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Abstract 
We address the controversy over REDD+ financing for commercial loggers who reduce emissions by adopting improved forest 
management (IFM).  We argue that REDD+ incentives should be available to commercial loggers who adopt IFM as long as carbon 
accounting is rigorous and safeguards are followed.  Further, we argue that where full forest protection is not feasible, IFM should 
be advanced as a priority REDD+ strategy because it can (i) achieve robust emissions reductions without generating leakage or 
increasing the risk of non-permanence, (ii) generate a variety of local community benefits as a low-carbon development strategy, 
(iii) maintain native forest biodiversity, and (iv) reduce the likelihood of deforestation, particularly when forest management is 
community-based.  We discuss solutions to some of the remaining challenges to creating incentives for IFM within a REDD+ 
mechanism.  We encourage continued refinement of safeguards to ensure that verified climate benefits of IFM also generate 
social and biodiversity benefits. REDD+ financing is needed to catalyze the shift to IFM, but IFM should not be dependent (or at 
least not fully dependent) upon REDD+ financing for long-term financial viability.  Measuring, monitoring, and validating 
emissions reductions from IFM have been a particular challenge, although new technologies and methods are promising.  
Technologies and methods used to account for avoided deforestation are usually not sensitive enough to detect changes in forest 
management practices.  Funding is needed for research to develop and refine affordable methodologies for measuring, 
monitoring, and validating emissions reductions achieved through IFM.     
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Introduction 
To some, the buzz of a chainsaw deep inside a tropical forest is the sound of forest destruction.  To others, 
it offers the potential for local stakeholders to make a sustainable living off of a forest that maintains its 
native diversity.  Is sustainable forestry in the tropics a viable element of forest conservation strategies?  
This question has been controversial since the 1970s and remains so today [1-4].  Major financing for 
Reducing Emissions from Deforestation, forest Degradation, conservation, sustainable management of 
forests, and enhancement of forest carbon stocks (REDD+) brings new opportunities and fresh tinder to 
the controversy.   

REDD+ raises a controversial, pragmatic question: Should commercial loggers1 be eligible for incentives to 
reduce emissions through Improved Forest Management (IFM)? This question has important implications 
for prioritizing and/or restricting activities financed under emerging REDD+ frameworks.  For example, 
currently U.S. overseas development funds for REDD+ are subject to greater restrictions when the 
commercial forest sector is involved [5].  While “sustainable management of forests” is included in the 
latest negotiated text for an international REDD+ framework [6], it remains to be seen how this term will 
be defined or what restrictions will be put on eligibility for incentives.  

The implications of these emerging policy decisions for tropical forests are large.  Over 20% of natural 
tropical moist forests (390 million hectares) are designated by national governments for logging [7-8]. This 
makes logging one of the dominant land uses in the tropics, surpassing agriculture in many areas [9, 10]. 
Likewise, logging plays an important role in the economic development strategies of many tropical forest 
countries [11]. Demand for timber is expected to significantly increase [12].  If the increasing demand for 
timber is not met, alternative materials such as steel and cement, with higher carbon footprints, would 
likely substitute for that demand, resulting in yet higher greenhouse gas emissions [13-14].  Demand for 
wood in the short-term can be expected to increase harvesting from natural forests, which occupy 93% 
of forested lands (7% being plantations) [15-17]. The expansion of industrial logging in the tropics presents 
a significant challenge to efforts to mitigate climate change by curbing deforestation and forest 
degradation. Currently, logging native forests represents about 20% or more of net forest emissions in 
many tropical forest systems [18-21]. While afforestation with timber plantations has a countervailing 
sequestration effect, this sequestration offsets less than 2% of deforestation emissions [22], even after 
accounting for recent expansion of plantation systems [15]. 

Here we make the case that commercial loggers should be eligible for incentives to reduce forest 
emissions through Improved Forest Management (IFM), as long as it is done properly.  Further, we argue 
that IFM should be advanced as one of the more promising REDD+ strategies available in many tropical 
countries.  Less than one percent of tropical forest area is certified under some form of IFM [17], and the 
remainder are generally subject to conventional logging that is unnecessarily destructive and a catalyst 
for deforestation [9, 23-24]. REDD+ incentives offer an opportunity to shift a large proportion of 
conventionally logged forest areas to IFM, with benefits of sustained natural forest cover and timber 
production, reduced emissions, ecosystem services for human communities, and biodiversity 
conservation.   

