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Introduction

Given the extent of production forests,
which is much larger than protected areas,
sustainable logging, through timber concessions
with forest management plans, can be a valuable
tool for forest conservation, combining biodiver-
sity conservation,economic production, andlocal
development. To that end, several institutional
players have been supporting the implementa-
tion of management plans in logging conces-
sions in the Congo Basin for over twenty years.
Indeed, more than half of the tropical rainforests
of Cameroon, Gabon, Congo, and the Central
African Republic (CAR) are devoted to industrial
timber production and are allocated to logging
concessions. Legally, since the new generation
of forestry laws in these countries was enacted
in the 1990s and 2000s, all the forest conces-
sions must implement a forest management
plan (FMP). In practice, roughly half of the forests
allocated to active logging concessions were
under a FMP by 2010, but the dynamic in terms of
management plans in concessions is changing
rapidly. The Forest Stewardship Council (FSC)
certification is also very dynamic in the region,
and, in 2010, approximately one third of managed
forests were also certified.

Nevertheless, in spite of these positive
developments, the effectiveness of forest
management and certification to help avoid
deforestation remains under debate, both within
institutions and non-governmental organizations
(NGOs) and within the scientific community. It is
against this context that AFD, the French Facility
for Global Environment (FFEM), whose secreta-
riat is provided by AFD, and the French Nationall
Research Institute for Sustainable Development
(IRD) have launched aresearch project that seeks
to provide an empirical estimate of the average
effect of FMP in timber concessions on defores-
tation in the Congo Basin. More precisely, this
study aims at measuring the average effect of
the approval of forest management plans in
logging concessions on deforestation between
1990 and 2010 by adopting a quasi-experimental
design using a counterfactual, i.e., comparing
deforestation in managed concessions and in
similar concessions without a management plan.
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1.

Setting Up the Study
and an Independent
Monitoring
Committee

This study is a part of the “Evaluation
d'impact des modes de gestion forestiere sur
le couvert forestier dans le bassin du Congo”
[Impact Evaluation of Forest Management
Systems on the Forest Cover in the Congo
Basin] research project conducted jointly by
the Evaluation and Learning Department at the
Research, Innovation & Knowledge Direction
at AFD, FFEM and the ESPACE-DEV research
unit at the French National Research Institute
for Sustainable Development (IRD). The study
was carried out by Isabelle Tritsch and Benoit
Mertens (IRD), as well as Jean-Sylvestre Makak
(Geospatial Company - GEOCOM). It was guided
by areference group including members of AFD
(Kenneth Houngbedii, Christophe Du Castel et
Julien Calas) and FFEM (Francois-Xavier Duporge),
as well as resource persons from CIRAD (Alain
Karsenty), WWF (Jean Bakouma), ATIBT (Benoit
Jobbe-Duval), WCS (Matthew Hatchwell), and
Gembloux Agro-Bio Tech (Jean—Louis Doucet).
This group was chaired by Pr. Pascal Combes
Motel from CERDI, and met twice to review
progress. A monitoring committee consisting
of members of UCLouvain (Patrick Meyfroidt),
CEE-M (Gwenolé Le Velly), and the engineering
consultancy SIRS (Christophe Sannier) also met
on a regular basis to discuss progress.
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Box 1- A Primer on Deforestation in
the Congo Basin

Compared to the situation in other tropical
forests, deforestation over the period covered
by this study was relatively low in the four
countries under consideration: Gabon, Congo,
Cameroon, and CAR. National deforestation
rates stood below 1% over 10 years in Congo
and Gabon, somewhere between 1.5 and

2% in Cameroon, and between 2.5 and 3.5%

in CAR. Moreover, deforestation has slowed
down between 1990-2000 and 2000—2010 on a
regional basis (the Democratic Republic of the
Congo [DRC], and Equatorial Guinea excluded).
Three quarters of forest loss occurred outside
forest management units, and deforestation
was particularly low in national parks and in
logging concessions (less than 0.6% over 10
years). Broadly speaking, regionally, defores-
tation is mainly occurring at a small scale,

the main direct cause being slash-and-burn
agriculture, together with firewood collec-
tion, small-scale charcoal production, and
small-scale lumbering operations (Desclée et
al,, 2013; Marquant et al, 2015; Tyukavina et all,
2018). Demographic pressure, both rural and
urban, is thus the main underlying driver of
deforestation in the Congo Basin (Defourny et
al, 201).

