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Abstract: Certification by the Forest Stewardship Council (FSC) remains rare among forest
management units (FMUs) in natural tropical forests, presenting a challenge for impact evaluation.
We demonstrate application of the synthetic control method (SCM) to evaluate the impact of FSC
certification on a single FMU in each of three tropical forest landscapes. Specifically, we estimate
causal effects on tree cover change from the year of certification to 2012 using SCM and open-access,
pan-tropical datasets. We demonstrate that it is possible to construct synthetic controls, or weighted
combinations of non-certified FMUs, that followed the same path of tree cover change as the certified
FMUs before certification. By using these synthetic controls to measure counterfactual tree cover
change after certification, we find that certification reduced tree cover loss in the most recent year
(2012) in all three landscapes. However, placebo tests show that in one case, this effect was not
significant, and in another case, it followed several years in which certification had the opposite effect
(increasing tree cover loss). We conclude that SCM has promise for identifying temporally varying
impacts of small-N interventions on land use and land cover change.
Keywords: forest management certification; synthetic control method; tropical forests; Brazilian
Amazon; Kalimantan; Gabon

1. Introduction
Tropical forests have attained new significance in the context of climate change. High rates of
tropical deforestation threaten not only the ability of these forests to act as carbon sinks but also
endanger their biodiversity and the livelihoods of millions of forest-dependent people around the
world. Deforestation often reflects the higher income potential of alternative land uses, such as
commodity crops and ranching [1–3]. One reason that the income potential of forests is lower than
these alternatives is that the profitability of sustainable management and harvest of timber is undercut
by low timber prices due to rampant illegal logging in the tropics [4,5]. Forest certification aims to
increase the value of responsibly managed forests by encouraging the market to recognize verified
sustainable management of forest management units (FMUs) including compliance with regulatory
frameworks, adoption of reduced-impact logging, forest stock enhancement, and respect for the rights
of both workers and local people [6–9]. The costs incurred in the certification process (for adoption of
new practices and for audits) are supposed to be defrayed by consumers and translated into benefits
for firms through price premiums or improved market access for timber products from certified
FMUs. The costs of certification could also be compensated by improved management effectiveness or
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reputational and other indirect benefits. Yet all of these private benefits have proved elusive, raising
the question of whether civil society and overseas development assistance should continue to promote
and underwrite the costs of certification.
The answer to this question depends in part on the effectiveness of certification at achieving its
stated environmental goals. In this paper, we analyze the impact of the FSC (Forest Stewardship
Council) on tropical deforestation. Along with the Programme for the Endorsement of Forest
Certification (PEFC), the FSC is one of the two largest forest certification programs globally. One of the
original aspirations of the non-governmental organizations that founded the FSC was to reduce tropical
deforestation [6,10–12]. While certification may contribute to this goal through multiple channels
(e.g., by raising consumer awareness and influencing government regulatory frameworks [13]), the
advocates of certification clearly expected that certification of a FMU would help protect it from
deforestation by increasing its value for timber production. Surprisingly, there have been few
robust counterfactual-based analyses of whether FSC certification actually reduces the probability of
deforestation [14,15]. One barrier to evaluation is that FSC certification remains rare in the tropical
forest landscape, meaning that there are few FMUs to evaluate. Another challenge is that the effects
may evolve over time. In this paper, we illustrate the use of the synthetic control method [16,17] to
address these issues. For this proof of concept, we use open-access pan-tropical datasets available
for the three major tropical forest biomes: the Amazon Basin, the Congo Basin, and Indo-Malaysian
forests. In particular, we evaluate impacts on tree cover loss, as reported in the dataset released
by Matthew Hansen, University of Maryland, Google, United States Geological Survey, and the
National Aeronautics and Space Administration on “Global Forest Change 2000–2012” [18]. We limit
consideration to pixels that were forest at the beginning of the time series, and then evaluate whether
certification reduced tree cover loss (e.g., due to more effective protection of FMUs), while recognizing
that it could also increase tree cover loss (e.g., due to more active logging).
2. Results
We studied one FSC certified FMU in each of three topical forest landscapes: Orsa Florestal S.A.
(Estuário zone in the eastern Brazilian Amazon), Rougier (Gabon), and Suka Jaya Makmur (Kalimantan,
Indonesia) (Figure 1). We selected these three locations to illustrate the synthetic control method (SCM)
because we had sufficient observations on tree cover change both before and after certification and
because we found that it was possible to construct plausible synthetic controls that matched tree cover
change in the pre-certification period.
In Brazil, Orsa Florestal S.A., has an approved PMFS (plano de manejo florestal sustentável or
sustainable forest management plan; for further information, see: http://www.ibama.gov.br/areastematicas/manejo-florestal-sustentavel) located in the state of Pará, with an area of 545,335 ha.
The company harvests and sells about 35 timber species, mostly to the European market. Orsa Florestal
S.A. was certified in December 2004. Conroy [19] reported that in 2006, the company produced 2000 m3
of rough-sawn tropical hardwood per month and earned a 30% price premium due to FSC certification.
In Gabon, Rougier obtained certification of a 688,262-ha timber concession in October 2008.
Rougier belongs to the international Rougier Group, which has been operating in Central Africa
since 1952 [20]. In Gabon, Rougier and its subsidiaries have an annual log production of approximately
280,000 m3 and employ around 1500 people. Their major export market is Europe, followed by Asia [21].
Lastly, PT Suka Jaya Makmur has a 171,340-ha timber concession (divided into two areas) in
West Kalimantan. PT. Suka Jaya Makmur is a private domestic company, which was granted its first
forest concession permit by the Indonesian Ministry of Forestry in 1982. Its annual production is
about 103,466 logs per year [22,23]. This company obtained certification of their timber concession in
September 2010.
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Figure 1. Locations of Orsa Florestal S.A., Rougier, and Suka Jaya Makmur in studied landscapes.
Figure 1. Locations of Orsa Florestal S.A., Rougier, and Suka Jaya Makmur in studied landscapes.