                                                            
1 We use the term “commercial loggers” to refer to all types, ranging from local community-based operations to multinational 

logging companies.  In the tropics, most commercial logging involves selective cutting of a few commercially recognized species, 
since most tropical tree species are not traded on the international market.   
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After describing what IFM is and how it is verified, we discuss these benefits of IFM for people and nature.  
We conclude by considering how REDD+ programs can help overcome the remaining barriers to advancing 
IFM. 

 

 
Fig. 1. Improved Forest Management (IFM) includes better harvesting in areas where logging occurs, 
protection, or set-aside, of some areas from logging, and silvicultural practices to improve growth.   Examples 
of specific practices in each category are given.  Many of these practices provide measurable carbon benefits 
(Č). Many also invoke no leakage (Ł) to the extent that emissions reductions are achieved without reducing 
timber production.  

 

What is Improved Forest Management (IFM) and how can it be verified? 
Conventional timber harvest in tropical forests is typically performed by “selective logging,” extracting a 
small number of commercial species from a large number of non-commercial species. From a strictly 
carbon emissions perspective, IFM might refer to any change from conventional logging that reduces net 
emissions.  For the purposes of this paper we consider the more comprehensive concept of IFM as a suite 
of practices designed to reduce the negative environmental and social impacts of forestry activities while 
maintaining forest product supply (Fig. 1).  In developed countries where relatively younger secondary 
forests are dominant, IFM is often considered a strategy for net sequestration at the landscape scale.  In 
the case of tropical forests in developing countries, logging activities often occur in older-growth forests.  
In this case, IFM offers an opportunity to reduce net emissions associated with logging at the landscape 
scale.  We can organize IFM practices into three categories [20]: 
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 Better harvesting:  A variety of logging practices have been identified to reduce the impact of 
timber harvesting activities.  Many, but not all, of these practices decrease emissions per unit 
volume of timber harvested.  Examples of practices that reduce impacts (per area and/or per 
volume extracted), and associated forest carbon emissions, include the following: 
1. Improved design and construction of roads and skid trails to minimize the area impacted by 

the transportation network used to extract logs from the forest; 
2. Cutting trees so that they fall in a specific direction to minimize damage to other trees and 

maximize timber recovery (directional felling); 
3. Improved cutting of log sections to maximize the recovery of useful wood (better bucking).  

This begins with the felling cut to leave a lower stump; 
4. Cutting vines tangled in the tree tops so that a harvest tree does not bring several other 

non-commercial trees down with it. 
5. Using innovative, low-impact logging equipment – such as the monocable winch system – 

that slide logs along the forest floor with long cables, reducing the damage to forests by 
conventional skidding equipment (e.g. bulldozers); 

6. Reducing the felling of defective (e.g. hollow) trees which have little or no commercial value.  
Simple tests such as the “plunge cut” can be used to reduce unnecessary felling; 

7. Properly identifying commercial species before cutting so that non-commercial species are 
not cut down and abandoned [25].  A well-trained survey crew is needed to avoid mis-
identification, and technologies are emerging to support tree identification.  

 

 Protection: IFM practices include the identification and special management of conservation 
zones within forest management units such as logging concessions, in order to support ecosystem 
services such as biodiversity, old growth structure, flood control, water quality, and social values.  
Such conservation zones include:  
1. Riparian buffer zones - areas where land meets streams or rivers, which are sensitive to 

erosion and have high plant and animal species diversity; 
2. High Conservation Value Forests (HCVFs) - forests that contain concentrations of rare 

species, rare ecosystems, and/or areas of importance to local people;  
3. Steep slopes sensitive to erosion; and 
4. Corridors – forest areas that connect two or more larger blocks of forest. 

 

 Growth: IFM also includes silvicultural practices to ensure the regeneration and growth of native 
timber tree species, which help maintain native tree diversity and provides a long-term source of 
timber production, income, and employment. Some such practices reduce net emissions (e.g. 
extended rotation times, reduced damage to crop trees) while others can increase emissions in 
the near term (e.g. larger canopy openings to regenerate shade intolerant timber species and/or 
liberate future crop trees); thus, careful planning of rotation lengths may be necessary to achieve 
both emissions reductions and sustainable supply of shade-intolerant tree species.   