Box 2 — A Primer on Forest
Concessions

Given how much forest they cover, logging
concessions are predominant in the manage-
ment of tropical rainforests of the Congo
Basin and form the basis of the forest industry
sector. Under a concession system, forests
remain under state ownership, and logging
permits are awarded to private logging
companies for extended periods of time (of up
to 100 years), granting them exclusive rights
over forest resources in return for compliance
with certain standards and the payment

of fees (Karsenty, 2005; Cerutti et al, 2017).
Logging companies are required by law to
implement forest management plans (FMPs)
based on national standards and under the
supervision of forest administrations. In a

context where the rule of law is weak, beyond
management plans, logging companies

can undertake FSC forest certification, which
provides a guarantee by an independent
third party that relevant laws and regulations
are complied with, that FMPs are properly
implemented, and that measures specific to
FSC are applied (Blackman et al., 2018).

Implementing a FMP in a concession implies
addressing a series of environmental, social,
and economic issues, including the conserva-
tion of the forest’s ecological conditions, local
development, and reinforcing the economic
benefits of logging. FMPs proceed based

on inventories of forest resources, which,
associated with ecological and social studies,
enable concession-holders to divide their
concessions into ‘management series,” which
are tracts of forest differentiated according to
the use of the timber resource.

“Production series” are assigned to logging
operations, while “‘conservation series” are
apportioned to ensure the preservation of
seed trees and protect the most vulnerable
areas, and, when villages are included within
concessions, ‘community management
series” focused on community or agrofo-
restry development, which acknowledge their
use rights and the coexistence of various
uses for forestry resources. Production series
are subdivided into “annual allowable cuts”
(AAC), for which the FMP presents a detailed
plan for selective logging over a specific time
period. This plan must allow for an optimal
use of the timber supply, all the while enabling
forest species to replenish, thereby ensuring
the viability of the next logging cycle after a
specified period of time (the usual rotation
time is 25-30 years).
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2 Asforthe FSC certification, itis assumed
. to beimpacting deforestation through the same

hypotheses and causal pathways. In addition
H ow CO N FO reSt to these five predictions, however, FSC certifi-
cation leads to greater control of the logging
MC‘ nqgement d nd operations by third parties.
FSC Ce rt Iﬁ thl on In a context of weak governance and

H rule of law, such third-party verification canlead

H S I p AVO I d toimproved compliance and improved perfor-
H mance regarding each of the detailed pathways.

DefO reStClt I O n'.) FSC certification is therefore expected to have

an additional effect on reducing deforestation.
Table1summarizes the theory of change
through which we hypothesize that FMP and FSC
certification could help avoid deforestation in
logging concessions. It hinges on five predictions,
three of which are under the direct control of
logging companies, and two of which are indirect,
depending on external agents.

Table 1. Theory of Change

Intervention Activities Causal pathways Outcomes Impact

Prediction 1- Planning concessions and management series

pping of pi series, defining « Decrease in the spatial extension and dispension of
annual allowable cuts, and planning the —— logging activities
rotation cycle « Observance of rotations preventing repeated
logging
Mapping of conservation zones and buffer FMP implementation improves « Improved control over logging and illegal activities

zones in vulnerable areas forestry practices inall
management series Increase in logging-free zones