2.1. Comparison of Tree Cover Loss in FMUs
2.1. Comparison of Tree Cover Loss in FMUs
For each of these three FMUs, we first compared its rate of tree cover loss from 2001 to 2012 with
For each of these three FMUs, we first compared its rate of tree cover loss from 2001 to 2012 with
the average rate of tree cover loss in all FMUs without FSC certification in the relevant landscape. It
the average rate of tree cover loss in all FMUs without FSC certification in the relevant landscape.
should be noted that we have not screened out FMUs certified under national systems affiliated with
It should be noted that we have not screened out FMUs certified under national systems affiliated with
PEFC, because those FMUs are still eligible for FSC certification. Including some of those FMUs in a
PEFC, because those FMUs are still eligible for FSC certification. Including some of those FMUs in a
synthetic control will tend to result in an underestimate of the effect of certification (in general) while
synthetic control will tend to result in an underestimate of the effect of certification (in general) while
still giving us a good estimate of the incremental effect of FSC certification. As shown in the second
still giving us a good estimate of the incremental effect of FSC certification. As shown in the second
and third columns of Table 1, Orsa Florestal S.A. experienced higher annual tree cover loss compared
and third columns of Table 1, Orsa Florestal S.A. experienced higher annual tree cover loss compared
to non-certified FMUs in the same landscape in every year except 2007, both pre- and postto non-certified FMUs in the same landscape in every year except 2007, both pre- and post-certification.
certification.
Table 1. Percent of tree cover lost annually in forest management units (FMUs) in
Table 1. Percent of tree cover lost annually in forest management units (FMUs) in
Landscape of the Brazilian Amazon. Shaded rows correspond to years after Forest
Landscape of the Brazilian Amazon. Shaded rows correspond to years after Forest
Council (FSC) certification of Orsa Florestal.
Council (FSC) certification of Orsa Florestal.
Year

Year

the Estuário
the Estuário
Stewardship
Stewardship

Synthetic Control (Rate of Tree Cover
Non-Certified FMUs in the Synthetic Control (Rate of Tree Cover
Non-Certified FMUs in the
Orsa Florestal (Certified FMU)
Loss × Weight (W*) for Each Donor
Same Landscape
Loss × FMU
Weight
(W*) for Each Donor
in the Synthetic Control)
Same Landscape

Orsa Florestal (Certified FMU)

2001

20012002
20022003
20032004
20042005
2006
20052007
20062008
20072009
20082010
2011
2009
2012
2010
2011
2012

