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Basing ecosystem management and conservation on the best available science is essential
to meeting intended goals and minimizing surprises. To design effective, efficient, and
equitable policies for the REDD+ initiatives, requires that drivers of deforestation and forest
degradation are correctly identified, and that the ecological context of those drivers is
correctly understood. Contemporary forest ecology and management are based on the
recognition that forest ecosystems are dynamic, and that those dynamics are often driven
by both anthropogenic- and naturally induced disturbances. Here we examine the degree to
which the dynamic view of ecosystems is incorporated into the design of REDD+ initiatives.
We conducted content analysis of the World Bank’s Forest Carbon Partnership Facility’s 36
REDD+ participating countries’ Readiness Plan Idea Notes and/or Readiness Preparation
Proposals. Across the 36 countries, drivers of deforestation and forest degradation could be
grouped into categories of institutional policies, political-economic contexts and social
settings. The result of our content analysis indicates that there is a lack of discussion of the
dynamic character of ecosystems and of the potential influence of natural disturbances on
the identified drivers of deforestation and forest degradation. We argue that REDD+ initia-
tives must take into account knowledge of natural disturbance regimes (including the size,
frequency and severity of key disturbances) in their framing of the drivers of deforestation
and forest degradation in order to better understand the ecological stage on which these
projects will be implemented after the piloting phase. This paper proposes four approaches
to integrate understanding of natural disturbances with the socio-political and economic
drivers of deforestation and forest degradation within REDD+ participating countries.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Pickett and Thompson, 1978), forest management (e.g.,
Attiwill, 1994), and other initiatives. However, some important
conservation efforts may still be inconsistent with contempo-

Basing ecosystem management and conservation on the best
available science is essential to meeting intended goals and
minimizing surprises. Accordingly, over the past decades
much effort has been placed on incorporating correct
ecological understanding into the design of reserves (e.g,

rary ecological understanding. The possibility of significant
international payment for projects aimed at reducing emis-
sions from deforestation and degradation (REDD+) has
attracted more than 50 tropical countries to pilot over 300
REDD+ projects (CIFOR, 2012). Academic and policy-oriented
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literature on REDD+ has been prolific within the last decade. Its
central focus has been on addressing the technical issues -
defined largely by the scientific and policy communities - that
will improve the design and implementation of REDD+ so that
its outcomes achieve the goals of effectiveness, efficiency and
equity (Angelsen et al., 2012). Some studies have argued that
the effectiveness, efficiency and equity of REDD+ initiatives
require that drivers or root causes of deforestation and forest
degradation are correctly identified so that incentive mecha-
nisms could be appropriately established to alter the existing
institutional, political and economic agents or motivations
that have promoted deforestation and forest degradation
(Verchot and Petkova, 2010; Kissinger et al., 2012). Others have
hinted at the significant roles of ecological drivers, particularly
natural disturbances, as potential risks that can compromise
the integrity of REDD+ initiatives (Angelsen, 2008; Parrotta
etal., 2012). Research on the influence of natural disturbances
on the structure, composition and function of forest ecosys-
tems has been one of the dominant themes for contemporary
scientific studies on forest ecology and management (Dale
etal., 2001; Oliveira et al., 2007; Long, 2009). In that context, this
paper explores the extent to which the overarching framework
within which identified drivers of deforestation and forest
degradation are examined and understood for the purposes of
REDD+ initiatives is consistent with contemporary scientific
knowledge on natural disturbances.

This paper discusses the roles of natural disturbances in
the context of sustainable forest management initiatives in
general and emphasizes the potential relevance of this to
understanding the drivers of deforestation and forest degra-
dation identified in REDD+ participating countries. First, we
briefly discuss select studies of natural disturbances and their
roles in contemporary theory and practice of forest manage-
ment initiatives. Second, we discuss the emergence and types
of REDD+ initiatives. Here, we identify the 36 participant
countries of the World Bank’s Forest Carbon Partnership
Facility (FCPF) that we selected for content analysis. Third, we
present our findings of the analysis. Results demonstrate that
drivers of deforestation and forest degradation identified in
the 36 countries lack consideration of the dynamic character
of ecosystems and the potential role of natural disturbances in
maintaining those dynamics. We discuss these findings and
compare them to other studies (Angelsen et al., 2012; Kissinger
et al., 2012) of these 36 countries that have drawn similar
conclusions. Based on our analysis, we argue that the
ecological stage on which REDD+ initiatives are implemented
might be based on incomplete understanding of the dynamic
character of forest ecosystem, which may raise concerns
related to the effectiveness, efficiency and equity of the
initiatives. Finally, in the fourth section, we propose four
strategies of incorporating studies on natural disturbances in
current and future REDD+ initiatives.

2. Forest ecology and management
2.1. Contemporary theory and practice

It is important to briefly examine contemporary ecological
thought in order to appreciate its relevance for natural

resources management practices. Current theoretical per-
spective on sustainable resource management are the result of
an important paradigm shift in ecological literature in which, a
stable and mechanistic worldview, which used to provide the
foundation for much of the past strategies for natural resource
research and management, has been replaced by a more
dynamics view of ecosystems (Botkin, 1990; Kulakowski and
Veblen, 2006; Morgan et al., 1994). Earlier works that analyzed
the classical models and methodologies of ecological stability
theory are well summarized in May (1971, 1972). A substantive
review of contemporary forest ecology and management,
landscape ecology, and conservation biology literature sug-
gests that natural disturbances are fundamental to the
structure and function of many forest ecosystems, and thus
sustainable forest management should be based on the
ecological understanding of the processes that drive periods
of gradual and relatively rapid change, the latter being driven
by disturbances (Moore et al., 2008; White and Jentsch, 2001).
As the recognition of the dynamic character of ecosystems and
the important role of disturbances in driving these dynamics
hasbeen an important shift in perception over the past several
decades among scientists and resource managers (Botkin,
1990; Pickett and White, 1985), it is important to assure that
modern initiatives aiming at sustainable management of
natural resources are based not only on the best possible
socio-economic understanding, but also on the best available
ecological understanding.

