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study included: What are the environmental 
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Executive Summary

It is estimated that as much as half of the world’s original 
primary tropical forest1 area has been converted to other 
uses (Pimm and Raven, 2000), and that only 20% of the 
remaining half remains intact (Potapov et al, 2017). 
Logging has and will continue to have an extensive 
impact on tropical forests, having affected over 550 
million hectares and with 400 million more designated as 
logging concessions. Home to the majority of the world’s 
terrestrial biodiversity and millions of forest-dependent 
people located in the tropics, there is much at stake in 
ensuring the sustainability of forestry practices in this 
region.

The goal of this study was to provide an overview of 
current relevant research on the viability of sustainable 
logging for commercial purposes in tropical rainforests.

This report examines what is known regarding the 
impacts of “status quo” industrial logging, including on 
biodiversity, biomass/carbon, ecosystem resiliency, and 
timber yield. It then turns to examine whether reduced 
impact logging (RIL) and forest certification improve 
outcomes for these same values. Based on these 
findings, an overall determination is made regarding  
what constitutes “sustainable forest management”  
(SFM) in the tropics.

The report finds that industrial logging, even though it is 
done “selectively” due to the low density of commercially 
viable trees, results in a large impact to the remaining 

forest. While some of this occurs immediately during 
logging and construction of related infrastructure, there 
are also secondary impacts that can be even more 
significant. Decreased ecosystem resilience and removal 
of moisture-retaining canopy results in disruption of 
ecosystem processes and increased incidence of fire. 

The literature indicates the existence of ecosystem 
thresholds in terms of logging intensity and frequency 
that, once exceeded, can make it difficult for a forest to 
recover. This may result in the forest being prone to 
desiccation and fire, and conversion to another ecosystem 
type. Logging results in increased access, often in areas 
with poor monitoring, providing a vector for hunters and 
illegal logging, and may enable conversion to agriculture. 
Biodiversity impacts of logging vary greatly, but in 
general, forest-dependent specialists tend to suffer the 
most, and the capacity for recovery is tightly linked with 
proximity to intact forest. Meanwhile, generalist and 
pioneer species may actually increase, taking advantage 
of the disturbed environment. Selective logging also 
results in a massive loss of carbon stocks, which may 
never be fully recovered. 

Reduced impact logging (RIL) is a highly subjective 
concept, and the overall reduction of impact appears to 
be linked to logging intensity. Some studies claim to have 
found that RIL can reduce impact on non-target trees by 
20-50%. However, the removal of the canopy favors rapid 
growth of pioneer species, and may prevent regeneration 
of commercially valuable trees. Regardless of how carefully 
the initial logging is done, RIL does not address the 
long-term risks associated with the introduction of road 
networks, particularly in areas of poor governance.

It is difficult to consistently assess the impacts that forest 
certification has had, due to a number of methodological 
issues. Impact studies remain largely inconclusive, with 
little evidence that certification results in statistically 
significant changes to loss of biodiversity and carbon, but 
may result in continued loss of intact forest, due to the 
introduction of roads and logging infrastructure.

There is a growing body of research that shows that the 
vast amount of tropical forest that has been degraded by 
logging has the capacity to be restored. However, this may 

1) The term «tropical forest» includes all forest within the tropical region and should not be confused with «tropical rainforest» which is the geographical and 
thematical scope of this study. However, it has proven to be difficult to find accurate figures for the world’s tropical rainforest.
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require ongoing intensive intervention and management, 
which may be prohibitively costly.

What constitutes “sustainable forest management” (SFM) 
continues to be widely contested, with disagreement 
centered around the definition of both the terms “sustain- 
able” and “forest”. Here we conclude that only management 
that sustains species-specific timber yields in perpetuity 
while maintaining the ecological integrity of the forest (“a 
forest’s full complement of ecosystem services and 
societal values”) should be defined as “sustainable forest 
management”. The strong likelihood of secondary impacts 
of logging suggests that these should be taken into 
consideration in any meaningful definition of SFM, 
including risks associated with increasing access to the 
forest. The precautionary principle should be exercised in 
ensuring that thresholds in logging intensity are not 
exceeded. SFM should not increase the vulnerability of 
the forest to unregulated access, and focus on restoration 
of the vast majority of tropical forests that have already 
been logged to some extent.