0.57
0.70
0.65
0.92
0.47
0.42
0.53
0.62
1.70
0.93
0.77
0.44

0.57
0.70
0.65
0.92
0.47
0.42
0.53
0.62
1.70
0.93
0.77
0.44

0.10
0.19
0.05
0.48
0.20
0.30
0.99
0.52
0.35
0.68
0.16
0.13

0.10
0.19
0.05
0.48
0.20
0.30
0.99
0.52
0.35
0.68
0.16
0.13

FMU in the Synthetic Control)
0.66
0.66
0.72
0.72
0.32
0.96
0.32
0.73
0.96
0.17
0.73
0.25
0.17
0.42
0.73
0.25
2.21
0.42
0.44
0.73
0.62
2.21
0.44
0.62
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In contrast, the annual rate of tree cover loss in Rougier was lower than the average rate of tree
cover loss in FMUs without FSC certification in Gabon in each of the three years post-certification and
on average across the entire time period (Table 2).
Table 2. Percent of tree cover lost annually in FMUs in Gabon. Shaded rows correspond to years after
FSC certification of Rougier.

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

Rougier (Certified FMU)

Non-Certified FMUs in the
Same Landscape

Synthetic Control (Rate of Tree Cover
Loss × Weight (W*) for Each Donor
FMU in the Synthetic Control)

0.03
0.04
0.09
0.02
0.04
0.03
0.07
0.03
0.05
0.017
0.02
0.008

0.04
0.05
0.05
0.02
0.04
0.05
0.04
0.04
0.06
0.02
0.04
0.02

0.02
0.02
0.03
0.01
0.03
0.03
0.05
0.02
0.07
0.013
0.03
0.009

Similar to Rougier, Suka Jaya Makmur had a much lower rate of tree cover loss, both over the
entire period and in the two years post-certification, compared to FMUs without FSC certification in
Kalimantan (Table 3).
Table 3. Percent of tree cover lost annually in FMUs in Kalimantan. Shaded rows correspond to years
after FSC certification of Suka Jaya Makmur.

Year

Suka Jaya Makmur (Certified
FMU)

Non-Certified FMUs in the
Same Landscape

Synthetic Control (Rate of Tree Cover
Loss × Weight (W*) for Each Donor
FMU in the Synthetic Control)