Studies of natural disturbances have a long history in
vegetation ecology. Research had focused on the importance
of disturbance as an ecological factor in various habitats and
communities (Pickett and White, 1985), disturbance regimes
(Kulakowski and Veblen, 2006; Turner et al., 1993), functional
adaptations of plants (Walker et al., 1999), responses of
ecosystems (Johnson et al., 1998), and restoring disturbance as
an ecosystem process (Covington et al., 1999). It should be
acknowledged that disturbance has been defined variously in
different context. For Pickett and White (1985), a disturbance is
defined as “any relatively discrete event in time that disrupts
ecosystem, community, or population structure and changes
resources, substrate availability, or the physical environ-
ment”’. We adopted this definition of disturbance in this paper.
Disturbances in forest communities include fires, insect
outbreaks, storms, floods, and other events that alter
demographic processes or resource availability (Hobbs and
Huenneke, 1992). Pickett and White (1985) also recognized that
some natural disturbances, such as fires and landslides, might
have their origins in human activities. Recent studies have
generally made the distinction between human-induced and
natural disturbances based on the origin of the disturbance
(Dale et al., 2001; Raffa et al., 2008). For example, while fire
caused by lightening is considered as a natural disturbance,
fire used for agricultural activities might be considered as an
anthropogenic disturbance.

2.2. Natural disturbances: importance and application

There are several reasons for the importance of understanding
natural disturbances and theirs relevance to sustainable forest
management initiatives such as REDD+. First, natural distur-
bances are a primary cause of spatial heterogeneity in
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ecosystems, influencing competition, substrate and resource
availability (White et al., 2000). Second, disturbances often
influence ecosystem composition and structure long after their
occurrence, and thus understanding ecosystems requires an
understanding of their disturbance history (White and Jentsch,
2001). Third, natural disturbances have been important in
maintaining biotic diversity by acting as evolutionary forces
that have contributed to adaptations in the biota exposed to
them (Christensen et al., 1989). As such, ecologists no longer
consider natural disturbance as extraordinary and merely
destructive forces; instead they acknowledged the generality of
the occurrence of disturbances and the significance of their
influence on normal ecosystem development (White and
Jentsch, 2001). Furthermore, natural and human disturbances
interact (Kulakowski and Veblen, 2006), so studying the impact
of disturbances on both natural and cultivated landscapes must
take into account the synergistic effects of both natural and
human-induced disturbance regimes.

The recognition of the importance of natural disturbance
regimes in shaping ecosystem structure and function has been
incorporated into basic applications of ecological restoration
(Swetnam et al., 1999) and the design of nature reserves (Baker,
1992). Inboth cases, it was recognized that natural disturbances
are so central to basic ecological function that their occurrence
and effects must be explicitly considered in any restoration or
conservation initiative. Drawing from the concepts and studies
in island biogeography theory (MacArthur and Wilson, 1969),
Pickett and Thompson (1978) suggested the explicit consider-
ation of disturbance regime and patch dynamics in the design of
nature reserves. Pickett and Thompson (1978) argued that this
integrated knowledge provides the fundamental background
information to determine the “minimum dynamic areas,” or an
area large enough to contain within it multiple patches in
various stages of disturbance or recovery such that internal
recolonization can contribute to the maintenance of the overall
ecosystem. Based on a computer simulation study, Shugart and
West (1981) suggested that disturbances could be incorporated
within land areas about 50 times the size of disturbances. Baker
(1992) also suggested that reserve should be placed in such a
way that both the disturbance initiation zones and disturbance
export zones are contained within the reserve. Moreover,
reserves should include some of the spatial variation in the
disturbance regime such that topographic and other variation
enables species with a variety of life history strategies to persist
(Baker, 1992). We emphasized these classic studies not because
we believe all REDD+ initiatives are based on the design of
nature reserves, but instead because the incorporation of
natural disturbances into the design of nature reserves was a
major advancement that brought these conservation efforts
into alignment with the best available science. As such, these
examples provide precedents to REDD+ policymakers on how
knowledge of ecosystem dynamics and especially natural
disturbances could be integrated into the design of REDD+
initiatives.

3. REDD+ initiatives

Given the importance of natural disturbances and the
dynamic character of ecosystems in contemporary ecological

thinking and management, it is essential to examine the
degree to which these concepts are incorporated into the
design of REDD+ initiatives.

3.1.  The state of REDD+ negotiations

Since its inception, REDD+ has evolved as a concept that
means different things to different countries, organizations,
and individuals. For its policy proponents, REDD+ is based on
the simple notion that countries that are willing and able to
reduce emissions from deforestation and forest degradation
by strengthening or establishing new forest conservation
institutions and policies, should be financially compensated
for doing so (UN-REDD Programme and UNEP-WCMC 2010).
Overall, REDD+ represents a form of global environmental
governance that transcends multiple structures of decision-
making and organizations, assembles actors with diverse
interests, and translates into numerous implementation
procedures. Angelsen et al. (2009) further argued that across
and within the REDD+ participating countries, the forest,
socio-economic and policy contexts vary significantly, leaving
project proponents and participants in a complex world that
defies simplistic explanation, and yet requires clear and
simple policies. Even though deforestation and forest degra-
dation are often combined together as the acronym REDD+
suggests, they have distinct drivers and result in different
forest conditions making the processes of identifying and
abating deforestation and forest degradation very different
(Myers Madeira, 2008; White and Minang, 2011). Hence, it is
important to clarify the differences. The Intergovernmental
Panel on Climate Change (IPCC) defined ‘deforestation’ as the
permanent removal of forest cover and withdrawal of land
from forest use, whether deliberately or circumstantially.
Forest conversion to pasture, cropland, or other managed uses
is considered the same as deforestation unless noted other-
wise. The UNFCCC and IPCC employ a minimum crown cover
criterion of 10-30 percent to differentiate between forests and
non-forests. If crown cover is reduced below this threshold,
deforestation has occurred (Myers Madeira, 2008). Forest
‘degradation’, in the context of REDD+ project, is the result
of selective logging, grazing within forests, understory fires,
and over-cutting for fuelwood and subsistence agriculture
(Myers Madeira, 2008). Forest degradation can lead to
cumulative thinning of some forests which can then result
in deforestation (Asner and Broadbent, 2006).