Given current knowledge, it is very difficult to justify 
logging of tropical IFL and primary forest as sustainable, let 
alone suggest that funds allocated to reduce deforestation 
and forest degradation should be supporting such activity 
or initiatives that facilitate it. 
 

1: Introduction
This report provides an overview of the impact of industrial 
logging in tropical forests, including biodiversity, ecosystem 
resilience, and carbon/biomass. It will look at links between 
logging and deforestation and forest degradation and 
resilience. Second, it will look at the potential for reduced 
impact logging and forest certification to play a role in 
improving forest management. In light of the above, a 
working definition of “sustainable forest management”  
is proposed. 

Given its large scope, the study focuses on meta-analyses 
with select examples for illustration.
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2: Sustainability 
of conventional 
logging

Over 400 million hectares of tropical forest are currently 
designated as logging concessions (Martin et al 2015). 
Most tropical forest logging is largely done “selectively”, in 
that only a small proportion of trees are harvested for a 
given hectare of forest (largely due to the low density of 
commercially viable species). However, the number of 
trees damaged and/or killed in the process but left behind 
can be indiscriminate and intensive. Furthermore, selective 
logging requires the construction of extensive infrastructure, 
providing access to previously remote areas.

Impacts from logging may become apparent at different 
time intervals and spatial scales. For example, the full 
impacts of activities resulting from increased access 
(such as hunting, illegal logging and agriculture) may not 
be apparent immediately after logging. Important forest 
ecosystem processes, such as seed dispersal and 
pollination, operate at very long time intervals, and thus 
the full impact of forest operations may only be known 
decades later. For example, damage to root structures 
might eventually lead to erosion, removal of canopy cover 
might lead to forest floor desiccation and increased 
susceptibility to fire, and introduction of invasive species 
may negatively impact local species. Depending on how 
soon after logging the observations are made, it may or 
may not capture all of the impacts. 

Further complicating matters, while logging may deliver 
the first blow to the forest (most notably, the introduction 
of roads and other infrastructure), this may be followed by 
clearing for other uses (usually agriculture), either 
deliberately or due to increased susceptibility to fire, so it 
becomes difficult to distinguish and attribute impacts of 
logging.  Depending on the circumstance, logging may be 
the primary driver for deforestation, it may facilitate or 
finance subsequent conversion to other land uses (most 
notably, agriculture), or it may be a way to establish 
ownership of the land (Pearce et al, 2003). Finally, the 

impact of logging can vary with the proportion of trees 
retained, and the time elapsed since the harvest (Chaudhary 
et al, 2016). 

2.1 BIODIVERSITY IMPACTS

Biodiversity- the variation and variability of life on earth- 
can be measured at the ecosystem, species and genetic 
level2 (CBD, 2017). Historically, the bulk of research on 
the impact of logging has largely focused on species-level 
impacts, and this will be the focus of this section. However, 
it should be noted that forest biodiversity is closely interre-
lated with ecosystem resilience (Thompson et al. 2009), 
discussed in the next section.

Tropical forests, despite covering only 10% of the earth’s 
surface, are home to 50-80% of all terrestrial species. 
Less than half of the earth’s original forests remain, and 
so it is not surprising that logging has had a major impact 
on biodiversity. Compounding this is that species are not 
evenly distributed, with 40% of all vascular plant, mammal, 
bird, amphibian and reptile species located in 25 areas 
identified as global biodiversity ‘hotspots’, which collec-
tively cover <2% of Earth’s land surface (Myers et al. 
2000). Seventeen of these hotspots are in tropical forests. 
On average, only 12% of the original primary forest 
remains of these “hotspot” areas, compared to the tropical 
forest average of ≥50% (Lewis, 2006).

In broad terms, when it comes to biodiversity, selective 
logging creates winners and losers. The most vulnerable 
animal species in tropical forests are those that have both 
large area requirements and a low tolerance of the modified 
habitats surrounding fragments, while the most vulnerable 
plant species are those that respond poorly to edge 
effects or chronic forest disturbances, and that rely on 
vulnerable animal species for seed dispersal or pollination 
(Laurance et al, 2018). While logged forests may often 
have an equal or greater number of species than 
undisturbed forests, endemic, restricted-range or 
habitat-specialist species are most likely to decline or  
go extinct (Lewis, 2009).