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

0.12
0.09
0.03
0.13
0.10
0.11
0.10
0.09
0.21
0.06
0.10
0.18

0.25
0.26
0.21
0.35
0.36
0.45
0.31
0.31
0.39
0.25
0.34
0.58

0.11
0.08
0.04
0.14
0.10
0.11
0.06
0.10
0.17
0.08
0.13
0.32

We emphasize that the above are naïve comparisons that do not account for any differences other
than FSC certification among FMUs in a given landscape. As discussed by Romero et al. [9], some
of the other factors that vary across FMUs may affect both the probability of certification and the
probability of tree cover loss due to either logging or deforestation. Thus, the observed differences
in tree cover loss in columns 2 and 3 of these tables may reflect those confounding factors rather
than certification.
2.2. Causal Effects of Certification on Tree Cover Loss in Certified FMUs
In order to distinguish the effect of certification from the effects of other potentially confounding
factors, we constructed synthetic controls for each of the certified FMUs. Annual tree cover loss in each
synthetic control is given in the third column of Tables 1–3 and graphed in the following three figures.
The figures show the annual rate of tree cover loss in the FSC certified FMUs and their synthetic
controls both pre-certification (the calibration period) and post-certification (the evaluation period).
In these figures, tree cover loss increases down the y-axis. Because we only consider loss of tree
cover in pixels that were forest in 2000, this is likely to represent deforestation, meaning that the y-axis
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2.3. Plausibility of Synthetic Controls as Counterfactuals
To assess the utility of SCM for evaluating the impacts of certification, we examine the plausibility
of the synthetic controls by comparing tree cover loss in each certified unit and its synthetic control
prior to certification. As shown in the figures, the overall trends match, with similar turning points.
Likewise, the level of tree cover loss in the year before certification is similar in each certified unit and
its synthetic control. However, the scales of the figures are different, and we calculate a much lower
mean squared prediction error (MSPE) in Rougier (0.0005) and Suka Jaya Makmur (0.0003) than Orsa
Florestal (0.029).
2.4. Sign and Significance of Causal Effects
Based on these synthetic controls, the point estimates of the effect of certification on tree cover
loss are given by the difference between tree cover loss in the certified unit and in its synthetic control,
as shown in Figures 1–3 and calculated as column 2 min column 4 in Tables 1–3. Assuming that tree
cover loss represents deforestation, the desired sign of the effect is negative, indicating that certification
reduces tree cover loss.
The effects and their statistical significance, based on placebo tests, are reported in Table 4.
The sign and the significance of the effect varies across years and across landscapes. In all cases,
the point estimates are negative in the year immediately after certification and the last year in our
dataset (2012), but the effects in the intermediate years are highly variable in terms of both sign and
statistical significance.
The estimated effects of certification in Orsa Florestal are statistically different from zero, that
is, they fall outside of the 10th to 90th percentiles of the placebo effects. Thus, certification of Orsa
Florestal does appear to affect tree cover, but not always in the expected direction. In the first year after
certification, it reduced tree cover loss, i.e., tree cover loss in Orsa Florestal was significantly lower (at
the 90% level) than tree cover loss in its synthetic control. However, in the next four years (2006 to 2009),
tree cover loss was lower in the synthetic control than in the Orsa FMU. Certification again appears to
reduce tree cover loss in the years 2010 and 2012, but not the intervening year 2011. Thus, SCM reveals
that the effects of certification vary over time, although the raw comparison of tree cover loss in Orsa
Florestal and all non-certified FMUs in the landscape suggested systematically higher tree cover loss
in Orsa Florestal.
In the case of Rougier in Gabon, the effects are not statistically significant in any year (Table 4).
Finally, in the case of Suka Jaya Makmur, certification significantly reduces tree cover loss in the two
years post-certification considered in this analysis (Table 4).
Table 4. Estimated effects of certification on percent tree cover loss by calendar year for three
certified FMUs.

Year
2005
2006
2007
2008
2009
2010
2011
2012

Brazilian Amazon

Gabon

Kalimantan (Indonesia)

ORSA
−0.26 *
0.25 *
0.28 *
0.20 *
0.97 *
−1.28 *
0.33 *
−0.18 *

ROUGIER

SJM

−0.02
0.004
−0.01
−0.001

−0.03 *
−0.14 *

ORSA: Orsa Florestal S.A.; SJM: Suka Jaya Makmur. Negative effects indicate less tree cover loss in the certified
FMU compared to its synthetic control. * Effect of certification is significant at 80% level, as demonstrated by effects
that fall outside of the 10th to 90th percentiles of the placebo treatment effects, including only placebo effects from
synthetic controls with mean squared prediction error (MSPE) equal or less than MSPE of synthetic control for
certified FMU.
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3. Discussion
We used the synthetic control method (SCM), which controls for confounding factors through a
robust counterfactual-based analysis [14,24], to estimate the effect of FSC certification of a FMU on tree
cover in that FMU. While tree cover change is not the same as deforestation, our results suggest that
certification likely did reduce deforestation in our case study FMU in Indonesia, and likely did not
in our case study FMU in Gabon. In our case study FMU in Brazil, the effect of certification varied
over time. Standard impact evaluation estimates a single average effect on the cumulative or most
recent annual rate of tree cover change. In contrast, SCM automatically generates estimates for each
individual FMU in each post-treatment year included in the dataset.
We identify two possible explanations for the variation in the estimated effects across years and
FMUs, which also suggest caveats on our analysis. First, the FMUs that were certified had both
more tree cover loss and more tree cover gain during the full period of data availability (2000–2012),
suggesting that they may be more actively managed, with logging followed by reforestation (Table 5).
Because we have annual data only on tree cover loss (and not tree cover gain), our synthetic
controls may not have matched the pre-certification patterns of tree cover gain in the certified FMUs.
Second, tree cover loss may reflect either deforestation or logging activities, including tree-fall gaps,
skid trails, and decks. If certification increases logging activity in response to market demand, this could
fluctuate up and down from year to year, resulting in the pattern of effects observed for Orsa Florestal.
Table 5. Forest Gain and Loss, 2000 to 2012.
Certified FMUs

Total Area
(Ha)