Itis essential to distinguish between REDD+ initiatives that
follow the UNFCCC'’s decisions and are supported through the
start up funding from the World Bank’s FCPF and the UN-REDD
Programme from other REDD+ initiatives that are established
outside the auspices of the UNFCCC, and are funded through
voluntary market mechanisms. This paper focuses on
examining drivers of deforestation and forest degradation
identified in the World Bank’s FCPF’s REDD+ participating
countries. The FCPF was launched at COP 13th in Indonesia,
and became operational as the global partnership on REDD+ in
June 2008 (Bosquet and Aquino, 2011). As a major stakeholder
in the REDD+ institutional landscape, the FCPF has created a
normative framework that requires each of its 36 participant
countries (13 in Africa, 15 in Latin America and the Caribbean,
and 8 in Asia-Pacific) to propose the Readiness Plan Idea Note,
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which will then be developed into the REDD+ Readiness
Preparation Proposal (R-PP). The proposal specifies the neces-
sary policies and systems, in particular by adopting national
strategies; developing reference emission levels; designing
measurement, reporting and verification systems; and setting
up REDD+ national management arrangements, including the
proper safeguards (UNFCCC, 2012). Each of the proposals also
provides an analysis of the historical and contemporary
drivers of land-use and land-cover change that have promoted
deforestation and forest degradation within the given country.

3.2.  Content analysis of the 36 REDD+ countries

Here, we examine what have been identified as the drivers of
deforestation and forest degradation in the World Bank FCPF’s
REDD+ participant countries, and whether those identified
drivers are consistent with contemporary understanding of
dynamic forest ecosystems and the associated roles of natural
disturbances. To do so, we conducted a content analysis of the
national documents that countries have submitted to the
World Bank. National policy documents of the 36 countries are
openly available from the Bank’s website (see http://www.for-
estcarbonpartnership.org/fcp/node/203). The  participant
countries vary in their geographical distributions and the
stages of REDD+ participation. For example, some countries
have just completed their Readiness Plan Idea Notes, while
others have finished their Readiness Preparation Proposal
(Table 1). We drew upon literature on land-use and land-cover
change to code drivers of deforestation and forest degradation
in the 36 countries into two broad categories: proximate and
underlying (Geist and Lambin, 2002). Proximate causes include
human activities or immediate actions at the local level, such
as agricultural expansion, that originate from intended land
use and directly impact forest cover. Underlying driving forces
on the other hand are fundamental social processes, such as
human population dynamics or agricultural policies, which
underpin the proximate causes and either operate at the local
level or have an indirect impact from the national or global
level (Geist and Lambin, 2002). We paid particular attention to
the identification and description of natural disturbances that
were identified and discussed in the 36 policy documents (e.g.,
insect outbreaks, fires, and other factors identified in Section
2.1). Coding and analysis was done using Nvivo 10. software.

3.3.  Findings

We summarized all the drivers that were identified in each of
the 36 REDD+ countries (Table 2) and further categorized these
drivers into thematic groups (Table 3). Ecological factors, in
particular natural disturbance regimes, were rarely identified
as one of the factors that lead to deforestation and forest
degradation in the 36 countries (Tables 2 and 3). In most cases,
there is no mentioning of this topic in the reviewed national
documents. This is alarming because, as argued in the
introduction section of this paper, natural disturbances have
increasingly been recognized by forest ecologists and conser-
vation biologists as critical ecosystem processes that shape
landscapes, accentuate the inherent complexity in patterns of
landscape cover, and create habitats for species (Lindenmayer
and Hunter, 2010; Moore et al., 2008). These results are

consistent with other recent studies that have suggested that
the drivers of deforestation and forest degradation identified
in REDD+ participating countries lack considerations on
natural disturbances (Angelsen et al., 2012; Kissinger et al.,
2012). Therefore, while REDD+ initiatives might have promis-
ingimplications that are based on a nuanced understanding of
the dynamic interactions of socio-political and economic
variables, it is less clear that the understanding underlying
these projects takes into consideration the potential impor-
tance of knowledge on the structure and function of the
ecological systems in which the projects are proposed, in
particular natural disturbances.

4, Discussion

Thus far, we examined factors that were identified as the
drivers of deforestation and forest degradation within the
context of the World Bank’s REDD+ initiatives from the
perspective of contemporary forest ecology. While much
literature argues that natural and human disturbances
interact to pose important problems for natural resources
management projects (Holling and Meefe, 1996; Rudel et al.,
2009), REDD+ initiatives — an ideal example of contemporary
forest management projects — do not pay adequate attention
to these dynamic interactions. Ecological literature has long
recognized that the continued existence of particular species
or communities often requires disturbance of some sort, and
consequently, disturbance regimes must be integrated with
management policies (White and Jentsch, 2001). This contem-
porary understanding of dynamic ecosystems and the impor-
tance of natural disturbances in driving those dynamics, we
argue, must be utilized to improve the design of the REDD+
initiatives because the stage upon which REDD+ initiatives
unfold is an active and ever-changing one due to the dynamic
character of ecosystems and naturally induced disturbances.