Independent third-party auditing systems exist to certify a variety of IFM practices.  The most 
comprehensive and globally applied system for certifying a range of IFM practices is Forest Stewardship 
Council (FSC) certification.  Of the three categories described above, FSC in tropical countries is more 
advanced in conservation zones and better harvest practices, and less advanced in silviculture.  In addition 
to the three categories described above, FSC also includes critically important social principles and criteria 
to achieve socially responsible and equitable forest management.   
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Better harvesting practices in the tropics are built upon an established set of timber harvesting practices 
called Reduced-Impact Logging (RIL).  These are described in academic studies [19, 26-27] and have been 
developed into a RIL Standard by the Tropical Forest Foundation (TFF) [28], and affiliates such as Instituto 
Floresta Tropical (IFT).  Frequently tropical forest concessionaires employ such RIL standards as 
components of achieving FSC certification.  These certifying and verifying bodies and existing standards 
(e.g. FSC, TFF) represent major institutional and information resources for achieving IFM; however, these 
systems were not designed explicitly to achieve or verify emissions reductions associated with IFM.  As 
such, these existing standards do not always include a full suite of improved practices designed to reduce 
emissions, and the practices that are specified in these existing standards may not be explicit enough to 
be linked to quantitative emissions reductions.  Nevertheless, these standards offer critical pre-existing 
systems for auditing forest management practices, and could be refined to more explicitly address 
emissions reductions.  

More recently developed standards have been explicitly designed for forest carbon, such as the Verified 
Carbon Standard (VCS, http://v-c-s.org/). The VCS is the most widely used quality assurance system for 
accounting for greenhouse gas (GHG) emission reductions in the voluntary carbon market [29]. It includes 
fundamental principles, requirements, and methodologies for quantifying GHG emission reductions as well as 

a system for validation, verification, and registry. However, the VCS and other standards are not designed 
to address the complex and regionally specific social and environmental issues surrounding tropical forest 
management that FSC and TFF address.  VCS and other standards can complement FSC and TFF by 
developing specific carbon methodologies for verifying the special case of emissions reductions achieved 
by shifting from conventional logging to IFM in a developing tropical country. Such a methodology 
appropriate for tropical forests has yet to be developed, although a draft methodology by The Nature 
Conservancy (TNC) and TFF is underway. Therefore, no existing auditing systems verify the full range of 
IFM practices described above and link practices with emissions reduction accounting. Adaptation, 
development and coordination of these systems are needed to do so. 

Could REDD+ incentives for IFM result in more logging? 
Critics of allowing REDD+ financing for IFM have raised a concern: If incentives are given to logging 
concession owners for IFM, could those incentives be used to expand logging in forests that should instead 
be fully protected?  This concern arises from the perception2 that REDD+ could subsidize logging on lands 
that were previously considered uneconomical to harvest. Such a scenario would not occur  so long as 
credible and rigorous carbon accounting is implemented, in which case only measured emissions 
reductions from a business-as-usual logging scenario would be credited.  Expansion of logging activities 
beyond the business-as-usual scenario would generate increased emissions, and would thus not benefit 
from REDD+ incentives.  In the case of project-level activities in relatively limited accounting areas, there 
may be concern that a company with logging concessions distributed over large geographic areas could 
use some of the funds generated from adopting IFM in one concession to expand logging operations 
elsewhere.  Project-level forest carbon standards should, and often do, address this concern by requiring 
tracking of funds beyond the carbon accounting area. Likewise, the potential for other unintended 
consequences of REDD+ incentives, such as negative social or biodiversity impacts, are addressed through 
safeguards such as tsssshe Climate, Community, and Biodiversity Alliance (CCBA, http://www.climate-
standards.org/index.html).   Efforts to further improve standards such as VCS and CCBA, as well as 
emerging governmental standards (e.g. The Climate Registry, http://www.theclimateregistry.org/) are a 

                                                            
2 This perception is prevalent among NGOs which oppose REDD+ financing for IFM, with whom the authors have 
had numerous conversations on this topic at international venues (e.g. United Nations Framework Convention on 
Climate Change Conferences of Parties).  
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positive avenue for channeling concerns about unintended negative consequences of REDD+ incentives.  
With this in mind, not only should incentives for IFM not be seen as a threat to remote forests, IFM is a 
critical strategy for buffering remote areas against drivers of deforestation and forest degradation that 
are often linked to conventional logging activities [20].  