Participatory mapping of commuity areas
and agricultural development promoting

Limitation of clearings for agricultural activities

- sustainable activities and settlement growth in certain defined areas
o
o
£
E Prediction 2 - Planning logging roads
9 Optimizing the logging track network
o p g the logging track networl A g
= o based on topography and forest :r;?';t:':ﬁ::::‘:‘t :::'\:ei: Decrease in the area occupied or impacted by
s inventories in order to better preserve soils ge i 5 access roads and log landings, and reduction in
T 5 5 5
< and key tree species for the maintenance PRI the length of the logging tracks c
g of biodiversity and future logging activities feousondicggingactitay K
s
2 2
£ 8
g Prediction 3 - Improving forestry management practices and logging methods H
-
(]
% Enforcing aminimum tree diametersize = 5 5 Decrease in harvested volume e
] for harvesting above the legal minimum FMP implementation leads to the =
5 adoption of sustainable logging — . S
£ methods Limitation of damage on residual stand and on the S
- Improving logging methods —— number of openings :
[
o
Prediction 4 — Monitoring illegal activities, settlement expansion, and agriculture
Controlling access to the concession, ;x;g?:;ﬂ;::qz:a;miws Limitation of the passage of forestry machinery
. z!osure c:f fornf\zr.:ccsss f:oalds. . settlement and agricultural nnq delcreus: in |!Iegt|1| ac; S su::’h as el
g ismantling of bridges after logging expansion within the concession agriculture, hunting, lumbering, and woodfuel
o
£
]
£ Prediction 5 - Improving livelihoods for local communities
T
c

FMP implementation eases the
activities that are less
dependent on the forest

Social contracts: local job creation and
socioeconomic investment in local
communities

Decrease inillegal logging and clearing through

the reduction of the dependence on agriculture
and woodfuel

Source: Author's work, based on a review of logical frameworks of forest management plans. See Tritsch et al. (2020) for further details.
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3.
Data Employed

The map data used comes from the
national forest monitoring data generated
under the REDD+ (Reducing Emissions from
Deforestation and Forest Degradation) framework
and by the national forest monitoring systems.
Several international programs supported this
data generation.

Map 1. Forest Cover and Forest Management in the Study Area

Key

® Capital

Logging concession
FMP 2000-2005

FMP 2006-2010

| I NoFMPin2010
D Inactive in 2010
Forest coverin 2000
|Non forest

| | Forest

100 200 400 Km

T t T + t t 1

Source: Prepared by the authors based on national forest monitoring maps, WRI atlases, as well as OFAC data.
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4.
Impact Evaluation
Method

The study uses an empirical approach
that draws on the literature on impact evalua-
tions of forestry conservation policies (Baylis
et al, 2016; Blackman, 2013; Bérner et al., 2016;
Miteva et al, 2012). Deforestation in concessions
with an approved FMP (or FMP concession in the
remainder) is compared with deforestation in
active concessions with no approved FMP. Over
the study period, FMP concessions display, on
average, different characteristics than conces-
sions with no FMP (see box 3). Yet, these charac-
teristics change the extent and risks of defores-
tation. Simply comparing concessions with and
without FMPs, it is therefore not possible to tell
whether a difference in deforestation has to do
more with differences in observable characte-
ristics or with a FMP being approved. In order to
control for this selection bias, we compared the
concessions with FMPs with concessions with
no FMPs sharing otherwise similar observable
characteristics correlated with deforestation.
Practically speaking, we used propensity score
matching (PSM), which consists of the following:
Q) computing the propensity score that makes it
possible toidentify the combination of observable
characteristics differentiating concessions with
an approved FMP, then (2) identifying conces-
sions with no FMP that have identical scores to
concessions with FMPs, and finally (3) comparing
the concessions with and without FMPs having
the same propensity score.

We performed statistical analysis at the
concession level.