Disturbance frequency, extent, and severity vary across
biophysical settings and geographic gradients such that some
ecosystems may be subject to large and/or infrequent
disturbances, while others may be subject to smaller and/or
more frequent disturbances. Natural disturbances vary from
the removal of a single plant to the synchronous death of the
whole forest (Peet, 1991). We argue that it is essential to
correctly understand the disturbance regime of an ecosystem
in designing and managing areas for REDD+ initiatives just as
it is for other forms of ecological management (Baker, 1992;
Pickett and Thompson, 1978). Ignoring the potential role
natural disturbances may play in a given system might lead to
an implicit assumption that natural disturbances are not
important and that, in effect, ecosystems are static. Such
oversights may lead to unforeseen surprises because forest
disturbances affect regeneration, carbon dynamics, and other
aspects of structure and function and because they can
compound the effects of anthropogenic disturbances (McKen-
zie et al., 2004). Indeed, from this alone, it follows that it is
impossible to realistically plan likely carbon emissions or future
forest conditions without understanding the natural and
anthropogenic disturbance regime of a given ecosystem. While
we acknowledge that it is important that REDD+ initiatives
address the institutional policies, political-economic contexts,
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Table 1 - Participant countries of the World Bank FCPF’s REDD+ initiatives sources: to download the following documents,

visit http://www.forestcarbonpartnership.org/fcp/node/203.

Regions Countries Documents Dates
Africa 1. Cameroon Readiness Plan Idea Note July 2008

2. Central African Republic Readiness Preparation Proposal September 2011

3. Congo, Democratic Republic of Readiness Preparation Proposal July 2010

4. Congo, Republic of Readiness Preparation Proposal April 2010

5. Ethiopia Readiness Preparation Proposal May 2011

6. Gabon Readiness Plan Idea Note May 2008

7. Ghana Readiness Preparation Proposal December 2010

8. Kenya Readiness Preparation Proposal August 2010

9. Liberia Readiness Preparation Proposal May 2011

10. Madagascar Readiness Preparation Proposal October 2010

11. Mozambique Readiness Preparation Proposal March 2012

12. Tanzania Readiness Preparation Proposal October 2010

13. Uganda Readiness Preparation Proposal May 2011
Asia-Pacific . Cambodia Readiness Preparation Proposal March 2011

. Indonesia Readiness Plan Idea Note May 2009

. Lao People’s Democratic Republic

1

2

3

4. Nepal
5. Papua New Guinea
6. Thailand

7. Vanuatu

8. Vietnam

Latin America and the Caribbean . Argentina
Chile
Colombia
Costa Rica
. El Salvador
Guatemala
. Guyana

. Honduras
10. Mexico
11. Nicaragua
12. Panama
13. Paraguay
14. Peru

15. Suriname

O ONOU B WN R

. Bolivia, Pluri-national State of

Readiness Preparation Proposal
Readiness Preparation Proposal
Readiness Plan Idea Note
Readiness Plan Idea Note
Readiness Plan Idea Note
Readiness Preparation Proposal

Readiness Preparation Proposal
Readiness Plan Idea Note
Readiness Plan Idea Note
Readiness Preparation Proposal
Readiness Preparation Proposal
Readiness Plan Idea Note
Readiness Preparation Proposal
Readiness Preparation Proposal
Readiness Plan Idea Note
Readiness Preparation Proposal
Readiness Plan Idea Note
Readiness Plan Idea Note
Readiness Plan Idea Note
Readiness Preparation Proposal
Readiness Preparation Proposal

December 2010
September 2010
July 2008
March 2008
July 2008
November 2011

June 2010
March 2008
January 2012
September 2011
August 2010
February 2009
January 2012
March 2010
February 2009
February 2010
July 2003
April 2008
July 2008
March 2011
January 2009

and social settings that drive deforestation and degradation, we
argue that sufficient attention on the natural disturbance
regimes of the proposed REDD+ project area — which might
include fires, droughts, hurricanes, pathogen and insect out-
breaks - is also required.

4.1. Research directions

We therefore propose that REDD+ initiatives incorporate, as
part of their foundation, studies that examine and describe the
history of and likely future trajectory of natural disturbance
regimes in the potential areas for the projects. One of the ways
to describe the disturbance history of a particular landscape is
to describe the dimensions of disturbance regimes relative to
the spatial and temporal dimensions of the ecological units in
question (White and Jentsch, 2001). In other words, we suggest
incorporating into REDD+ policy planning the concept of
“disturbance regime”, which Pickett and White (1985) advo-
cated as a conceptual framework for considering the char-
acteristics and consequences of disturbances, of the
coordination of spatial and temporal characteristics of
disturbances in a particular landscape. According to Pickett

and White (1985), the key potential descriptors of a distur-
bance regime include: spatial distribution; frequency (mean
number of events per time period; size of the area disturbed;
frequency; predictability; rotation period (time required to
disturb an area equivalent to the study area once)); magnitude
or severity; and the synergistic interaction of different kinds of
disturbances and their driving factors (e.g., climate or human
ignition sources). We anticipate that the integration of an
understanding of disturbance regimes to the reconceptualiza-
tion of the drivers of deforestation and degradation within a
REDD+ country would require the following:

1. Identification of literature on natural disturbances in the
potential REDD+ countries; and description of those distur-
bance regimes. The amount of such literature varies across
countries and regions. For example, substantial ecological
research on fires, insect outbreaks and other natural forest
disturbances has been conducted in Argentina and Mexico
but much less in Cambodia or Ethiopia. Thus, new empirical
research would be required for some countries where
previous research on natural forest disturbances or historical
range of variability is lacking.
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Table 2 - Drivers of deforestation and forest degradation in the 36 FCPF’s participant countries.