Forest
Gain (Ha)

Forest Gain
as % of FMU

Forest
Loss (Ha)

Forest Loss as
% of FMU

Net Change
(+/−)

Net Change
(%)

Orsa Florestal
Rougier
Suka Jaya Makmur

910,507.7
886,751.34
182,977.08

45,776.61
859.23
364.59

5.03
0.10
0.19

82,166.49
3661.74
2263.14

9.02
0.41
1.24

−36,389.9
−2802.51
−1898.55

−3.99
−0.32
−1.04

While SCM applied to time series remote sensing data has great potential for evaluating the
causal effects of small-N interventions like certification, such data cannot be used to address all of
the questions (and perhaps not even the most important questions) about forest certification, such
as its impacts on forest quality and local communities. Answers to these questions require field
work [9]. The sampling design for data collection in the field could potentially be informed by SCM
and specifically by the weights placed on different FMUs in the synthetic control.
To qualify as a plausible synthetic control for a certified FMU, tree cover loss in that synthetic
control should follow the same path of tree cover loss in the certified FMU before certification.
This leads to two further caveats on the use of SCM. First, we have only a small window of
pre-treatment years to judge the similarity between the historical trajectory of tree cover loss in
each certified FMU and its synthetic control. Second, for the three FMUs discussed here, we were
able to construct plausible synthetic matches. However, as shown by Rana and Sills [25], this was
not possible for all certified FMUs in these landscapes. This may be partly due to the lack of a clear
trend in tree cover change, different from the outcomes considered in most previous applications of
SCM [16,26]. Unlike public health or economic outcomes, the rate of tree cover change fluctuates up
and down over time, reflecting demand for timber and agricultural commodities, and shifts in policies.
Finally, we note that our ability to construct plausible synthetic controls and estimate impacts is
constrained by data availability. For our proof of concept, we relied on the first release of tree cover
data from Hansen et al. [18] for the years 2000 to 2012. This limits our analysis to FMUs that were
certified between 2003 and 2010 and thus have at least two years of data on the outcome both preand post-certification. We recommend the application of SCM to new releases of these tree cover
data as well as national datasets such as the PRODES (Projeto de Estimativa do Desflorestamento
da Amazônia) time series for Brazil, allowing impacts to be evaluated over a longer time frame.
Second, the lack of a long time series of data on covariates for our study landscapes not only limits our
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choice of variables but limits our ability to standardize variables across the studied landscapes. With the
increasing availability of long time series of high-resolution spatial data on tropical deforestation,
socio-economic conditions, and forest certification [27], SCM can potentially provide causally-valid
and robust inferences regarding the long-term effectiveness of forest certification.
4. Materials and Methods
For this proof of concept that SCM can be applied to evaluate the effect of a small-N intervention
like FSC certification on Land Use Land Cover Change (LULCC), we needed to make methodological
choices about (1) the outcome measure, (2) the unit of analysis, and (3) confounders that affect both
tree cover change and the adoption of certification in that unit. We sought to standardize data and
methods across our three study landscapes in Brazil, Gabon, and Indonesia to the degree possible,
while also considering the units, time frame, and covariates relevant for each case. For more details on
certification in these three landscapes, see [9,28–30].
For the first choice, the only data on forest cover available for multiple years for all of our
landscapes was the Hansen data on tree cover change. We used original version 1.0 of the data,
including annual tree cover loss layers from 2000 to 2012. For the second choice, decisions about
certification are typically made at the level of the FMU: either an entire FMU is certified or it is not.
Thus, FMUs are the logical unit of analysis. This means that we have a “small N” because there were
only a few certified FMUs in each of our three landscapes prior to 2010, which we established as the
cut-off in order to have sufficient data on tree cover post-certification.
For the third choice, the literature on tropical deforestation suggests potential confounders.
For details on available datasets, see Rana and Sills [25]. SCM then selects and assigns weights to those
covariates such that a synthetic control constructed to match their values in the certified unit also has
the same history of tree cover change as that unit (prior to certification). This is accomplished through
a nested optimization process described in greater detail by Abadie et al. [31].
The objective of SCM is to determine a set of weights on all potential comparison units that
results in the synthetic unit that most closely resembles the unit of interest before that unit was treated
(certified, in our case). The method makes unambiguously clear how much a particular comparison
