Forests in 1992 − now the Ministry of Forests and Fauna − and the passage
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of the Forest Law in 1994 (Cerutti et al., 2008). The latter divided land into two broad categories,
the permanent forest estate (PFE) and the non-permanent forest estate, which are further divided
into numerous categories of land use and tenure (Cerutti et al., 2008). The government permits
resource use within the PFE but requires that the land’s natural ecosystem cover be maintained
for perpetuity (WRI, 2012). The government surpassed its target for 30% of total land area to be
placed under the PFE, reaching 35% of land, or 16.3 million ha of forest, in 2011 (WRI, 2012).
Of this, 55% is designated production forest. The remaining 45% is protected area (WRI, 2012).
Within the designated production-forest area, the areas designated for logging are 5.5 million ha
found across 103 of the 114 forest management units nationally, which are in five administrative
regions which make up our study area within the southern portion of the country (WRI, 2012).
While the government of Cameroon has claimed some success within the implementation of its
ambitious forestry policy, unfortunately illegal logging continues in Cameroon. Illegally sourced
wood has previously been estimated to account for 50% of total harvest from forests and, in fact,
government has enabled harvesting at unsustainable rates without approved management plans,
despite the fact that the legal framework opposes any such activity (Cerutti and Tacconi, 2006).
Overall, the United Nations’ Food and Agriculture Organization (FAO, 2010) estimated the loss
of forest in Cameroon to be increasing to an annual loss rate of 1.07% in the 2005-2010 period.
In light of this, major timber importers created regulations to limit their imports of illegal timber.
Following the incentives that such regulations generate, logging companies pursue certification
to satisfy both the United States Lacey Act (Rainforest Alliance, 2015) and the European Union
Timber Regulations (European Forest Institute, 2014). This led Cameroon to create a Voluntary
Partnership Agreement with the European Union in 2010. Now in the implementation phase of
FLEGT, it will soon begin issuing such licenses (European Forest Institute, 2014). Other entities
that provide certification of the legal harvesting of wood are the Bureau Veritas and the Société
Générale de Surveillance (Eba’a-Atyi, 2009). After establishing the legality of its operation, any
logging company may choose to pursue a responsible forest management certification from FSC.
Cameroon became involved with FSC in 1998, via the Cameroon Forest Certification Initiative
(FSC-Cameroon, 2010). The country’s first forest management certificate was awarded in 2005
to the company Wijma (FSC, 2014). More certifications were awarded in 2007, 2008 and 2010,
and the certificates issued in 2013 brought Cameroon’s total certified area above 1 million ha
(Global Forest Trade Network, 2014). In total, 940,000 ha were operated under FSC certificates
as of 2014 (Cerutti et al., 2014). As in Peru, GFTN is also active in Cameroon, with an estimated
20-25% of Cameroon’s logging area, including both the FSC-certified and the uncertified areas,
managed with assistance from GFTN (interviewee 7, personal communication, June 11, 2014).
As mentioned previously, the government of Cameroon intends to expand the mining industry
for the purposes of economic growth. That has led to emerging issues in land tenure, as a result
of overlaps in permits between forest management units and mining zones (Schwartz, Hoyle and
Nguiffo, 2012). At present, there are no legal provisions permitting areas of mixed land use, thus
the onus falls on the companies in question to work out agreements of facilities, transportation,
and land management (interviewee 8, personal communication, February 16, 2015). Similarly,
FSC currently lacks provisions for incorporating mining exploration projects into its auditing.
Therefore, FSC-auditing companies in Cameroon must develop their own methods for taking
into account the mining activities (interviewee 8, personal communication, February 16 2015).
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3. Data and Methods
3.1 Data
We study 2000-2013 for both Peru and Cameroon with logging concessions as units of analysis.2
We analyzed 525 concessions located in the departments of Madre de Dios, Ucayali, and Loreto
in the Peruvian Amazon, where certified concessions are found (and also where, as noted above,
the great majority of all the logging concessions are located). We also analyzed Cameroon's 114
concessions that lie in five administrative regions: South, Southwest, Littoral, East, and Center.
Using ArcMap 10.2.2, we compiled a concession-level panel data set, including forest area lost
from the Global Forest Change data (Hansen et al., 2013), as well as concession characteristics
from various sources (Table 1). Following emerging convention, we defined "forest" as a stand
with 30% or more tree cover (for Peru, 50% makes no difference). We have one observation per
year per concession, and thus 6,825 observations in Peru, with 1,482 observations in Cameroon.
3.2 Methods
FSC forest-management certification was not randomly assigned. We want to use observed site
characteristics to reduce potential biases due to where and when the FSC certification occurred.
Observables that vary across space are distances to roads, cities and processing plants (the latter
only in Cameroon) and rivers (only in Peru). We also use concession fixed effects for removing
all fixed site differences and year effects for removing time trends. We utilized data for relevant
biophysical characteristics (rain, soil) but they vary so little in our study area that we drop them.
Equation 1 is our concession panel specification with concession fixed effects, plus year effects.
We estimate the following regression for the whole study area, by country, as well as separately
for each of the five regions in Cameroon and each of the three regions in the Peruvian Amazon:
ܮ௧ ൌ ߚ0  ߚ1 ܨ௧  ߚ2 ܥ௧  ߙ  ߣ௧  ߝ௧