An important meta-analysis of 48 studies across the 
tropics (Burivalova et al, 2014) of the impacts of selective 
logging found that mammal, amphibian, and invertebrate 
species richness decreases with an increase in logging 
intensity. Mammals and amphibians were particularly 
impacted, and suffered a halving of species richness at 
logging intensities of 38m3 per ha and 63m3 per ha, 
respectively. While bird species richness actually increased 
following logging, this was found to be due to an influx of 
generalist species, while birds that specialize in forests 
declined in heavily logged areas. It could be that birds are 
more easily detected in logged areas, and that their 
greater mobility could allow them to forage in logged sites 
while depending on unlogged areas for nesting. 

 2) This report focuses on species and ecosystem-level impacts of tropical forest logging. For consideration of genetic impacts, refer to Ratnam et al, 2014.



6    RAINFOREST FOUNDATION NORWAY

The analysis further suggests that the relationship between 
species richness, logging intensity, and taxonomic group 
also varies according to location: Neotropical fauna 
appears to be more sensitive to logging intensity than 
Afrotropical and Indomalayan fauna, apart from mammals, 
which decline even more steeply in richness in Africa than 
in the Neotropics (Burivalova et al, 2014). Mammals were 
found to be particularly sensitive to logging: every increase 
of 20m3 ha−1 in logging intensity resulted in a 35% 
decrease in species richness. This was despite the fact 
that the meta-analysis excluded studies where additional 
pressures were present, such as hunting, mining, and 
burning. Since these activities are often a direct result of 
logging infrastructure providing access to the forest, it is 
likely that this analysis underestimates the total impact. 

Other biodiversity studies have focused on specific taxa. 
Ewers et al (2015) found that the contribution of inverte-
brates to ecosystem processes (litter decomposition, 
seed predation and removal, and invertebrate predation) 
is reduced by up to one-half following logging, but that 
other taxa may step in to take their place in performing 
these services.

A meta-analysis of research done in the past 60 years by 
La Manna and Martin (2017) found that logging reduced 
tropical bird species richness by an average of 11% over 
6 years with 50% basal-area retention, rising to 22% a 
year following low basal-area retention (around 5%) 
logging in the tropics. Even after 40 years of recovery, 
these areas still had 10.3% fewer bird species.

In Malaysian Borneo, Brodie (2014) found that hunting 
following logging led to a 31% decrease in mammals, 
especially species of ecological importance such as seed 
dispersers and herbivores, and led to complete “defauna-
tion” of certain areas. In another study in the Republic of 
Congo, population density of several large mammals 
remained lower than in unlogged forests 2–3 decades 
after logging (Poulsen et al. 2011). The depletion of 
wildlife threatens the ability of forest dwellers to feed 
themselves, the survival of hunted species, and ultimately 
the sustainability of forestry (Robinson et al, 1999).

Other studies claim to show that selectively logged forests 
retain a high richness of forest taxa after the first cut. In 
fact, in one case (Edwards et al, 2011) it was found that 
over 75% of bird and dung beetle species found in 
unlogged forest persisted within forest that had been 
logged twice. Another study found that avian phylogenetic 
richness (the total evolutionary history across all species 
within a community) recovered to old-growth forest levels 
after about 30 years (Edwards et al, 2017). Dent and 
Wright (2009) found that after several decades species 
composition in secondary forests comes to resemble that 
of unlogged forests. 

A study in the Peruvian Amazon found that biodiversity in 
an area recovering from logging contained 83% (±6.7) of 
species known to have occurred in the region before 

disturbance. Further, 88% of species of highest conserva-
tion importance predicted to exist in primary forest from 
the region remained (Whitworth et al, 2016). 

However, it has been pointed out that the true impacts of 
selective logging could be masked by proximity to primary 
forests. This can lead to “spillover effects” into the logged 
forest, and may create “species extinction debts” only 
observable over periods of time longer than the timescale 
of most studies (in one review it was found that for 83.6% 
of cases, the research had been conducted within 12 
years since logging)(Gibson et al, 2011).  Furthermore, 
this doesn’t account for the ecosystem-level impact of 
repeated logging and the increase in fire and conversion 
that are associated with increased access to logged 
landscapes. It should be noted that the Whitworth et al 
study specifically sought to study a logged forest that had 
“effectively  protected  from confounding ongoing human 
disturbances”, and it is located in proximity to a large 
protected primary forest (Whitworth et al, 2016, p. 226). 
Another meta-analysis of 138 studies of the impact of 
anthropogenic land disturbances found that selective 
logging was relatively benign compared to conversion to 
agriculture, but ultimately concluded that “when it comes 
to maintaining tropical biodiversity, there is no substitute 
for primary forests” (Gibson et al, 2011).