The main outcome of interest is the
total deforested surface area in the conces-
sions during each ten-year period (1990-2000
and 2000—2010) and between both periods,
expressed in hectares. Given that the potential
effects of FMPs on deforestation are more likely
to appearinthe mediumto long range, defores-
tation between 2000 and 2010 is probably lower
in concessions that have had their FMP approved
over d longer period of time. With this in mind,
we have differentiated concessions that have
had their FMP approved before 2005 (2000-2005
FMP treatment) and concessions that have
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had their FMP approved between 2006 and
2010 (2006-2010 FMP treatment). As deforesta-
tion was measured between 2000 and 2010, the
2006—-2010 FMP treatment reflects the immediate
and very short-term impacts of FMP approval,
these treated concessions having had their FMP
approved forless than four years.In contrast, the
2000-2005 FMP treatment includes concessions
with FMPs approved for at least five years and
therefore allows us to measure the short-term
and mid-term impacts of FMP approvall.

Athird test considers that FMP conces-
sions certified by FSC as at 2010 are part of the
“treated” group. Due to the recent timeframe,
this test also lacks data, but it is nevertheless
interesting, in part because most concessions
certified as at 2010 had had their FMP validated
for a number of years, but also because FSC
concessions have benefited from an audit of
their practices and the implementation of their
FMP by a third-party body. For these three tests,
the control concessions were both active and
without a FMP by 2010.

Box 3 - Correcting Selection Biases:
Differences in Characteristics
between FMP Concessions and
No-FMP Concessions in 2010

Analyzing the location of the concessions in
relation to covariates describing accessi-
bility, population density, and environmen-
tal variables reveals that FMP concessions
are less accessible and more isolated than
concessions with no FMP, and that they are
located in less populated areas.

Moreover, they are located in areas with more
forest biomass. In terms of topography, FMP
concessions are located in areas where the
average dltitude is higher but where average
slopes are gentler than in areas where
non-FMP concessions are located. Finally,

the presence of a temporal gradient can be
noted: the concessions which had their FMPs
accepted first (before 2005) are more isolated
than those that had their FMPs accepted later
(between 2006 and 2010) for all the variables
included.
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B.
Results

Results show that, after matching,
deforestation is statistically lower in conces-
sions with FMPs of more than five years, when
compared to similar concessions (having the
same propensity score) with no FMP (see figure
1).In the medium term, implementing a FMP has
resulted in preventing 681 ha of forest loss (see
figure 2), which represents a74% fall in deforesta-
tion compared to control concessions. However,
in the short term (low hindsight) no statistically
significantimpact of FMPs was observed: conces-
sions that have had their FMP approved between
2006 and 2010 have the same deforestation levels
in the 2000—-2010 period than similar conces-
sions with no FMP.Finally, after matching, we note
that deforestation between 2000 and 2010 is,on
average, 514 ha lowerin FMP concessions thanin
control concessions with no FMP. This amounts
to a 48% decrease in deforestation compared
to no-FMP control concessions.

In order to test the robustness of these
results, the analysis was replicated using data
on forest cover loss between 2000 and 2010 from
the Global Forest Change (GFC) dataset (Hansen
et al, 2013). Both analyses produced similar
results. The analysis on deforestation trends
between 1990-2000 and 2000-2010 (through a
difference-in-difference approach) show that
the deforested surface area decreases more
in FMP or certified concessions than in control
no-FMP concessions, whatever the considered
treatment, although the difference isn't statis-
tically significant in the case of the 2000-2005
FMP treatment. Nevertheless, few concessions
were attributed to forest companies during
the 1990-2000 period, and it is arguable that
deforestation over that period was not driven
by the activities of the forest companies. This
limits our ability to draw conclusions from the
results provided by a difference-in-difference
approach.