(1)

where Lit = the % of forest area lost in concession i in year t; Fit = 1 if concession i had an active
FSC certificate in year t; Cit = 1 if concession i active in year t; ߙ = concession fixed effects; ߣ௧
= year effects; and ߝ௧ is a random error. We clustered standard errors at the concession level.
An issue for concession data (but not pixel data) is that these units can be of very different sizes.
That raises a new question about what we want to learn: the results for the average concession or,
instead, for the average hectare in concessions? Those are the same for identical concessions but
can vary greatly if, for instance, data for many small concessions support one conclusion yet the
data for a single enormous concession supports another inference. What dominates in any single
coefficient is a function of the weighting: if weighting by area, that single concession dominates.
We have chosen to present the unweighted regressions because we believe that decisions about
certification and its implementation are taken at the concession level. Thus, we want to give the
choices at each concession equal weight. That said, such weighting does not change our results.
2

To check robustness, we also generated a large sample of forested pixels across the country, i.e., in concessions as
well as outside. These sometimes feature significant variation in site characteristics across pixels in one concession
and we utilize matching to choose a subset of uncertified pixels with characteristics most like the certified pixels. In
survival analysis, we use a variety of forms of control for time's effects. Our patterns of results are robust to all that.
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4. Results
4.1 Deforestation Rates Inside Versus Outside Concessions (& thus considering property rights)
Table 2 provides a few, simple descriptive statistics about deforestation within the two countries.
These are only descriptive − because we do not control for locations' characteristics or for time −
yet nonetheless they generate interesting questions about what might be driving these outcomes.
Table 2 shows that in both countries, the land inside logging concessions had less deforestation
than the land outside logging concessions. Depending on one's view, that may be a big surprise.
One reasonable prior for some settings, for instance, may be that the majority of tree cutting in a
country occurs in logging concessions. Table 2's observations, in contrast, could sugest that who
has the rights and responsibility for land and natural resources influences what happens to them.
From that perspective, maybe we are not surprised that, in a world of limited enforcement, areas
where private companies are present, and have a stake in local resources, could be 'invaded' less
than, for instance, public lands suffering illegal deforestation where lands are converted to crops.
Such thinking seems relevant to PA types as well (though they are outside our empirical scope).
Albers (2010) suggests that having individuals with incentives to conserve resources in protected
areas can contribute significantly to improving the enforcement within some PA settings. While
conservation organizations doubtless will not soon promote logging concessions to save forests,
as trying balance using PA types seems safer for conservation, still the enforcement perspective
alongside observations such as those in Table 2 at least highlights tradeoffs within policy types.
All that said, these statistics could represent other things, including simply a lack of information.
For instance, Table 2 considers lands as in or out of concessions for this full period (2000-2013)
though, in fact, many concessions were active for only some of the years during this time period.
Further, perhaps the kinds of lands that were placed in concessions differ from the lands outside.
Outside logging concessions, there are different types of forested lands, not only in different PA
types but also even uncategorized forests (for Peru). We want more controls for space and time.
4.2 Bringing In Observations Over Time (lands that were at some point in a logging concession)
Next we make use of the fact that our data include observations for each year, across this period,
to consider whether it actually matters when a concession was active. At the same time, we will
distinguish concessions by whether they were ever FSC certified. That too requires information
across time, since even while a concession is active, its certification could be active or inactive.
Consider, for example, the initial entries in Table 3, in the upper left for non-FSCC concessions
and in particular for Madre de Dios. They might look more like what one would have expected,
since the deforestation when the concession is active is greater than before the concession starts
(this holds for Loreto and Ucayali as well). On the other hand, it might appear as though having
functioned as a concession kicks off higher deforestation rates, since after the concession is no
longer active, the deforestation rates in all regions are higher than before the concession started.
For Madre de Dios, the deforestation is much higher even than when the concession was active.
However, stepping back, we actually need even more information about time to understand this.
For instance, it is quite possible that deforestation rates are trending up over time across all Peru.
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Should that be the case, the higher deforestation after a concession ends could reflect that rise in
pressure more than any temporal spillover of a concession. Thus, we will need to control further.
Looking at Table 4's analogous entries highlights that the relevant dynamics differ across region.
In Cameroon, while deforestation in Littoral and Center is higher for the active concession years