Methodological challenges
It should be noted that assessing the impact of logging on 
biodiversity is inherently more complicated than doing so 
for timber yields or carbon stocks.  Published studies can 
vary greatly in focus (e.g. species richness versus compo-
sition, or of particular taxonomic groups, such as birds or 
invertebrates), temporal scales (how soon after logging) 
and spatial scales (e.g. the inclusion of unharvested 
forest), making comparison of studies and meta-analysis 
more difficult (Putz et al, 2012). Time elapsed since 
logging may alter findings substantially, since many 
biodiversity impacts may not be visible in the near term. 
New access to previously impenetrable forests may put 
researchers into contact with species that were previously 
remote, temporarily boosting sightings, even though the 
overall population has declined.

The historic focus on species-level diversity as a meas-
urement of impact has increasingly been called into 
question, as it does not capture several important 
aspects. For example, while the total number of species 
might remain the same or even increase following 
logging, disturbance-sensitive species might decline or go 
extinct, and be replaced by common, generalist species, 
or ones that thrive in a disturbed environment, a process 
that has been termed “biotic homogenization’: a reduction 
in ecosystem diversity (Phillips et al, 2017). 

Researchers have identified other methodological 
challenges associated with assessing the true impact of 
logging on biodiversity. For example, inferences from 
biodiversity studies are constrained by differences in 
regional context as well as the context imposed by 
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study-specific differences in research design and focus. 
(Gardner et al, 2009)

2.2 BIOMASS/CARBON IMPACTS

The loss of biomass and resulting carbon emissions 
related to logging is due to: (a) the loss from trees that are 
harvested (“extracted log emissions”); (b) the incidental 
damage caused to surrounding trees during harvesting 
(“logging damage factor”); and (c) the infrastructure built 
for removing the logs out of the forest (“logging infrastruc-
ture factor”). The latter includes skidding trails (caused by 
use of bulldozers or other equipment to transport the logs 
from the felling area to roads), logging decks or landings 
(areas where the logs skidded out from the forest are 
piled awaiting transport) and logging roads (Pearson et al, 
2014). Based on these three forms of loss, it is possible to 
establish a “total emissions factor” for any given logging 
operation: the amount of carbon released for every cubic 
meter of wood harvested. 

When this accounting method was applied in a study of 
logging in a selection of tropical countries, it was found 
that total carbon emissions per cubic meter of wood 
harvested is highly variable (ranging from .99 to 2.33 tons). 
However, in all cases, losses were mainly attributable to 
damage to surrounding vegetation and supporting 
infrastructure and not the logs that were harvested, with 
total emissions amounting to 3–15% of the original 
biomass (Pearson et al, 2014). It should be noted that this 
methodology did not account for changes in soil carbon. 

A study using modeling and high-resolution remote sensing 
data in the Brazilian Amazon (Huang and Asner, 2010) 
found that selective logging was responsible for releasing 
an average of 0.04–0.05 Pg C per year (1999-2002). It 
also found that it took two to three decades for the forest 
to regain carbon lost due to selective logging, and up to a 
century to recover the original live biomass (if the forests 
are not subsequently cleared completely, as is highly 
likely, due to increased vulnerability).

In another study in Kigale National Park, Uganda, 18 years 
after logging and subsequent re-planting, the above-ground 
biomass was only 12% of that of the original forest. At this 
rate, it would take a total of 114 years to restore, with tree 
species diversity still much lower than before (Wheeler et 
al 2016). Another study in the same park found that even 
after 45 years, selectively logged forest exhibited higher 
light levels, lower stem density and total basal area, and 
44% less above-ground biomass (Osazuwa-Peters et al, 
2015).