The Benefits of Improved Forest Management 
IFM can achieve substantial and measurable carbon benefits, generate local community benefits, sustain 
native biodiversity, and reduce deforestation.  We review the basis for each of these potential benefits. 

Emissions reductions 
Under conventional selective logging practices, multiple non-commercial trees are damaged or destroyed 
for every commercial tree that is extracted. These “collateral damage” trees are left to rot or burn, 
emitting carbon dioxide as they do so.  Better harvesting practices can significantly decrease this collateral 
damage, and increase timber recovered from harvest trees, through the practices described above.  A 
variety of studies have looked at reduced impacts from implementing IFM practices, in particular reduced-
impact logging (RIL) [30-35].  However, we have identified only three peer-reviewed studies (representing 
two sites) that have used field measurements to quantify those reduced impacts in terms of emissions 
reductions [8, 33, 35].  These studies found that reduced-impact logging methods can reduce emissions 
by about 30-50%.  Additional set-asides of protection zones mentioned above would provide for greater 
carbon storage in those areas. 
 
Unlike most REDD+ strategies, IFM avoids or minimizes two of the concerns about REDD+ emissions 
reductions accounting: leakage and permanence.  IFM generates emissions reductions without leakage, 
with the exception of set-asides.  To the extent that harvest levels are maintained, no leakage is 
generated. Leakage only occurs if supply to a market and/or labor is displaced, and neither of these would 
happen if IFM is able to maintain timber production and maintain or increase jobs (both of which are 
possible).  Some improved logging practices can generate more timber while reducing emissions (e.g. 
improved bucking).  On the other hand, conservation set asides, where logging intensity is reduced or 
eliminated, do invoke the issue of leakage, whether it be local (e.g. saw mills looking for roundwood 
supplies elsewhere) or international (i.e., global markets meeting demand elsewhere) because the logger 
may seek to compensate for the reductions in harvest levels by logging other areas.  Set-asides are an 
essential part of achieving low impact, sustainable forest management. However, the extent of set-asides 
will need to be balanced by the need to maintain adequate production levels and minimize leakage. 
Sophisticated national and international leakage analysis on logging can be done [36], but given the 
reduced risk of leakage described above, would only be necessary in instances where leakage may be 
expected (e.g. logging is stopped altogether or substantial set-asides are needed). 
 
Improved Forest Management practices also tend to reduce the likelihood of catastrophic disturbances 
caused by natural disasters like fire, both because fuel loads (i.e., dead biomass) are reduced, and because 
fire management practices are employed (as reviewed by [20]).  Thus, we expect that the risk of non-
permanence would be lower under IFM than under a business-as-usual scenario.   This makes IFM 
potentially more attractive than other REDD+ strategies (such as the designation of protected areas or 
cancellation of logging concessions) which do not automatically include management practices to avoid 
natural disturbances. The ability of IFM to generate emissions reductions while maintaining the bulk of 
commercial production and reducing the risk of catastrophic damage to forests makes IFM an important 
low-carbon development strategy. 
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Community benefits 
Conventional logging is a common source of conflict between external corporate interests driven by short-
term profits and local communities who have traditional land rights and who are primary stakeholders of 
forest ecosystem services.  On the other hand, conventional logging often provides welcome jobs to local 
and external communities.  Similarly, many REDD+ strategies struggle with trade-offs at a local level 
between protection of forests and benefits to people from exploitation of natural resources.  Arguably 
the most distinctive benefit of IFM as a REDD+ strategy comes in the form of maintaining and improving 
jobs, income, and ecosystem services for local communities that directly depend on sustaining standing 
native forests.  Further, IFM can be leveraged to improve tenure for forest dependent communities.  For 
example, equitable resolution of tenure disputes between commercial concessionaires and local 
communities are part of FSC certification.  However, there are reasonable concerns that IFM will be used 
to green-wash the actions of external corporate interests that do not respect traditional community rights, 
particularly in countries where forest-based communities do not have strong legal tenure.  It is essential 
that emerging national and international safeguards are designed to ensure REDD+ incentives are only 
provided for IFM that generates real net benefits for local forest-based communities. 
 