than before the concession was active, in Southwest the opposite is true and for East − easily the
region with the most concessions − there is no difference in deforestation across the two stages.
Here there are no post-concession observations but, again, controls for time trends will matter.
4.3 Now Adding Certification Over Time (lands that were at some point in a logging concession)
Turning back to Table 3 but bringing in its right half, we can compare to the FSCC concessions.
Once again, as noted, it matters whether the concession itself was active and if certification was.
For instance, the Ucayali region shows a range of different deforestation rates across the period.
That said, it is worth emphasizing that these are fractions of a percentage point. So, for instance,
the difference between the highest and lowest rates for Ucayali is only about a third of a percent.
One interesting comparison across the "Never FSCC" and "Ever FSCC" subsets of concessions is
what occurred before the concessions and FSCC. At that stage, FSCC and not-FSCC lands show
essentially no difference − for Peru, in Table 3, and for Cameroon, in Table 4. While we will still
want to use controls for differences in locations' characteristics when inferring impacts of FSCC,
this comparison suggests there might not be large differences between certified and other sites.
Another similarity in Peru between FSCC and non-FSCC is higher deforestation as concessions
are active. Again that may fit the typical view of the point, and impact, of any forest concession.
Yet more surprising perhaps is that looking ahead one more step in time, to when the concession
is still active and certification also has become active, the deforestation rates can be even higher.
Just as for impacts of concession status above, here we wonder if FSCC is raising deforestation.
Certainly that is not FSCC's intention, all else equal. Yet, again, maybe this is just time trends −
which may be supported by the fact that, post-FSCC, deforestation during concessions is above
the pre-FSCC deforestation during concessions. At least a reasonable conjecture is time effects.
Further, comparing the right and left halves of Table 3 suggests the opposite impact from FSCC.
Deforestation of active concessions when they are pre-FSCC is lower than it is for the non-FSCC
concessions. Perhaps even signaling a future certification may have impacts. For Madre de Dios,
deforestation is still lower when FSCC is active, given that this did not raise deforestation rates,
although the opposite is true for Ucayali. Perhaps FSCC's impacts are heterogeneous by region.
Turning back to Table 4 and bringing in its right half as well, Cameroon shows at least one very
similar story, in that FSCC becoming active seems at a glance to be raising the deforestation rate.
Once again, we will need to control for time (we have fewer post-concession information data to
spur further conjectures about time trends). This result differs across Cameroon's regions as well,
with the largest region in terms of concessions, East, not rising in deforestation for active FSCC.
Finally, for conjectures about FSCC, we should compare the right and left halves of Table 4 too.
For the first four regions listed in the table, the pre-FSCC deforestation in the active concessions
clearly is lower for the Ever FSCC (that is despite the pre-active-concession rates being similar).
Yet for the largest region, East, there is no deforestation difference for just having a concession.
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4.4 Panel Regressions (concession fixed effects for spatial biases & year effects for time biases)
Given the clear indications from the tables above that we will need to control for trends in time,
in Table 5 (for Peru) and Table 6 (for Cameroon) we present panel regressions that consider the
outcomes for each of the years during the time period we study. One excellent feature of a panel
approach is inclusion of fixed effect for each unit, i.e., each concession's propensity for clearing.
This captures the effects of any fixed characteristic − those we observe and others, unobserved −
then we use changes over time in the concessions' FSCC status to estimate the effects of FSCC.
As noted above, though, outcomes change over time not only due to changes over time in FSCC
but also due to changes over time in unobserved factors (analogous to the unobserved differences
across land units for a landscape, but in time). We want to remove all time trends from estimates.
Thus, in our panels we include not only concessions' fixed effects but also an effect for each year
(as Tables 5 and 6 include the concession and year effects, they are our preferred specifications).
This last inclusion turns out to be critical in avoiding assignments of perverse impacts to FSCC.
As Tables 5 and 6 both show, later years have higher deforestation rates in both of the countries.
Since years in which FSCC was active for a concession tended to come later in this time period,
there is a significant risk that inadequate controls for the rising time trend in deforestation could
accidentally make it appear as though the advent of active FSC certification raises deforestation
(our Appendices document that without time controls FSCC is more likely to be seen as hurting).
Considering Peru in Table 5, we see that there is no significant average impact from certification.
The same is quite robustly true for Loreto. Ucayali also is not significant (coefficient is positive).
There is negative average effect for Madre de Dios. Its magnitude is under a tenth of one percent:
we see a statistically significant reduction of 0.07% in the yearly deforestation rate due to FSCC.
For Cameroon in Table 6, the average impact upon all the concessions is statistically significant,
although for four out of the five regions we considered there is no statistically significant impact.