unit contributes to the construction of the counterfactual (i.e., the relative weight of each control unit).
The explicit weights help quantitatively and qualitatively explore the plausibility of the synthetic
control as the counterfactual of the unit of interest [16,24]. SCM is preferred to other quasi-experimental
approaches when there are only a few treated units, which is often the case when analyzing aggregate
units like countries or states. In such cases, it is difficult to identify treatment effects using traditional
matching, because the law of large numbers or matching on covariates does not help produce treated
and control groups that are similar on average. To compensate for the small number of units, however,
SCM requires a long time series of data on the outcome variable. This is because SCM uses a nested
optimization process that identifies a set of weights on potential covariates such that matching on
those weighted covariates results in the closest possible match on the outcome over the full time series
available prior to treatment.
4.1. Synthetic Control Method (SCM)
We used the Synthetic Control Method (SCM) to evaluate the effect of FSC certification (our
treatment) of a FMU (our unit) on tree cover loss in that FMU (our outcome). SCM is based on Mill’s
Method of Difference and thus simulates the counterfactual of a treated case in the absence of treatment.
SCM was introduced by Abadie and Gardeazabal [24] and further developed by Abadie et al. [16].
It has been used to construct the counterfactual for single jurisdictions affected by anti-smoking
legislation, minimum wages, terrorist conflict, and immigration controls [16,24,26,32]. Sills et al. [17]
illustrated the use of SCM for evaluating policy impacts on land use. SCM has also been suggested
as a way to systematically choose comparison units for comparative case studies, thus bridging
the quantitative/qualitative methodological divide [16]. We adopted SCM as a rigorous and robust
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method, which is appropriate for the very small and heterogeneous pool of certified FMUs in our three
landscapes and which is feasible due to the long time series of data on the outcome available in the
Hansen dataset.
To establish whether our estimated effects are statistically significant, we used placebo tests.
These tests are used to assess the robustness of estimates by exploring the likelihood that they would
have been observed merely by chance [16,24,33]. For these tests, we estimated the “impacts” of placebo
(or fictitious) certification treatments on each non-certified FMU, i.e., the FMUs in the “donor pool”
for the synthetic control. We were interested in whether the estimated impact of actual certification
was larger than the “impacts” of placebo treatments of FMUs that were not actually certified. If the
estimated impact of certification on the certified FMU is larger (in absolute value) than almost all of
the placebo effects on non-certified FMUs, that increases our confidence that the estimated impact is
significantly different from zero, because it falls outside the range of statistical noise as represented by
the placebo effects.
Placebo impacts are the differences in tree cover loss between fictitiously-certified FMUs and their
synthetic controls. However, these estimated impacts are not all comparable. If a synthetic control
fails to reproduce changes in tree cover before the fictitious intervention, then the placebo impact is
not a reasonable basis for comparison. Thus, we only considered placebo impacts based on synthetic
controls with mean square prediction error (MSPE) lower or equal to the MSPE of the synthetic control
for the unit that was actually treated. We trimmed off the high MSPE placebo cases in order to focus
on the range of estimated effects possible when the method works well but there is no real treatment.
In this trimmed sample, we identified the 10th and 90th percentiles of the placebo effects in order to
assess statistical significance at the 80% confidence level.
4.2. Covariates Used in Construction of Synthetic Control
We included several bio-physical characteristics in the pool of covariates for constructing the
synthetic controls in each landscape. These are size of the FMU and its baseline tree cover, climate
variables, and a measure of compactness of the FMU (perimeter of the FMU divided by perimeter
of a circle of the same area). Information on units and sources of all covariates are provided in the
Supplementary Materials (Table S1).
In addition to these common bio-physical factors, we identified factors that drive deforestation, or
tree cover loss due to conversion of forest to other land uses, in each landscape. We favored measures
of those factors available across the tropics, for consistency of the analyses, but we also drew on the
different data sources available in each country. We could not use common covariates for all the three
landscapes owing to lack of data for time periods before certification.
4.2.1. Orsa Florestal S.A. (Estuário Landscape)
The spatio-temporal distribution of deforestation in Brazil is shaped by a range of socio-economic,
political, and bio-physical factors [34,35]. We identified factors from previous literature on the