Both more and better jobs can result from adoption of IFM, compared to conventional logging.  Better 
forest management involves both hiring of additional technically trained staff (e.g. geospatial analysts, 
foresters) and better training for existing staff (e.g. chainsaw operators, bulldozer operators).  Timber 
harvesting is the second highest risk occupation in the United States [37], and we assume it is at least as 
dangerous in developing countries.  Many of the RIL practices, such as directional felling and cutting vines, 
reduce impacts on forests while also improving worker safety.  Some standards specifically call for worker 
safety criteria.  For example, FSC requires operators to meet or exceed applicable laws and regulations 
covering health and safety of workers and their families, ensuring adherence to these rules where they 
would often otherwise be ignored.  In some cases, technology involving higher local employment can be 
used as part of IFM.  Based on conversations with local managers, we find that IFM timber concessionaires 
in East Kalimantan, Indonesia employ eight times more local people when using low impact monocable 
winch systems that replace conventional bulldozer skidding systems.  Expenses for the purchase, 
maintenance and operation of bulldozers are shifted to salaries for local employees, since monocable 
winch machinery costs a fraction of bulldozers yet require more people to operate. When impacts on 
forests are reduced, ecosystem services that communities rely on, such as potable water, flood control, 
fruit, fish, medicines, etc. are better maintained.  

Biological diversity 
Forests that are carefully managed for timber cannot replace protected areas as storehouses of 
biodiversity, but they can be an integral component of a conservation strategy that encompasses a much 
larger portion of the landscape than is feasible under strict protection alone [38].  In terms of biodiversity 
conservation, natural forest management for timber products is preferable to virtually all alternative land-
use practices that generate global commodity products [39].  From a biodiversity maintenance 
perspective, tropical forests subjected to conventional selective logging sustain 80%-100% of native flora 
and fauna species [3].  Still better biodiversity conservation can be attained with improved forest 
management practices used in certified logging operations. We offer a few examples:  
 

 FSC-certified forests typically maintain a greater number of conservation zones than 
conventionally logged forests. These include: special management buffer zones along rivers and 
streams, protected High Conservation Value Forests, and areas slated for forest restoration. A 
study of the impacts of FSC certification in 21 countries found that 63% of certified operations 
had improved riparian and aquatic management and 62% had improved treatment of sensitive 
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sites and HCVFs [40]. On average, among the 118 operations analyzed, certified logging 
operations designated 22% of total area as HCVFs (totaling 2.5 million hectares, the size of 
Vermont) [41]. 

 A WWF Peru fauna monitoring project in the Espinoza Forest Concession identified FSC certified 
harvest areas with large-animal densities similar to those of protected areas [42]. 

 A study of forests in Malaysian Borneo concluded that forest certification had a positive effect on 
biodiversity. The certified forest sustained denser populations of endangered large animals, 
including orangutans and elephants, than elsewhere in the region. Tree species diversity under 
RIL was as rich as in old growth forests [39]. 

 

Reduced deforestation 
Perhaps the greatest long-term carbon and biodiversity benefits from IFM come from reduced rates of 
deforestation in well-managed forests, especially when linked with community-based forest 
management.  IFM involves long-term investments in the commercial productivity of forests which take 
decades to mature.  IFM thus creates a stakeholder constituency with an economic incentive to avoid 
deforestation of the forests being managed.  It also stands to reason that the incentive to avoid 
deforestation is greatest when local communities are the primary stakeholders in forest management, a 
concept now referred to as locally-controlled forestry (LCF) or community forest management (CFM).  
Profits from timber sales, job stability and ecosystem services offer incentives for local, forest-managing 
communities to avoid deforestation.  Limited research is available to confirm the relationship between 
deforestation rates and IFM and/or LCF.  However, results from four studies that have investigated these 
relationships are striking.  A study by Hughell and Butterfield found that FSC-certified community-
managed logging concessions in the Peten region of Guatemala have 20 times lower rates of deforestation 
than strictly protected areas [43].  A study by Duran-Medina et. al. compared the impact of protected 
areas and ejidos (community-based forest management areas) in Mexico.  They found that both are 
valuable conservation approaches, but ejidos are more effective: forest cover is actually increasing within 
ejidos while net forest cover is declining within protected areas [44].  A recent meta-analysis comparing 
the conservation effectiveness of 40 protected areas and 33 community-managed forests (which were 
not necessarily sustainably managed for timber) reached the same basic conclusion:  lower deforestation 
rates in community managed forests than in protected areas [45].  Another study from India finds that 
community-managed forests (compared with state-managed forests) achieve similar or better forest 
conservation outcomes at a much lower cost [46].  