Countries Drivers of deforestation and forest degradation
Proximate Underlying
Argentina Unsustainable logging, plantations replacement and Insufficient coordination and alignment of public policies that
small farmers plantations affect forests
Urban development Historic implementation deficit in the forest sector and
Human-induced forest fires implementation of land planning tools
Unsustainable activities of small and medium Insufficient allocation of resources and institutional capacities for
farmers, specially livestock grazing monitoring and forestry development
Soybean cultivation and infrastructure development  High opportunity cost of land and insufficient incentive to
conserve and sustainable use of forests land uses
The value of standing forest is very low
Lack of regularization of land tenure and related conflicts
Bolivia Advancement of agricultural frontier Low prices of land in Bolivia
Slash and burn practices caused by migrants and Increases in the price of soy and bio-energy market dynamics
colonists Weaknesses in the governance of forest and agricultural sectors
Forest fires for forest clearance in agricultural Migration to lower lands due to food insecurity
expansion and slash and burn practices Forest road development that leads to further colonization and
Infrastructure development — roads and gas pipelines deforestation
Mining activities
Cambodia Unsustainable and illegal logging Population increases
Unsustainable wood fuel collection Migration into forest areas
Clearance for agriculture Social norms (claiming land through utilisation)
Expansion of settlements Increasing accessibility of forest areas
Regional demand for resources
Weak forestland tenure
Lack of a fair and transparent conflict resolution mechanism
Insufficient implementation of land-use planning
Low economic benefits provided by forests at the national level in
comparison with alternatives
Low awareness of environmental roles of forests
Cameroon Development of agricultural activities Demographic growth

Central African

Illegal exploitation of timber

Exploitation of fuelwood

System of industrial exploitation in Forest
Management Units

Numerous projects linked to the development of the
mining sector

Unsustainable extensive livestock farming

Framework of the Strategic Document concerning the growth and
reduction of poverty

Anthropogenic uses of fires (hunting, grazing areas)

Cultural causes - the system of inheritance in the forest zones

Lack of policy coordination and weak institutional capacities

Republic Slash and burn agriculture Lack of dissemination of technical tools
Development of cash crops (rubber tree, cotton, Weak economy largely based on the exploitation of natural resources
coffee) High population growth and rural exodus
Uncontrolled harvest of timber and NTFPs Lack of understanding of the notion of environmental common good
Development of Infrastructure (roads/bridges, Insecurity and political/military conflicts
mining, housing)
Chile Over extraction of high-value logs and fuel wood Poverty of small landowners
Livestock grazing Lack livelihood alternatives
Colombia Extension of agricultural and livestock frontier Demographic, economic, political/institutional, technical,
Illicit crops environmental, or cultural factors
Settlement/displacement of populations Expansion of the agricultural frontier and colonization,
Infrastructure - energy-related activities, roads, etc. Development of illicit crops
Mining activities
Removal of timber for sale or personal consumption
Congo, Infrastructures extension Demographic factors (natural increment, migration, and
Democratic Transportation development (road, railway, river population density and distribution)

Republic of

road)

Settlements - migration toward forest

Public services (water lines, electrical grids, fuel
wood, charcoal)

Mining exploitation (informal vs. formal)

Private infrastructure (hydropower, oil exploitation)

Economic factors (market growth and commercialization,
economic structures, urbanization and industrialization)
Technological factors (agro technical changes, techniques in the
wood-energy sector)

Policy and institutional factors (corruption, mismanagement,
land tenure issues and property rights

Cultural factors (public attitudes, values and beliefs, individual
and household behaviors seeking short-term immediate gains)
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Table 2 (Continued)

Countries Drivers of deforestation and forest degradation
Proximate Underlying
Congo, Unsustainable slash-and-burn practices Absence of a national land-use plan:

Republic of

Costa Rica

El Salvador

Ethiopia

Gabon

Ghana

Unsustainable production and consumption of
fuelwood

Unsustainable or even illegal logging; and
Urban development

Establishment and expansion of agriculture and
livestock

Promotion of commercial crops such as coffee and
sugar cane

Rural settlement policies

Expansion of agricultural frontier
Logging to obtain firewood and timber
Construction of shrimp and salt

Illegal logging for timber, and
Establishment of salt and small shrimp
Urbanizations and housing development

Expansion of traditional agriculture

Expansion of large scale development activities
Settlement programs

Wood extraction & other forest products collection
Human-induced forest fires

Development of agricultural activities
Settlement of populations near urban areas and
Development of a blooming industrial mining
activity and infrastructure

Illegal logging for timber and construction

Timber harvesting - industrial and chainsaw logging
Non-mechanized agriculture and agricultural
practices

Agricultural expansion, land conversion for
beverage, oil and other crops

Small-scale agriculture and pastoralism

Energy - firewood and charcoal

Mining - large-scale and artisanal

Low access to inputs (credit, improved seeds, fertilizers)
Population growth creating a higher need for cultivated food
Poverty:

Lack of alternative energy sources adapted to low incomes
Weak forest governance by the state, the local collectivities and
their agents

Proximity of consumption and export areas

Operation of logging concessions without a preliminary
management plan

Infringement of low impact logging regulations

Absence of a national study on growth and recovery of tree
species

Lack of promotion and market opportunities for the so-called
secondary species

Absence or lack of respect of urban planning master plans

Opening of the meat markets in the United States,
Macroeconomic, especially political, demographic or
technological elements

Lack of approval by the Executive of the Forest Policy

Lack of managerial, technical and administrative capacity

Lack of knowledge, information and awareness by civil society
leading to continue illegal harvesting in forested areas

Unclear political commitment to define the limits of protected
areas and mangroves

Low land productivity within small properties schemes

Lack of adequate coordination among related entities, particularly
Ministries of Agriculture, Environment and local governments
(municipalities) and civil society