Brazilian Amazon and then defined proxy measures based on available data. In addition to the
pan-tropical datasets described above, we drew upon country-specific data from the Instituto Brasileiro
de Geografia e Estatística (IBGE, Brazilian Institute of Geography and Statistics) and ImazonGeo
(http://www.imazongeo.org.br/doc/downloads.php). The full list of variables compiled is provided
in the Supplementary Materials (Table S2, descriptive in Table S3). Many of these factors are
confounders in the sense that they influence both the decision whether to certify and deforestation.
For example, the probability of certification is likely related to the timber stock in the FMU, which
in turn depends on both its size and its prior tree cover. Larger FMUs are more likely to remain
certified over a longer period [35,36]. Of course, a larger timber stock may also make a FMU more
attractive to illegal loggers and therefore more susceptible to deforestation. Likewise, the accessibility
of a FMU, which we represent by distances to nearest settlement and timber pole, may influence
the probabilities of certification and deforestation. These potential causal mechanisms are also
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described in the Supplementary Materials (Table S2). The covariates identified as the most influential
factors explaining tree cover loss through the nested optimization are described in Table S4 of the
Supplementary Materials.
4.2.2. Rougier (Gabon)
The timber economy in Gabon relies heavily on a single tree species: Okoume (Aucoumea klaineana
Pierre). The species commands a high price due to its desirable properties for rotary peeling and
slicing [29]. Thus, the proportion of a FMU’s land area that has Okoume may influence both its
proneness to illegal logging and interest in certification.
Gabon’s relatively low population density (4.6 persons per km2 ) and high per capita income (USD
9200 Gross National Income per person) suggest limited pressure to clear forests for agriculture [37].
However, people do have customary subsistence rights over forests and thus we include population
density as a possible factor explaining the spatial variation in deforestation. Higher population density
could also encourage uptake of certification as a way to demonstrate social responsibility.
There are significant concerns about poor governance capacity in the forestry sector in
Gabon [29,38]. We captured this factor with two types of variables: distance from FMU to the nearest
city, where the government forest office would normally be located; and size and shape of concession.
The size and shape of concessions matters because monitoring and enforcement is more expensive in
large and fragmented FMUs. We considered total area under management by a company, the shape
of those areas (as defined by our measure of compactness), and the maximum distance between any
two spatial units managed by a company as predictors of the efficacy of monitoring and hence of
deforestation outcomes. A larger total area under management may also encourage certification by
spreading the transactions costs of obtaining certification over more hectares [29].
Both von Thünen’s theory and a large body of empirical evidence suggest that the probability of
deforestation is linked to market access. Market access is influenced by timber companies in Gabon,
because they construct roads to transfer harvested timber or to fulfill their social responsibilities
by connecting villages [29]. We used road density and number of villages in 2000 to represent
market access.
While there are clearly many other factors that affect deforestation, we were limited to variables
available from secondary sources, as listed in Table S5 (descriptive in Table S6) of the Supplementary
Materials. Although we do not know the exact causal mechanisms through which these variables
influence the trajectories of the forest deforestation, we suggest some plausible mechanisms in the
Supplementary Materials (Table S5). Table S7 in the Supplementary Materials shows the vector of
weights on the covariates that were identified as the most influential through nested optimization.
4.2.3. Suka Jaya Makmur (Kalimantan)
Table S8 (Supplementary Materials) lists the variables used to construct the synthetic control
for Suka Jaya Makmur (SJM), in addition to the bio-physical factors listed in Table S1. As with the
other two landscapes, these were selected based on previous literature about the determinants of
deforestation and operationalized using data available from across the tropics to the extent possible
(Supplementary Materials, Table S8, descriptive in Table S9). Factors that have been found to influence
deforestation outcomes in Indonesia include forest fires, poor governance, illegal logging, unclear
property rights, social conflicts, market access, and perverse incentives created by government
policies [39–42]. Poor implementation of sustainability policies has led to over-exploitation of forest
resources [40].
Almost all native forests in Indonesia are publicly owned, and different levels of government
allocate logging concessions, or permits, to harvest timber from forests. This has often led to conflicts
with communities who consider these forests as their own. These conflicts have serious implications