Advancing IFM as part of REDD+: Challenges and Solutions 
The increasing demand for timber means that continued logging is inevitable. However, increased 
adoption of IFM practices is not guaranteed. A variety of challenges confront IFM, including:  

 the development of policy and governance frameworks to resolve issues such as tenure conflicts, 
transparency, and corruption;  

 the evolution of existing standards  such as the Verified Carbon Standard, The Forest Stewardship 
Council, and the Tropical Forest Foundation  to strengthen the implementation and verification 
of IFM linked with quantified emissions reductions;  

 financing of up-front costs of adopting, measuring, and verifying IFM; and  

 addressing scientific knowledge gaps where research is needed.   



Mongabay.com Open Access Journal - Tropical Conservation Science – Special Issue Vol.6 (3):409-425, 2013 

 

 
Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org 

417 

REDD+ has inspired efforts to address each of these challenges.  We consider here in more depth the last 
two challenges (the more quantifiable issues within the scope of this paper): (1) up-front costs, where 
REDD+ incentives are needed, and (2) knowledge gaps where funding for research is needed.   

Overcoming Short-term Barriers to Adoption 
At the ground level, incentives from REDD+ are needed to overcome the initial investment and capacity 
barriers to adopting Improved Forest Management (IFM) practices (Fig. 2).   

These initial costs of shifting to IFM include: 

 a variety of technical training for staff that may only be available from foreign institutions, 

  purchasing new equipment ranging from lower-impact machinery to computers and software, 

  hiring and supervising additional employees, and 

 planning, measurement, monitoring, and auditing processes.   

 

 

 
Fig. 2. REDD payments help overcome up-front costs associated with adopting IFM and certification.  In some 
places REDD+ incentives could be phased out over the long-term to the extent that IFM practices provide long-
term cost-savings (as indicated in this figure).  However, IFM may not generate cost savings in landscapes where 
large areas should be protected from logging due to sensitivity and/or high conservation value. In such places 
where ongoing opportunity costs of adopting IFM are not offset by efficiencies of IFM, either regulatory 
intervention or long term incentives for REDD+ (or other ecosystem services) will be needed. 
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Even where initial capital investments can be made, forest managers often do not know how to access 
information on how to proceed with certification such as FSC, not to mention the elements of IFM that 
are not yet well integrated within FSC.  While REDD+ incentives could overcome these initial cost barriers, 
logging concessions using IFM should become less dependent on REDD+ incentives over time.  Once initial 
investments in IFM have matured, cost-savings become available due to efficiencies associated with IFM, 
including reduced fuel and repair costs for machinery, greater recovery of timber per tree felled, and more 
efficient use of labor hours by fellers, skidders, and haulers.  Further, where IFM is formally recognized 
through certification systems (i.e. FSC), forest managers may benefit from price premiums and/or 
improved access to some markets.    

Some academic studies have concluded that RIL ultimately generates cost savings [47-49] or is competitive 
with conventional logging [19].  Other studies have concluded that conventional logging is more profitable 
than sustainable forestry [2, 50-52].  An important site-specific factor is the amount of area taken out of 
production due to set-asides for steep slopes and riparian buffers.  In general, inventory and planning 
costs are higher for RIL, while operating costs are usually lower, and it is difficult to generalize about the 
net outcome.  In some cases REDD+ financing may only be needed to catalyze the adoption of IFM.  In 
other cases, REDD+ financing (or a substitute) would be necessary on a long-term basis to make IFM 
competitive with conventional logging. 

Formal certification (i.e. FSC) involves additional costs associated with social criteria, auditing, etc.  
Considering the limited adoption to date of improved practices [17], we suspect that costs outweigh 
savings in most locations.  On the other hand, new legislation in Europe (FLEGT) and the United States 
(Lacey Act) designed to stop the import of illegally harvested wood may create a price margin for certified 
wood that could offset these higher operating costs over time. 

Even when IFM is financially competitive in the long term, adopting and certifying IFM practices require 
significant up-front costs and capacity, which are barriers to adoption.  REDD+ payments are needed to 
help small, medium, and large-scale logging operations adopt IFM and, where relevant, move toward 
certification (see Fig. 3).   