Lack of conditions that ensure private investments in the forestry
sector and integrate forestry production into broader productive
chains

Lack of a strategic framework that considers the role of the forest
sector into national development strategies

Deficiencies in the regulatory and institutional environment
Inappropriate regulation, or the absence of means of
implementation, combined with the absence of a strong,
dedicated forestry institution

Unclear, uncoordinated and overlapping roles and responsibilities
of relevant institutions

Demographic pressure

Improvement of communication networks leading to
development of new mining activities (gold, manganese, iron),
Price increase on agricultural markets and development of
biofuels

Weak regulatory and enforcement mechanisms and rights
regimes

Imbalances in forest exploitation, in favor of large-scale timber
industry

Population growth and urban expansion

Limited technology development in farming systems

High international prices for primary products (wood, agricultural
and minerals)

Policy and market failures in timber pricing

Low local purchasing power within agricultural economy
Natural causes — wind, natural fire events, floods, pests and
diseases
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Table 2 (Continued)

Countries Drivers of deforestation and forest degradation
Proximate Underlying
Guatemala Land use change High unemployment rate in the rural area
Firewood consumption Corruption
Human-induced forest fires Culture of clean crops
Illegal logging with industrial purposes Institutional weakness in monitoring and control
Flaws in market intermediation
Financial market
Inefficient public policies
Guyana Forest land conversion for agriculture - livestock, Lack of security on land tenure, user rights are disincentives to
crops, and aquaculture land and user rights
Forest land conversion for mining Mangrove improvement for sea defense purposes
Logging activities Limited utilization of NTFPs and Environmental services
Forest land conversion for roads Benefits sharing — lack of benefits sharing systems for REDD+
Forest land conversion for urban development practices
(housing)
Forest land conversion for energy development
Fires (agricultural fires and accidental burning of forest)
Honduras Forest fires impact Inequitable distribution of productive land induces migratory flows
Illegal logging to forest areas attractive for the apparent fertility of their soils
Disputes over land use
Poor planning and participative implementation of management
plans in protected areas
Government lack budget
Indonesia Rapidly growing of forest plantation and pulp and Population increase and increasing demand for food
paper industry Unplanned encroachment from communities of local people or
0Oil palm plantation other commercial forest users
Forest encroachment Insufficient incentives for communities and governments for
Unsustainable levels of logging from legally maintaining protected areas
permitted forest concessions Low capacity of institutions charged with managing the protected
Illegal logging at small and large scales areas
Kenya Allowing grazing in forest reserves Poor governance, including weak institutions, corruption, illegal

Unsustainable charcoal production/large urban
market for charcoal fuel

Conversion of trust-land woodland to agricultural
use for large-scale commercial production of bio fuel
crops or other agricultural crops

Other agricultural expansions

Conversion of coastal forest to other uses

Lack of knowledge and use of appropriate
technology in tree growing, and nurseries
production

Lack of knowledge by the population about impacts
of deforestation

Improved saw milling technology

Fires used in agricultural clearing, inadequate
capacity to manage fires

logging, weak law enforcement

Weak community participation in forest management
Inadequate benefit sharing from forest resources (including
revenue sharing)

Local authorities do not value their forests

Communal land systems - lack of private ownership of the
resources/land

Unclear tenure and access to forest resources (e.g., Local
Authority forests)

Agricultural policies urging farmers to produce more cash crops
for export

The focus on gazette forests has led to reduced attention on dry
land woodlands and other types of forests including coast and
riparian forests

Harvesting ban in plantation forests

Inadequate integration of the forest sector into the economy and
national accounting

High prices for agricultural products

Subsidies/incentives — tax exemption for fertilizers, for farming
tractors

Fixing timber prices at too low levels

Lack of security of supply of timber to the sawmilling industry
(low investment in timber processing technology, poor timber
conversion ratios)
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Table 2 (Continued)

Drivers of deforestation and forest degradation

Countries

Proximate

Underlying

Lao People’s
Democratic
Republic

Liberia

Madagascar

Mexico

Mozambique

Pioneering shifting cultivation
Infrastructure/hydropower developments
Unsustainable wood extraction

Agricultural expansion and the establishment of
industrial tree plantations

Commercial and chainsaw logging

Shifting cultivation

Plantation and permanent agriculture

Charcoal production

Development of onshore oil wells and pipelines
Mineral extraction and mining

Forest conversion for agriculture

Unsustainable logging

Livestock grazing

Unsustainable consumption of fuel wood

Land conversion for slash-and-burn subsistence and
cash crop agriculture

Uncontrolled trend of small-scale mining and illegal
operations

Strong dependence on wood for energy needs
(fuelwood, charcoal)

Non compliance with the provisions of the contract
and PAG for legal operations

Zebus penning in forests

Fires for pasture renewal

Limited utilization of forested areas
Uncontrolled livestock activities in forested areas
Uncontrolled logging (over exploitation and/or
illegal logging)

Conversion to pasture land

Slash-and burn agriculture

Unsustainable agriculture practices throughout the
country

Unsustainable production of biomass energy and
inefficient consumption

Construction materials (poles in particular)
Unsustainable and illegal logging

Uncontrolled fires

Infrastructure (settlements, roads, electricity
transmission)

Mining and settlements (horizontal expansion of
urban areas)

Weak control and monitoring of forest management activities
Growing domestic/international demand

Weak governance, insufficient capacities of local authorities
Inadequate extension services, inadequate budget allocation
Insufficient availability of information and appropriate
technologies

Consumption pattern especially in neighboring countries and
overseas

Weaknesses in regional/international rules and cooperation
Insecure land tenure

Overemphasis on commercial forest use over conservation and
non-destructive uses

Ineffective regulatory supervision

Corruption of forest service

Lack of capacity to implement sustainable forest management
and prevent unsustainable or unregulated logging