The East region is the only one showing any impact, a statistically significant reduction of 0.02%
(note that as East by far has the most concessions, it leads the overall coefficient to be the same).
That equals a fiftieth of one percent. As that is a reduction in yearly rate, it adds up across years,
although for now with certification still being new that still implies limited impacts for the costs,
at least when looking across the 2000-2013 period at the concession level using these forest data.
5. Discussion
We presented statistics and panel regressions using concession-level data to conclude that, at the
least for these data and this time period, we find very little deforestation impacts of certification.
This conclusion is quite robust, including for instance to weighting by the size of the concession.
We have also noted that the results from analyses of a large pixel sample, including matching for
spatial similarity and survival analysis for temporal study, are supportive of the conclusions here.
We believe that for these data, and this time period, these are good estimates. However, another
question is whether they are highly informative about all certification effects, past and future.
Before speculating about how other data and settings might sometimes yield different results,
first we would say that even for other data and settings, we think our approaches are sensible.
Thus, we hope similar focus on isolating treatment effects will continue within this literature.
Here, without attention to removing time trends, FSCC would be 'seen' to raise deforestation.
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Time trends also constitute a likely shift in setting that might also shift impact from certification.
Our results documented an increase in deforestation pressure over time, though that was on a low
base level of pressure (for instance 2000-2013 deforestation in concessions is under one percent).
While certification is far from guaranteed to effectively constrain deforestation, it will have more
potential for impacts if pressures rise over time, so that there is more deforestation to be avoided.
Shifts in impact across space also are possible. That may be suggested by the difference in effect
between two regions within Peru, Madre de Dios and Ucayali. Depending upon exactly how one
controls for time's impacts, FSC certification in Ucayali can be seen as increasing deforestation.
Controlling for time in other ways, FSCC in Madre de Dios could be seen to lower deforestation.
Yet for any of our forms of time controls, the estimated FSCC effects differ across these regions.
Thus, we might ask whether there are known differences across regions which could explain this.
One speculation, based on discussions with those more expert than us in certification, is that the
Madre de Dios area received more international attention, with greater donor and NGO support.
Should that be the case, then, like types of PAs, we might think of FSCC implementation levels.
Shifts in the available data certainly seem possible and we hope are likely. For instance in stories
of how FSCC functions, it seems clear that different companies might employ FSCC differently.
A large multinational corporation that does most of its business across international borders and
thus could be monitored and constrained by import restrictions but yet knows that monitoring is
imperfect might use one FSCC strategy, while a largely domestic small firm might use another.
FSC could collect such characteristics of FSCC settings, along with the kind of data potentially
in forest management plans such as harvest technique, volume harvested and species harvested.
Unfortunately for our study, to date for these countries any such records were quite incomplete.
Changes in forest data seem likely and would be welcome. The data we utilized are well known,
including in that they are limited, even to the level of confusing plantations with forest (Tropek
et al. 2013). Yet while data investments ideally will improve available data, consistent mapping
and monitoring of detailed forest changes across large regions will remain challenging. Thus, a
complementary change, alongside more precise data sets, could be more focus on impact areas.
For instance, likely the largest effects of better forest management will be along logging roads.
Even what is measured in the forest seems likely to change. The effects of selective logging, and
thus very likely of FSC certification, may take the form of changes in level of forest degradation.
That is a more subtle change than deforestation, yet can be absolutely critical to the provision of
ecosystem services including carbon storage and species habitat. Processes of forest degradation
may be detected using particular remote-sensing data techniques, complemented by field-based
investigations. However, at this time such tested, high-resolution data sets are not available for
these countries and generating them is well outside the (expense and time) scope of this study.
Finally, based on our descriptive statistics we speculate further on context for considering FSCC.
It is perhaps common to imagine rampant tree cutting in concessions but pristine PAs. However,
we saw in these countries that there was lower deforestation inside the concessions than outside.
While too simple an observation to permit conclusions, this suggested consideration of the roles
of property rights, private incentives, and enforcement presence for outcomes on forest frontiers.
In the extreme, one might imagine that illegal logging in a poorly enforced PA, without any local
incentivized presence, could be higher than at least sustainably managed logging in a concession.
In the big picture, such juxtapositions suggest a consideration of variations on any type of policy.
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Table 1. Description of variables used in panel data analysis
Unit