At one end of the spectrum, small-scale, community-based forest management operations need the most 
support to build capacity, overcome up-front costs, and strengthen and document tenure rights.  
Considering the evidence that community-management of forests is a promising strategy for forest 
protection [43-45], community-managed forests should be considered for strong REDD+ investments in 
order to overcome these barriers to adopting IFM. The considerable evidence for a link between improved 
forest management and protection of forests when they are managed by local communities (as opposed 
to forests managed by large corporations or states) may be due to the longer-term and complex 
relationships between local communities and their forests, which provide both market-based income and 
non-market ecosystem services. This conclusion is consistent with a recent large study by Chhatre and 
Agrawal finding that community-owned forests are more likely to have deferred commercial exploitation, 
and higher carbon stocks, than state-owned forests [53].We therefore believe that community forest 
management is the most promising context for achieving forest conservation through sustainable, low-
impact forest management.  

On the other end of the spectrum, large-scale commercial operations can be expected to have the greatest 
access to capital, opportunities for economies of scale, and incentives to achieve certification (to the 
extent that they disproportionately supply international market demand for certified wood products).  
Large-scale operations should also be engaged as early adopters who can help tip the balance toward 
certified logging as an industry standard. 
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Research needs 
In order for IFM to access REDD+ incentives, another barrier must be overcome:  our current lack of 
inexpensive, reliable, and scalable methods and technology for measuring, reporting, and verifying 
emissions reductions resulting from IFM.  As discussed above, while institutions exist for certifying 
components of IFM, no existing systems certify an additional set of practices designed explicitly to reduce 
emissions.  Methodologies have yet to be approved within existing carbon standards (i.e. VCS) that verify 
emissions reductions achieved through IFM in tropical forests.  Three research gaps will need to be 
addressed in tropical forest systems in order to develop and implement such methodologies within 
logging concessions: quantification of emissions reductions from IFM practices; development of 
monitoring methods; and quantification of the post-harvest carbon flux. 

 

 
Fig. 3. The forest industry includes a wide range of agents, from community-based forest management 
to multinational corporate forest management.  REDD incentives can help agents across this spectrum 
move towards IFM, as associated with both existing forest management standards (e.g. FSC, TFF) and 
emerging carbon standards (e.g. VCS, CAR, ACR).  REDD incentives will be more critical to smaller 
agents in overcoming the up-front capital costs (indicated in Fig. 2).  Community-managed forests are 
of particular interest given evidence of improved forest protection [27-28, 47].  It is also important to 
engage larger agents, such as government forest management agencies and multinational 
corporations, who are positioned to catalyze large-scale shifts towards IFM, certification, emissions 
reductions, and other co-benefits. 
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(1) Emissions reductions from IFM practices:  Research is needed to identify individual IFM practices 
with emissions signals that can be feasibly monitored, and determine the additional emissions 
reductions (CO2/ha logged and CO2/ m3 timber) achieved.  This research will need to be conducted 
within different forest ecosystems across the range of landscape variables that can influence the 
impacts of logging practices (e.g. slope, soil, prior logging history).  As discussed above, only a few 
studies have quantified emission reductions from improved logging techniques [35-36].   
Research on emissions from specific existing logging practices should be complemented by 
research to further refine alternative, low-emission logging practices.  Examples include analysis 
of alternative skidding technologies, such as winch systems that avoid damage caused by larger 
machinery often used in skidding operations, minimizing width of haul roads, and avoiding the 
unnecessary felling of non-commercial trees due to poor species identification and/or poor 
identification of defective tree boles.  
Ecoregion-specific field-based forest inventory data are necessary for much of this work.  In many 
regions, detailed tree measurements are needed to develop and/or test assumptions for 
allometry equations.  Even Lidar remote sensing technology does not yet differentiate specific 
practices like avoiding the felling of defective or mis-identified trees and cutting vines. However, 
remote sensing technologies can dramatically improve the efficiency of field-based 
measurements [54].  

(2) Remote sensing monitoring methods: Research is needed to identify affordable remote sensing 
technology for detecting and differentiating IFM from conventional logging at large.  Advanced 
methods for analysis of Landsat imagery [18, 55] have revolutionized the detection of logging 
activity at large scales. However, they are sensitive to cloud cover, and the extent to which these 
methods can differentiate IFM from conventional logging is not yet clear.  Once an affordable 
remote sensing technology is identified that can address these problems, scalable methods and 
software will be needed to consistently analyze large quantities of the remotely sensed data.  