Lack of forest monitoring, evaluation and certification processes
High international demand and prices

Unsatisfied local markets (inadequate supplies at wrong prices)
Excess processing capacity

Unregulated cross border trade in forest products
Impermanent agriculture comprising small plots without fixed
investment in productivity

Access to forest land enabled by forest roads and capacity for land
clearance enhanced by chainsaw logging

Lack of accessible markets to justify investment in productivity
and larger production units

Need to provide subsistence food requirements, particularly in
response to internal migration and resettlement after war
Need to meet deficit in domestic food production

Lack of coordinated land use planning

Inefficient cooking fuel for food preparation

Unsustainable agricultural and development policies

Poverty and precarious livelihoods of households

Lack of financial incentives for sustainable resources use
Inefficient transformation industries

Lack of diversification and professionalization actors

Forest governance failure

Unrestrained population growth and migration in forests areas
Strong increase of the demand and prices of timber and relate
products

Poverty

Poor command of harvesting, transformation, and carbonization
techniques

Governance failure and corruption

Lack of investment in forest related industries

Low forestry related opportunity costs

Lack of security on user rights

Poverty and lack of forestry related income opportunities
Government subsidy programs

Rapid population increase

Limited extension network and limited access to technologies
and markets

Demand for commodities in international markets
Investment policies and taxation including royalties
Increasing large scale plantations

Limited law enforcement capacity
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Table 2 (Continued)

Countries Drivers of deforestation and forest degradation
Proximate Underlying
Nepal Illegal and unsustainable harvest of forest products Inefficient forest product use
Human-induced forest fire Weak governance and governance vacuum
Encroachment Inefficient distribution mechanisms for timber and firewood
Overgrazing Market failure
Infrastructure development Poverty and lack of livelihoods opportunities
Resettlement High cross border demand for forest products
Expansion of invasive species Insecure tenure
Insufficient technical inputs
Poverty and lack of livelihoods opportunities
New economic growth prospects (e.g., oil and gas, transmission
lines, cement factory, airport, hydropower dam, etc.)
Poorly enforced planning regulations
Lack of proven eradication practices
Nicaragua Forest fires used for expanding the agricultural Forest sector has not been a matter of priority on the agenda of
border the Government
Illegal logging Low valuation for environmental and economic services
Natural phenomena - hurricanes over the past 20 Severe budgetary constraints of the institution administering the
years forest scheme
Insecurity in land tenure Weak institutional and inter-agency coordination
Lack of market for financial compensation for environmental
services
Panama Irresponsibility uses of fires Excessive development frameworks
Traditional and mechanized agricultural practices Extreme poverty
Practices of extensive stockbreeding Culture of the pasture and the incorrect appraisal of the forest
Taking advantage of forests in a disorderly and resources
unsustainable manner Low level of education and environmental culture
Inadequate practices for the exploitation of the Badly planned urban development
mining resources
Papua New Shifting cultivation Not specified in the document
Guinea Commercial logging
Large-scale commercial agriculture
Human-induced forest Fires
Mining and petroleum exploration and development
Infrastructure development
Settlements and urbanization
Natural sources (Earth quakes, volcanic eruptions,
tectonic movements, landslips, and flooding)
Paraguay Slash and burn activities to open areas for Competition from illegal forestry activities that pay little or no

agriculture and livestock

Expansion of the agriculture frontier exacerbated by
a steady increase on commodities prices such as
soybean

Road, dam and commercial fishing development
projects

Inadequate use of fire

Unsustainable forestry activities

taxes and deal with little bureaucracy

Few options for long-term financing of sustainable forestry
operations or little knowledge of how to access them

High perception of risk regarding products and companies of
Paraguayan origin leading to lower prices or less potential for
joint-ventures

Little entrepreneurial culture to generate innovative ventures
Insecurity with regard to land tenure and long-term ownership of
forests

Relatively inexpensive land

Close proximity to Brazil

Improved infrastructure through multilateral bank investments
in the road system,

Increased beef and milk processing capacity

Reduced or total absence of social pressures from invasion and
expropriation
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Table 2 (Continued)

Countries Drivers of deforestation and forest degradation
Proximate Underlying
Peru Expansion of agricultural and livestock-raising Poverty and inequity among forest residents
frontier Lack of skills and tools for appropriate forest use
Construction of road, and hydropower Population growth and greater access to forests
infrastructure Uncontrolled internal migration and greater access due to
Urban expansion infrastructure
Mining activities Economic development programs without sufficient management
Inappropriate use of forest resources of environmental impact assessment requirements
Unsustainable logging Overlapping of land tenure categories
Forest fires for agricultural purposes Uncertain land tenure status of native communities
Lack of understanding of forest management
Lack of control and monitoring system
Corruption, illegality and informality
Unregulated domestic wood market
Deficient institutional coordination
Overlapping of responsibilities on forestry issue
Lack of civil society participation in program development and
decision making
Suriname Mining - bauxite and gold Weak enforcement and monitoring of mining activities
Slash and burn agriculture Increased accessibility of the interior due to road building
Energy production Development and accessibility to specialized mining methods
Infrastructural developments Weak enforcement and monitoring mechanism on logging
activities
Insufficient awareness about REDD and the importance of
sustainable forest management
International demand for timber and timber products
Increased accessibility of the interior
Poor land use planning
Increased housing construction projects (public grand private
sector)
Increased industrial activities excluding mining and agriculture
Finance sources available that do not require ESIA
Export Act regarding Agriculture and Forest products
Tanzania Agricultural expansion and human settlements Market failures
Overgrazing Policy failures
Timber extraction, firewood and charcoal Rapid population growth and rural poverty
production
Uncontrolled fires during land preparation for
shifting cultivation, collecting honey, making
charcoal, hunting or livestock grazing
Development of infrastructure/industry (road and
railway construction, industries, hydroelectric
projects and mineral and oil extraction)
Land clearing for refugee campsites, construction
material, fuelwood and agricultural crop production
Bio-fuel production
Thailand Shifting cultivation and forest fires Not specified in the document
Land resettlement, dam and road construction and
conversion to agricultural use
Demand for land for subsistence farming, rubber
plantation
Commercial agriculture, physical infrastructure,
land development for tourism
Uganda Agricultural encroachment into forested land Agricultural policies