Until recently, attempts to quantify forest carbon loss at a 
global scale focused on that related to deforestation, 
which is easier to detect and measure than forest 
degradation using satellite data. However, recent techno-

logical and methodological innovations have rapidly 
improved the ability to detect forest degradation. This has 
been helpful in revealing the true extent and impact of 
selective logging, and it is significant. 

Pearson at al (2017) applied a combination of methodolo-
gies in assessing 2.2 billion hectares of tropical forest 
across 74 countries, for the period 2005 to 2010, and 
found that an estimated 2.1 Gt of CO2 had been released 
due to forest degradation: 53% linked to timber harvest, 
30% from woodfuel collection, and 17% from fire. This study 
likely underestimates the impact of timber harvesting, 
since it did not include impacts from illegal logging.

A recent analysis by Wood’s Hole Research Centre 
(Baccini et al, 2017) used a different approach, measuring 
gains and losses in carbon density (tons of carbon per 
hectare) to arrive at a net value for tropical forests 
worldwide (the change in the amount of carbon stored). 
Gains are a result of forest regrowth, while losses are 
from deforestation, degradation and disturbance. This 
analysis concluded that between 2003 and 2014, tropical 
forests were a net source of carbon emissions, in the 
order of 425.2 ± 92.0 teragrams3 of carbon per year (Tg C 
year–1), with losses of 861.7 ± 80.2 Tg C year–1 and 
gains of 436.5 ± 31.0 Tg C year–1. It is notable that this 
study found that degradation and disturbance was 
responsible for 68.9% of all losses.

As per the evaluation of biodiversity impacts, the impacts 
of logging on forest biomass continue long after the initial 
harvest period, as debris breaks down, resilience decreases, 
and factors such as drought and fire take hold.

2.3 ECOSYSTEM IMPACTS: FRAGMENTATION,  
DEGRADATION, RESILIENCE AND THRESHOLDS

Logging impacts tropical forest ecosystems in a number 
of ways, including degradation and fragmentation. A 
recent study found that over half of all forest degradation 
is caused by commercial logging, not including illegal 
logging (Pearson et al, 2017). Forest degradation may 
result in loss of ecosystem function with major conse-
quences for biomass and species-level diversity. Impor-
tantly, these impacts are not captured by deforestation 
statistics, though severe degradation may be a precursor 
to loss of forest cover altogether. Large areas of degraded 
tropical forest exist, covering around 550 million ha by 
some estimates (Pan et al., 2011), though there is an 
ongoing debate as to how degradation is defined and 
measured. 

One study in the Amazon estimated that logging severely 
damaged between 10-15,000 km2 of forest annually 
(Nepstad et al, 1999). Another demonstrates how 
fragmentation and associated edge effects result in rapid 
biomass collapse (Numata et al 2011). 

3)   1000 teragrams  = 1 Gt
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Logging may also be only one of many activities on the 
landscape with biodiversity implications, and may interact 
with these to have disproportionate impacts, or collectively 
surpass disturbance thresholds, and thus a cumulative 
impacts approach is recommended (Stork et al, 2009). 
However, very few studies take this approach.

Furthermore, impacts of fragmentation on biodiversity and 
ecosystem processes are not only a consequence of local 
site features but also of broader changes occurring at 
landscape, regional, and even global scales (e.g. invasive 
species, climate change)(Laurance et al, 2018). The 
impact from these anthropogenic stressors on unlogged 
control sites may mask the impact of logging, as the true 
biodiversity baseline would likely have been higher in the 
absence of these (Alroy, 2017).

2.3.1 Intact forest landscapes and primary forests

Only 20% of the world’s remaining tropical forests meet 
the criteria of “intact forest landscape” (IFL), defined as “a 
seamless mosaic of forest and naturally treeless ecosys-
tems with no remotely detected signs of human activity  
and a minimum area of 500 km2” (Potapov et al, 2017). 
These forests are associated with extremely high values 
for biodiversity and carbon storage, yet only 12% are 
protected worldwide, and their extent has been reduced 
by 7.2% between 2000 to 2013 (Potapov et al, 2017). A 
recent study found that even minimal deforestation within 
IFLs resulted in a disproportionately high rate of verte-
brate biodiversity loss (Betts et al, 2017). 