(3) Carbon flux after logging: Long-term research is needed to estimate net carbon flux after logging 
events, which involves tracking both decomposition and growth.  Comparisons are needed both 
for different landscape variables (e.g. slope, soil, climate, forest type) and for different logging 
practices and silvicultural treatments.  Published studies which provide estimates of growth and 
decomposition following logging are restricted to a limited number of research sites [56-60].  For 
a given forest type, alternate succession pathways can occur following disturbances such as 
logging.  If logging creates conditions in which plants such as vines, bamboo, and herbs dominate, 
and/or a surge in tree herbivores (e.g. deer, elephants), the result may be little or no increase in 
carbon sequestration rates following logging [61-65].  On the other hand, silvicultural treatments 
can significantly increase rates of carbon sequestration following logging [61].  In either case, 
additional emissions may occur for over five years after logging due to elevated mortality of trees 
that are damaged or exposed by the logging [64].  These and other factors affecting estimates of 
carbon flux following logging are sensitive to multiple factors, including plant community 
composition, soil fertility, climate, and natural disturbance regimes [57]; it is therefore important 
to have regionally specific research available for credible estimates of carbon flux after logging. 

To improve the effectiveness of IFM, and better understand the other potential benefits described above, 
further research is also needed on a broader set of research questions including (i) the financial 
implications of IFM, including both up-front costs and the longer-term financial picture, (ii) benefits of IFM 
for biodiversity and other ecosystem services; and (iii) benefits of IFM, and locally controlled forestry, on 
rates of deforestation.  Some of the limited existing literature on these subjects has been discussed above, 
but these topics remain poorly understood.  In particular, we have been unable to identify literature that 
links IFM in forests that are not community-managed with reduced deforestation rates – an important 
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gap in our argument that IFM is an important strategy for avoiding forest conversion.  Ideally, research on 
the range of IFM questions discussed above would be coordinated to develop a more comprehensive 
understanding of the benefits of IFM, the barriers and solutions to advancing and improving IFM, and how 
IFM promotes sbroader forest conservation goals. 

Conclusions 
 Improved Forest Management (IFM) integrates:  

i. better timber harvest practices that reduce impacts of logging,  
ii. conservation zones within forest management units to protect ecologically sensitive and 

high cultural value areas, and  
iii. silvicultural practices to increase carbon sequestration following timber harvests and 

sustain timber production.  

 Improved Forest Management should be advanced as a priority REDD+ strategy because it can: 
i. achieve emissions reductions without leakage or elevated risk of non-permanence,  

ii. generate multiple local community benefits as part of a low-carbon development strategy,  
iii. maintain native forest biodiversity, and  
iv. reduce deforestation, particularly when forest management is community-based. 

 Concerns that REDD+ incentives for IFM could result in expansion of logging in remote forests 
should be, and largely are, addressed by rigorous national carbon accounting along with 
safeguards.  If credible carbon accounting methods are used, REDD+ incentives for IFM will only 
be generated when logging impacts are actually reduced.  Further, IFM can be used as a strategy 
to buffer protected areas from drivers of forest degradation and conversion. 

 The most promising opportunities from IFM are linked to community-based forest management 
,which maximizes benefits to local stakeholders.  Community-based IFM has been demonstrated 
to achieve dramatic reductions in deforestation rates.  

 While IFM is a complex issue with many technical challenges, multiple institutions exist to support 
IFM in the tropics (e.g. FSC, TFF).  Work remains to further the capacity and scope of these 
institutions and build links with emerging frameworks for verifying forest carbon emissions 
reductions (e.g. VCS). 

 REDD+ incentives are needed to address the initial capital costs and capacity needs of adopting 
IFM.  If REDD+ financing can catalyze adoption, IFM should not be dependent (or at least fully 
dependent) upon REDD+ financing for long-term financial viability.  Management units that adopt 
IFM benefit in the long term from improved efficiency, sustainable production of timber, and 
advantages of timber certification such as price premiums and improved market access.  

 Funding is needed for research on net emissions reductions achieved by implementing IFM 
practices.  Critical research topics include (i) quantifying emissions reductions associated with 
specific improved practices at landscape scales, (ii) refining methods for analysis of remote 
sensing technology, and (iii) quantifying net carbon flux following logging activities.  This research 
is necessary to develop and refine methodologies that can affordably measure, monitor, and 
verify emissions reductions achieved with IFM.   
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