for deforestation and the uptake of certification by timber companies [40,43,44]. For example,
Cerutti et al. [45] found that local populations may feel constrained by new regulations on forest
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use imposed to comply with certification requirements, resulting in social conflicts that may trigger
deforestation. The costs of managing these conflicts and monitoring the resource use of local people in
turn may deter companies from seeking certification [46–48].
To capture the potential for conflict as well as the demand for cleared land, we included population
density and change of population in the jurisdictions where FMUs are located. Deforestation is also a
function of the area available to be deforested, which depends on the forest stock and its accessibility.
Thus, we included the proportion of primary forests, past tree cover, total area logged, logging intensity,
and logging road density.
The most influential factors driving tree cover loss in the case of Suka Jaya Makmur, as identified
through the nested optimization, are listed in Table S10 of the Supplementary Materials.
5. Conclusions
We presented a proof of concept that the synthetic control method can be applied to evaluate the
impact of certification. Its advantages include (a) modeling the decision-making unit (the FMU), and (b)
allowing for variable impacts over time. For this proof of concept, we used Hansen’s data on tree cover
loss as our outcome, because it is available for a long time series across all of our tropical landscapes.
There are a number of channels through which tree cover loss may be affected by certification, for
example, increasing due to more active forest management as a result of higher market demand
for certified products, or decreasing due to reduced slash-and-burn agriculture as a result of better
company control over the FMU.
We demonstrated with one FSC certified FMU each from three topical forest landscapes:
Orsa Florestal S.A. (Brazil), Rougier (Gabon), and SJM (Indonesia). In each case, our nested
optimization procedure identified a weighted combination of non-certified FMUs that followed similar
trends in tree cover change as the certified FMU. While this demonstrates the potential of the method,
we caution that it was not possible to identify a good synthetic control in all cases [25].
In terms of tree cover loss, we found no impact of certification on the FMU in Gabon, small
impacts on the FMU in Indonesia, and larger, statistically significant, but variable, impacts on the
FMU in Brazil. These results demonstrate the value of applying a counterfactual method like SCM to
evaluate the impacts of FSC on tree cover: the naïve comparison between certified and non-certified
FMUs suggested increased tree cover loss in Brazil, but our SCM analysis revealed more variable
impacts on tree cover loss. In Indonesia, the naïve comparison suggested much lower tree cover loss
in certified concessions, but we found a smaller effect by comparing the FMU to the synthetic control
representing its counterfactual.
Compared to traditional matching approaches, SCM presents two further advantages. Instead of
estimating an average treatment effect for all certified units, SCM estimates the effect on each FMU.
Also, instead of only considering one outcome—i.e., tree cover loss in a single year, such as the
first year after certification or the most recent year, or total tree cover loss over the time period
since certification—SCM estimates the full temporal profile of certification effects. In other words,
we have estimated the effects of forest certification on tree cover in each year since certification.
Recognizing heterogeneity across space and time is key to understanding the potential effects of
certification across an entire landscape and over the long term.
Supplementary Materials: The following are available online at www.mdpi.com/1999-4907/9/3/arcitlenumber/S1,
Table S1: Bio-physical factors considered in the construction of synthetic controls, due to established relationship
with deforestation, Table S2: Description of covariates in case of Estuário, Table S3: Descriptive statistics for FMUs in
the Estuário Landscape, Table S3 (a): Descriptive statistics for non-certified FMUs in the Estuário Landscape (Donor
pool), Table S3 (b): Description of the certified FMU: Orsa Florestal S.A., Table S4: Vectors of weights on covariates
used in construction of synthetic control for Orsa Florestal S.A., Table S5: Description of covariates in case of Gabon,
Table S6: Descriptive statistics for FMUs in Gabon, Table S6 (a): Descriptive statistics of non-certified FMUs in Gabon,
Table S6 (b): Description of Rougier (Certified FMU), Table S7: Vector of weights on covariates used in construction
of synthetic control for Rougier, Table S8: Description of covariates in case of Kalimantan (Indonesia), Table S9:
Descriptive statistics for FMUs in Kalimantan (Indonesia), Table S9 (a): Descriptive statistics of the non-certified
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FMUs (Donor pool), Table S9 (b): Description of the certified FMU Suka Jaya Makmur, Table S10: Vectors of weights
on covariates used in construction of synthetic control for Suka Jaya Makmur.
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