Source

Outcome: % forest area lost in year t %

Hansen et al. (2013) Global Forest Change data

Treated: FSC = 1 if active in year t

0,1

FSC Peru, WWF Peru, MINAG, FSC

Concession = 1 if active in year t

0,1

WRI, MINAM, MINAG, OSINFOR, WWF Peru

Distance to nearest city

km

MINAM, WRI

Distance to nearest road

km

MINAM, WRI

Distance to nearest river

km

MINAM

Distance to processing plant

km

WRI

Notes: These concession-average distances are fixed. They enter panel analyses only if not using concession fixed effects.
MINAG= Ministerio de Agricultura, MINAM= Ministerio del Ambiente, OSINFOR= Organismo de Supervisión de los
Recursos Forestales y de Fauna Silvestre, WRI= World Resources Institute, and WWF= World Wildlife Fund.

Table 2. Percentage of forest loss, for Peru and Cameroon, during the period 2000-2013,
for land always outside vs. at some point inside of logging concessions in the study areas
Country

Inside logging concessions

Outside logging concessions

Peru

0.68%

1.55%

Cameroon

0.34%

1.92%

Note: We used pixels for these calculations.
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Table 3. Average percentage of forest loss per year in Peru during the period 2001-2013 within
concessions always uncertified vs. at some point FSC certified (accounting for active statuses)
Never FSC