Figure 1. Summary of Outcomes for the Three Treatments Considered: Average Deforested
Surface Area between 2000 and 2010 before and after Matching, and Avoided Deforestation

1000 1500
1

Average deforested surface area between 2000 and 2010 (hq)
500

1107

Before After Before After Before After
matching matching matching matching matching matching
FMP accepted between FMP accepted between FMP accepted between
2000 and 2005 2008 and 2010 2000 and 2010

. Treated . Control

Source: Authors’ calculations, based on national forest monitoring maps, WRI atlases, as well as OFAC data. See Tritsch et al. (2020) for

more details.
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Figure 2. Summary of Outcomes for the Three Treatments Considered: Average Avoided
Deforestation between 2000 and 2010 before and after Matching, and Avoided Deforestation
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6.

Which Pathways
Explain the Reduced
Deforestation?

In order to investigate the causal
pathways of reduced deforestation, the spatial
heterogeneity of the impact was analyzed
through pixel-level sampling within the conces-
sions. Three predictions were tested, studying
the change in the probability of deforestation
within the concessions according to the distance
to past deforestation, distance to the closest
local settlements, and distance to main roads
(see table 2).
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Approval of a FMP prior to 2005 is
associated with a significantly lower defores-
tationin areas close to human settlements, close
to previously deforested areas, and close to a
main road.

Atequal distanceto avillage, aroad, or
a previously deforested area (cleared between
1990 and 2000), we observe that the pixels
located in concessions with FMPs that were
approved before 2005 have a lower probabi-
lity of being deforested than those located in
concessions with no approved management
plan. Moreover, the measured impact in areas
close to villages or past deforestation is higher
than the average impact measured in conces-
sions as a whole. These analyses may be indica-
ting the effectiveness of certain FMP pathways
in reducing deforestation: (i) the effectiveness
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of planning concessions with defined rotation
cycles for the annual cutting areas and the
community development series including
agricultural activities; (i) the effectiveness of
the control and monitoring of concessions by
closing former logging tracks and by monito-
ring the expansion of settlements and cultivated

land:; and (iii) the effectiveness of the monitoring
of human incursions into the concessions from
public roads. For further information, Tritsch et al.
(2020) detail the methodology and the results of
the study on the potential effect of the approval
of FMPs and FSC certification on the loss of forest
cover in the Congo Basin.

Table 2. Predictions of the Main Causal Pathways Informing the Analysis

Variables tested in the

Prediction : : Pathway tested Expected impact
heretogeneity analysis
Less deforestation close to
Effectiveness of concession previous deforestation due to
planning, especially the rotation and ACA planning,
mapping of production series  avoiding the reharvesting
previously logged areas
] Distance to past
deforestation .
) . Less deforestation close to
Effectiveness of concession . .
L . previous deforestation due to
monitoring, especially control . .
. the reduction in illegal activi-
of access by closing former . )
. ties along former logging
logging tracks
tracks
Effectiveness of concession
planning, especially the Less deforestation close to
deﬁmt'on'Of areas fof populated areas due to the
) Distance to local community and agriculture promotion of sustainable
settlements development activities and better
monitoring of the extension
Effectiveness of the “social of settlements and cropland
contracts” of concessions
Less deforestation close to
Effectiveness of concession main transport networks
3 Distance to main roads monitoring, especially control  due to control of concession

of access

borders from from public
roads
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7.

What about Other
Forest Management
Systems?

In order to analyze these results in light
of other forest management systems that exist
in the Congo Basin, a comparative analysis of
forest management systems was also conduc-
ted. The same empirical methodology was used,
comparing management approaches against
one another, whenitis possible to find a control
group that is similar to the treated group and
therefore obtain satisfactory matching.

The results show that, after matching,
deforestation is statistically lower in protec-
ted areas compared to concessions, a result
that stands whether the protected areas are
national parks, other types of protected areas,
or protected areas as awhole, as well as logging
concessions as a whole or only concessions that
were active in 2010. Depending on the specifics,
deforestation is 73 to 77% lower.

Thisresultis further confirmed whenwe
compadre concessions with FMPs dating back
more than five years with control areas located
in protected areas: deforestation is then higher
inlogging concessions than in protected areas.
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Box 4 - And What about the
Decentralization Modalities for
Forest Management?