Unsustainable charcoal production
Unsustainable firewood and timber harvesting
Livestock grazing and bush burning
Settlement and urbanization

Oil exploration

Population growth

Uncertainty over access and use of forest resources

Poorly defined modalities for stakeholder engagement

Weak coordination among various actors in forestry management
Weak institutional capacities for enforcing forestry policies and
legislation
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Table 2 (Continued)

Countries Drivers of deforestation and forest degradation
Proximate Underlying

Vanuatu Subsistence land use Need stronger link between forestry and agriculture, through
Conversion to agriculture and subdivisions agroforestry
Activities of international logging companies Institutions need to meet the development needs of the forest
Urban and peri-urban infrastructure development sector whilst allowing natural forests to remain protected where

possible and appropriate
Vietnam Forest conversion to agriculturally cultivated land National and provincial policies and plans for expansion of

Infrastructure development and hydropower plans
Unsustainable and illegal logging
Forest fires from slash and burn practices

agriculture

Forest classification systems and procedures

Weak law enforcement and impunity for land encroachment
Undervaluing forest goods and services

Poverty alleviation

Traditional agricultural practices

Population growth and demand for energy

Poor planning and consideration of environmental impacts
Lack of appropriate mitigation and compensation measures
Weak accountability mechanisms for planning and approval of
development projects

Lack of legal safeguards

Poor awareness and knowledge and data gaps

2. Establishment of the spatial and temporal frame of account for natural disturbances of a given country or

reference to compare the different data sets by document-
ing how the observations within the existing literature and
empirical fieldwork were conducted.

3. Utilization of the understanding of disturbance regimes to
determine the appropriate size of areas to be set aside to

region. That size will vary spatially across ecosystems and
biophysical settings and temporally with climatic fluctua-
tions. For example, in regions in which natural distur-
bances are large, even if infrequent (for example, occurring
on the order of centuries), areas set aside for REDD+ should

Table 3 - Thematic drivers of deforestation and forest degradation in FCPF’s 36 REDD+ participant countries.

Proximate drivers

Underlying drivers

1. Agricultural encroachment into forested lands, e.g.
- Shifting or slash-and-burn cultivation
- Weak extension systems
- Unsustainable activities of small and medium scale farmers
- Soybean cultivation
- Permanent cultivation (large-scale commercial agriculture)
- Livestock grazing
- Bush burning
2. High dependency on forests and forest products, e.g.
- Unsustainable charcoal production, Limited access to
alternative sources of energy
- Poor conversion technology
- Unsustainable firewood harvesting practices
3. lllegal logging and unsustainable timber harvesting
4. Wild fire by hunters and livestock herders
5. Infrastructure development, e.g.
- Transportation (e.g., roads, railways, river roads)
- Settlement
- Urbanization
6. Mining and oil exploration, e.g.
- Development of on-shore oil wells and pipelines
- Mineral extraction and other mining activities

1. Demographic factors, e.g.

- Population increase and distribution
- Migration in forest areas

2. Economic factors, e.g.

- Land speculation

- Low economic benefits provided by forests at the national level
in comparison with alternatives

- Policies for market growth and commercialization

- Unregulated cross-border trade in forest products

- Poverty and precarious livelihoods of households

3. Technological factors, e.g.

- Agro technical changes (in/extensification)
- Poor agricultural practices and resultant soil degradation
- Greater access to forest lands due to infrastructure development

4. Policy and institutional factors, e.g.

- Unclear/weak forest tenure system
- Deficient and insufficient coordination and alignment of public
policies that affect forests
- Insufficient allocation of resources and institutional
incentive to conserve and sustainable use of forests land uses
- Insufficient implementation of land-use planning
- Corruption of forest service
- Lack of civil society participation in program
development and decision making

S. Cultural factors, e.g.

- Public attitudes, values, beliefs (unconsciousness,
mentality oriented on colonization of forest)

- Individual and household behaviors (seeking short-term
immediate gains)

- Social exclusion of forest resident
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also be large enough to minimize the possibility that a large
portion of any given project area would be disturbed by a
single event, which would clearly alter the efficacy of the
project area in sequestering and storing carbon and
otherwise meeting the stated needs of the initiative.

4. Determination of the spatial and temporal patterns of the
dominant natural and anthropogenic disturbance regimes
and the integration of this understanding with the
institutional, political, economic and social causes of
deforestation and degradation.

5. Conclusion

The World Bank’s REDD+ initiatives have the potentials to
deliver benefits to human societies and forest ecosystems.
However, to ensure that those benefits are achieved, an
improved understanding of how the drivers of deforestation
and degradation are identified within the context of REDD+ is
required. It should be acknowledged that the goal of this paper
is not to comment on the validity or credibility of those
political, social and economic factors identified as drivers of
deforestation and forest degradation in the 36 national policy
documents that we reviewed. Rather our main objective has
been to draw attention to the lack of consideration of
underlying ecosystem dynamics, in particular natural distur-
bance regimes, that may be driving and/or interacting with
those identified drivers. It cannot be known “how important”
natural disturbances are for a given REDD+ participating
country, until research is conducted in that country - and this
not knowing is a major vulnerability in the current design of
REDD+ projects. Thus we suggest that there is an urgent need
for more research in REDD+ participating countries on the
roles of natural disturbances.
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