Ever FSC
Pre
concession
& pre FSC

Active
concession
& pre FSC

Active
concession
& active
FSC

Active
concession
& post FSC

N

%

%

%

%

N

0.19%

923

0.01%

0.03%

0.03%

0.04%

260

1,183

0.04%

0.03%

3,237

0.00%

0.02%

0.06%

-

78

3,315

0.02%

0.10%

0.06%

2,223

0.02%

0.07%

0.38%

0.14%

104

2,327

0.01%

0.07%

0.06%

6,383

0.01%

0.04%

0.09%

0.07%

442

6,825

Pre
concession

Active
concession

Post
concession

Region

%

%

%

Madre
de Dios

0.01%

0.07%

Loreto

0.01%

Ucayali
All

Total N

Notes: These statistics were calculated with a panel of 525 concessions for the period 2001-2013. Therefore, there are a total of
6,825 observations. N shows the number of observations. The number of years within each category varies and the proportions
shown in this table were not weighted by those years. We found almost the same results when we excluded 19 concessions from
the analysis that were cancelled during the period and did not have end dates (only a 0.01 increase in the percentage of forest loss
in the never FSC concessions in Ucayali while concessions were active). We defined forests as more than 30% tree cover.

Table 4. Average percentage of forest loss per year in Cameroon during 2001-2013 within
concessions always uncertified vs. at some point FSC certified (accounting for active statuses)
Never FSC

Ever FSC
Pre
concession
& pre FSC

Active
concession &
pre FSC

Active
concession
& active
FSC

Active
concession
& post FSC

N

%

%

%

%

N

Total N

0.08%

91

0.01%

0.01%

0.04%

-

13

104

0.07%

0.21%

26

-

-

-

-

0

26

Center

0.01%

0.04%

143

0.02%

0.00%

0.00%

0.00%

13

156

South

0.03%

0.04%

247

0.02%

0.01%

0.05%

-

130

377

East

0.02%

0.02%

637

0.01%

0.02%

0.02%

0.02%

182

819

All

0.04%

0.03%

1,144

0.02%

0.02%

0.03%

0.02%

338

1,482

Pre
concession

Active
concession

Region

%

%

Southwest

0.13%

Littoral

Note: These statistics were calculated with a panel of 114 concessions for the period 2001-2013. Therefore, there are a total of 1,482
observations. N shows the number of observations under each status. We excluded 8 concessions (104 observations) from the
analysis that do not have a concession start date. N shows the number of observations. The number of years within each category
varies and the proportions shown in this table were not weighted by those years. We defined forests as more than 30% tree cover.
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Table 5. Panel data model explaining the percentage of forest loss per year during 2001-2013
inside logging concessions in Peru (overall for our study area (most concessions) & by region)
Percentage of forest loss

All

FSC (1 if active in year t)

0.0000

Madre de Dios
-0.0007

(0.0006)
Concession (1 if active in year t)
Year 2002 (1,0)
Year 2003 (1,0)
Year 2004 (1,0)
Year 2005 (1,0)
Year 2006 (1,0)
Year 2007 (1,0)
Year 2008 (1,0)

(0.0003)*

0.0001

0.0006
(0.0002)*

-0.0000

0.0003

-0.0000

-0.0004

(0.0000)

(0.0003)

(0.0000)

(0.0001)*

-0.0000

0.0006

-0.0001

-0.0006

(0.0001)

(0.0005)

(0.0000)*

(0.0002)**

0.0001

0.0007

0.0000

(0.0001)

(0.0005)

(0.0001)

0.0001

0.0005

0.0000

-0.0004

(0.0001)

(0.0005)

(0.0001)

(0.0002)

Concession fixed effects
R

2

N

-0.0005
(0.0002)*

0.0000

0.0006

-0.0001

-0.0006

(0.0001)

(0.0005)

(0.0001)

(0.0002)*

0.0001

0.0008

-0.0000

-0.0005

(0.0001)

(0.0005)

(0.0001)

(0.0002)*

0.0003

0.0011

0.0002

-0.0001

(0.0006)

(0.0001)

(0.0002)

0.0008

0.0004

0.0007

0.0006

(0.0006)

0.0005

0.0014
(0.0006)*

0.0006
0.0010

0.0002
(0.0001)**

0.0014

0.0001
(0.0000)*

0.0021

0.0013

(0.0001)**

(0.0006)*
(0.0008)**
0.0015

(0.0002)**
Constant

(0.0027)