In Cameroon, the most advanced country

in terms of decentralization, other forest
management systems exist: community
forests [1] and communal forests, which
empower rural communities and communes
(municipalities) in order to foster sustainable
forest management. Community forests are
unique in that they fall within the jurisdiction
of the Ministry of Forestry, though they form
part of the non-Permanent Forest Estate. In
other terms, they are currently forested areas
but, unlike the Permanent Forest Estate, they
are zoned as areas that may be converted
to other land uses. In the case of community
forests, they are decentralized from the

state to a community, but remain state
property (Cuny, 2011). In contrast, in the case of
communal forests, there is a transfer of land
ownership from the state to the commune.
The effect of these two forest manage-

ment systems on deforestation is measured
compadred with logging concessions. Our
results suggest that, compared with control
areas located in logging concessions in
Cameroon, there is no statistically significant
difference of deforestation over 2000-2010 in
communal and community forests.
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8.
Discussion and
Concluding Remarks

Curbing tropical deforestation is
arguably a major environmental challenge. It
is therefore particularly important to evaluate
the effectiveness of policiesimplemented to that
end and to understand the underlying pathways
for their successes and failures.

This paper contributes to this effort,
revealing that the surface area that was
deforested between 2000 and 2010 is lower inthe
logging concessions of the Congo Basin that have
had their FMP approved for at least five years by
2005, as well asin concessions that obtained an
FSC certification before 2010. However, we find
no statistically significant difference in terms of
deforested surface area between concessions
that had their FMP approved during the second
half of the observation period compared with
similar concessions that were active but with no
FMP.This result draws attention to the importance
of the time frame of the study: the effect of FMPis
likely to build up and vary over time. Interventions
aiming to foster FMP implementation and forest
certification should therefore be evaluated over
long time frames.

Evidence from concession-level analysis
suggests that FMPs have allowed logging
companies to improve the planning of their
logging activities, thereby avoiding re-harves-
ting previously logged areas. Our results also
suggest that FMP concessions are more likely
to better control access into their perimeter,
and to have a better ability to curb defores-
tation around village communities located
within or nearby the concession. This is in line
with the theory of change that articulates how
adopting a FMP can help reduce deforestation
and confirms the value of investigating the spatial
heterogeneity of intervention impacts in terms
of policy and management (Bruggeman et all,
2018). Further research would nevertheless be
warranted toimprove the identification of these
pathways and the conditions under which they
have an effective and sustained influence on
deforestation. It would also be useful to investi-
gate the effects of FMP production and approvall
policies on forest degradation given that severall

impact pathways in the theory of change are
likely to result in greater effects in terms of the
reduction of forest degradation than in terms
of deforestation.

Our work covered the period between
1990 and 2010, during which few concessions
implemented forest management plans in the
Congo Basin. It would therefore be important
to extend the analysis and investigate whether
a decrease in deforestation was experienced
between 2005 and 2015 in the concessions that
had their FMP approved between 2005 and 2010. It
would also be worthwhile examining whether the
area of avoided deforestation increases further
when forest management plans are assessed
over even longer time periods. We can indeed
wonder how deforestation unfolded over longer
periods of observation in concessions that had
their FMP approved between 2000 and 2005.

Answering the above questions is a
natural extension of our work here, and will help

improve our understanding of the best
policy responses to develop and protect forest
resources. This would also help us determine
whether organizing concessions with FMP
production and approval policies is effective in
preventing deforestation inlogging concessions.

Likewise, the adoption of forest manage-
ment plans and certifications is also expected
to bring benefits other than reduced deforesta-
tion, notably improving biodiversity and wildlife
conservation,decreasing forest degradation, and
improving living standards for local communi-
ties. Future work should therefore address other
potential FMP impacts in the Congo Basin, and
reveal whether lower deforestation has come
at the expense of other dimensions of develop-
ment and conservation.
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