The term “IFL” should not be conflated with “primary 
forest.” Primary forests form part of IFLs, but also exist 
outside of IFLs, in blocks smaller than the 500 km2 thresh-
old (Potapov et al, 2017). In fact, recent research has 
revealed these areas to be significant: 38.6% of the 
primary forest area in the Democratic Republic of the 
Congo is located outside of IFLs (Zhuravleva, et al, 2013), 
and 73.2% of that found in Sumatra, Indonesia (Margono 
et al, 2012). It should also be noted that IFLs may also 
include areas that are intact but naturally non-forested 
(bogs, lakes, etc), or have experienced some form of 
natural disturbance (e.g. forest fire), but are normally 
forested. IFLs do also include areas affected by low-inten-
sity and historic human activities. 

2.3.2 Resilience and Fire

Ecosystem resilience has been defined as “functional 
resistance to disturbance” (Ewers et al, 2015), and “an 
emergent property of ecosystems that is conferred at 
multiple scales by genes, species, functional groups of 
species, and the processes within an ecosystem” (ITTO, 
2013, p.7). It is closely interrelated with biodiversity, and 
has become of increasing importance due to climate 
change (Thomson et al, 2009).  Logging in tropical forests 
is linked with a decrease in resiliency to various distur-
bances, further exacerbating immediate impacts, and 
creating vulnerability to ecosystem change.

Tropical rainforests, in an undisturbed state, are practically 
fireproof, with the forest canopy and dense vegetation 
layers acting to retain moisture and keep the sun out 
(Tacconi et al, 2007). Once the forest is opened up via 
logging infrastructure, previously sheltered biomass is 
exposed to the sun and quickly desiccates. Logging 
infrastructure can also alter the forest’s hydrology and 
water table, which can have the same effect, leading to 
fire. Regrowth following a fire often involves grasses and 
other biomass that dries out easily and perpetuates the 
fire cycle. If this is not interrupted, the forest may be 
replaced by grasslands or other ecosystem. 

In an examination of the Brazilian Amazon, almost all 
forest fires were found to have originated in logged forest 
(Asner, 2006). An earlier study by Nepstad et al (1999) 
found that logging severely damaged 10,000 to 
15,000 km2 of forest per year, and that both logging and 
fire make the remaining forest more vulnerable to burning 
in the future. 

Similar results were found in a study of Borneo between 
2002 and 2005; nearly all deforestation occurred within  
5 km of the forest edge, fire was highly correlated with 
land cover changes, and most fires were detected in 
degraded forests (Langner et al, 2007). Another study of 
the massive fires that Borneo experienced during the  
El Niño drought of 1997-1998 found that these mostly 
affected recently logged forests, while primary forests 
were less affected (Siegert et al, 2001).

2.3.3 Thresholds

While all logging is bound to have some form of impact 
(Chaudhary, 2016), some studies have pointed to 
thresholds in logging intensity (normally measured in 
cubic meters harvested per year, but may also refer to 
frequency of harvesting), above which there is a marked 
increase in impact, including higher levels of biodiversity 
loss and degradation of the forest ecosystem and its 
resilience. At the extreme “point of no return” this degra-
dation can limit the ability of the forest (especially 
commercial, non-pioneer tree species) to recover on its 
own, and it may transform into a different ecosystem type 
altogether (e.g. savannah). There are three main reasons 
for this, namely: future crop and seed trees are killed 
during harvest; large gaps in the canopy favor growth by 
fast growing, low-value pioneer species; and logged 
stands are more fire prone, since they are dried out and 
full of woody debris.

To a certain degree, degraded forests have the potential 
to recover back to higher carbon and biodiversity value 
forest if left to regenerate naturally. However, lands that 
have been heavily degraded may become dominated by 
pioneer species and permanently “arrested” in an earlier 
successional state (Lawes and Chapman, 2006; Paul et 
al., 2004), especially if fire frequency increases 
(Cochrane, 2003). Other processes related to logging that 
may limit recovery include: topsoil erosion, reduction of 
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seed bank, and changes in microclimate and local rainfall 
patterns, and limited dispersal potential. Forest landscape 
restoration, including planting of seedlings and clearing of 
competing pioneer species, can play a role in reversing this 
vicious cycle (Wheeler et al, 2016; Chazdon et al, 2016).