(0.0001)

(0.0002)**
Year 2013 (1,0)

(0.0003)

(0.0005)

(0.0001)**
Year 2012 (1,0)

0.0015

-0.0004

(0.0001)**
Year 2011 (1,0)

0.0000

0.0001

(0.0001)**
Year 2010 (1,0)

Ucayali

(0.0001)

(0.0001)**
Year 2009 (1,0)

Loreto

(0.0006)*

0.0005
(0.0001)**
0.0005
(0.0001)**

(0.0003)**
0.0004
(0.0002)
0.0007
(0.0002)**
0.0011
(0.0003)**
0.0022
(0.0005)**

0.0002

0.0002

0.0001

0.0003

(0.0001)*

(0.0002)

(0.0001)

(0.0002)

Yes

Yes

0.05

0.07

6,825

1,183

Yes
0.04
3,315

Yes
0.09
2,327

Notes: Standard errors in parentheses. * p<0.05; ** p<0.01. We used a panel of 525 concessions for the period 2001-2013.
Therefore, we had a total of 6,825 observations. We clustered the standard errors by concession. We defined forests as more than
30% tree cover. We found almost the same results when we excluded 19 concessions from the analysis that were cancelled
during the period and did not have end dates. There was only a +/-0.01 change in some coefficients, but the main conclusions do
not change.
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Table 6. Panel data model explaining the percentage of forest loss per year during 2001-2013
inside logging concessions in Cameroon (overall for our study area (all concessions) & by region)
Percentage of forest loss

All

FSC (1 if active in year t)

-0.0002

South

East

-0.0001

-0.0001

-0.0002

(0.0013)

(0.0001)

(0.0001)

(0.0001)*

-0.0001

-0.0016

-0.0001

-0.0000

-0.0001

(0.0001)

(0.0018)

(0.0002)

(0.0001)

(0.0001)

(0.0001)*
Concession (1 if active in year t)
Year 2002 (1,0)
Year 2003 (1,0)

0.0001

Year 2005 (1,0)

0.0004

0.0000

-0.0000

0.0001

(0.0002)

(0.0001)

(0.0000)

-0.0001

-0.0002

-0.0001

-0.0001

-0.0000

(0.0001)

(0.0001)

(0.0001)*

(0.0000)

-0.0001

-0.0004

0.0001

-0.0001

-0.0000

(0.0000)

(0.0004)

(0.0003)

(0.0000)

(0.0000)

-0.0001

-0.0000

-0.0000

0.0000

(0.0002)

(0.0002)

(0.0000)

(0.0000)

0.0000
0.0001
(0.0001)

Year 2007 (1,0)

0.0001
(0.0000)

Year 2008 (1,0)

0.0001
(0.0001)

Year 2009 (1,0)

0.0005
(0.0002)**

Year 2010 (1,0)

0.0004
(0.0003)

Year 2011 (1,0)

0.0001
(0.0001)

Year 2012 (1,0)

0.0001

Concession fixed effects
R

2

N

0.0001

-0.0000

-0.0000

(0.0003)

(0.0001)

(0.0000)

0.0003

0.0004

0.0000

0.0001

(0.0006)

(0.0005)

(0.0001)

(0.0000)*

0.0013

-0.0001

0.0001

-0.0000

(0.0015)

(0.0001)

(0.0001)

(0.0000)

0.0009

0.0001

0.0001

0.0008

(0.0011)

(0.0003)

(0.0001)

(0.0003)**

0.0049

0.0007

0.0000

0.0001

(0.0044)

(0.0008)

(0.0001)

(0.0000)*

0.0017

-0.0001

0.0002

-0.0000

(0.0018)

(0.0001)

(0.0001)

(0.0000)

0.0017

0.0002

0.0001

0.0001

(0.0002)

(0.0001)

(0.0001)

0.0035

0.0003

0.0007

0.0004

(0.0030)

(0.0002)

(0.0001)**

(0.0001)**

0.0005

0.0003

0.0002

0.0002

(0.0000)**

(0.0005)

(0.0001)*

(0.0000)**

(0.0000)**

Yes

Yes

0.0006
(0.0001)**

Constant

0.0018
(0.0019)

(0.0018)

(0.0001)*
Year 2013 (1,0)

-0.0013

(0.0001)*

(0.0000)
Year 2006 (1,0)

Center

(0.0000)
(0.0000)**
Year 2004 (1,0)

Southwest

0.0003

0.06
1,378

0.23
91

Yes
0.12
130

Yes

Yes

0.32
338

0.14
793

Notes: Standard errors in parentheses. * p<0.05; ** p<0.01. We used a panel of 114 concessions for the period 2001-2013.
Therefore, we had a total of 1,482 observations. We clustered the standard errors by concession. We did not include 8
concessions (104 observations) that do not have concession start date.
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Peru Appendix − Redoing Table 5 Without Year Effects

All
FSC (1 if active in year t)
Concession (1 if active in year t)
Year 2002 (1,0)
Year 2003 (1,0)
Year 2004 (1,0)
Year 2005 (1,0)
Year 2006 (1,0)
Year 2007 (1,0)
Year 2008 (1,0)
Year 2009 (1,0)
Year 2010 (1,0)
Year 2011 (1,0)
Year 2012 (1,0)
Year 2013 (1,0)
Constant
Fixed effects (concession)
N
R2

Madre de Dios

Loreto

Ucayali

0.0007
(0.0002)**
0.0000
(0.0001)
-----------------------------------------------

0.0001
(0.0003)
-0.0001
(0.0002)
-----------------------------------------------

0.0003
(0.0003)
0.0001
(0.0000)**
-----------------------------------------------

0.0029
(0.0007)**
-0.0001
(0.0001)
-----------------------------------------------

0.0005
(0.0000)**

0.0008
(0.0002)**

0.0002
(0.0000)**

0.0009
(0.0001)**

Yes
6,825
0.0017

Yes
1,183
0.0007

Yes
3,315
0.0030

Yes
2,327
0.0086

Notes: Standard errors in parentheses. * p<0.05; ** p<0.01. We used a panel of 525 concessions for the period 2001-2013.
Therefore, we had a total of 6,825 observations. We clustered the standard errors by concession for all specifications except for
column 3. Distances to roads, rivers, and capital do not change over time. We included concession fixed effects in specifications
3 and 4. We defined forests as more than 30% tree cover.
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Cameroon Appendix − Redoing Table 6 Without Year Effects

Southwest
FSC (1 if active in year t)
Concession (1 if active in year t)
Year 2002 (1,0)
Year 2003 (1,0)
Year 2004 (1,0)
Year 2005 (1,0)
Year 2006 (1,0)
Year 2007 (1,0)
Year 2008 (1,0)
Year 2009 (1,0)
Year 2010 (1,0)
Year 2011 (1,0)
Year 2012 (1,0)
Year 2013 (1,0)
Constant
Fixed effects (concession)
N
R2

Center

South

0.0001
(0.0016)
0.0002
(0.0006)
-----------------------------------------------

-0.0001
(0.0004)
0.0001
(0.0002)
-----------------------------------------------

0.0001
(0.0001)
0.0001
(0.0001)*
-----------------------------------------------

-0.0000
(0.0001)
-0.0000
(0.0001)
-----------------------------------------------

0.0009
(0.0004)*

0.0003
(0.0002)

0.0001
(0.0001)**

0.0002
(0.0000)**

Yes
91
0.0019

Yes
130
0.0008

Yes
338
0.0257

East

Yes
793
0.0001

Notes: Standard errors in parentheses. * p<0.05; ** p<0.01. We used a panel of 525 concessions for the period 2001-2013.
Therefore, we had a total of 6,825 observations. We clustered the standard errors by concession for all specifications except for
column 3. Distances to roads, rivers, and capital do not change over time. We included concession fixed effects in specifications
3 and 4. We defined forests as more than 30% tree cover.
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