There is also reason to believe, based on our very limited 
knowledge of tropical tree pollination, genetic exchange, 
and reproductive success, that every tree species will 
face local extinction below a certain density threshold, but 
that the precise value for this remains a mystery (Sist et 
al. 2003a, Schulze et al. 2008, in Zimmerman and 
Kormos, 2012).

In a study of 35 mammal and bird species in Brazilian 
Amazon, Ochoa-Quintero et al (2015) found that land-
scapes reduced to less than 30–40% forest cover hosted 
markedly fewer species. Initially, every 10% of forest lost 
resulted in the elimination of one or two major species, 
and this continued until the forest cover fell below a 
threshold of 43%, at which point the rate of biodiversity 
loss escalated and anywhere between two and eight 
major species disappeared per 10% forest loss. The 
researchers believe that fragmentation (and loss of 
connectivity between fragments) may play a key role in 
creating this tipping point, causing species to hunt and 
mate in ever-decreasing circles (Mongabay, 2015). The 
authors conclude that this suggests that reforestation and 
restoration efforts be focused in areas that are on the 
edge of this threshold.

Similarly, a study of Brazilian Atlantic forest found that 
forest specialist species decline rapidly below 30% forest 
cover (Estavillo et al, 2013). Another study suggests that 
logging should only occur at intervals greater than 40 years 
in order to maintain sustainability (Huth and Ditzer, 2001). 

A study in Malaysia, based on simulated growth modeling, 
suggests that a 40 year cycle, extracting 8 trees (60 m3) 
per hectare and an annual volume of 1.5 m3 per hectare, 
per year, is the best option to preserve ecological 
integrity, ensure the sustainability of timber yield, while 
maintaining economic profitability (Sist et al 2003b).
In a review, Zimmerman and Kormos (2012) arrived at 
several “rules of thumb” to avoid passing this threshold: 

• harvest intensity should not exceed 5 stems per 
hectare (they note that conventional logging is 
currently 2-3 times that, especially in Asia, where 
commercially viable trees occur in greater density);

• single canopy gaps should measure less than 500 
square meters; 

• the gap’s area should not exceed 10% of the 
canopy’s area; and 

• 85% of a stand’s basal area should be preserved 
(Struhsaker 1997, Sist et al. 2003a)4.

Martin et al (2015) determined that using RIL techniques 
could help stay within this threshold: RIL can be carried 
out at intensities below 60 m3 per hectare, while conven-
tional logging must be limited to intensities below 40 m3 
per hectare.

Thresholds, Climate, and Forest Collapse
One review (Lewis, 2006) suggests that much of the 
world’s tropical forest area may be approaching climatic 
thresholds beyond which widespread ecosystem collapse 
is expected, resulting in this biome becoming a large net 
source of carbon. This includes water availability falling 
below 1200–1500 mm rainfall per annum, whereby forests 
are replaced by savanna systems (Salzmann & Hoelz-
mann 2005), and increased incidence of fire. “As the 
world warms and periodically dries, more forest is likely to 
be susceptible to burning more frequently, increasing the 
number, size and severity of forest fires. As such fires 
increase carbon fluxes to the atmosphere, this would 
further increase air temperatures, hence increasing the 
likelihood that forests may burn, creating a potentially 
dangerous positive feedback” (Lewis 2006, p. 205-6). 
While not directly attributable to logging, it is the context 
in which tropical forest management occurs. 

4) Basal area is a metric used to calculate the total area (in square metres) of the cross section at breast height of all trees per hectare of land (NRCAN, 2018).

3: Reduced 
Impact Logging
Given conventional logging’s large impact, it is not sur-
prising that there is much room for improvement. While 
the impact of logging can be reduced in many ways, such 
as decreasing intensity, logging frequency, or by logging 
in secondary forests, “reduced impact logging” (RIL) typi-
cally refers to practices designed to minimize the amount 
of incidental damage done to the remaining forest in the 
course of harvesting target trees. 

Historically, most conventional selective-logging op-
erations in the tropics have been poorly planned and 
associated with excessive road-building activities, making 
it easy to identify ways to reduce the impact (Putz et al, 
2000). This can range from the planning level (e.g. mini-
mizing road networks) down to site/operations level (e.g. 
cutting vines and directional felling to minimize collateral 
damage). However, since there is no one definition of 
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what qualifies as RIL, it is difficult to broadly evaluate its 
merits or impact. 

One of the main points of debate here concerns logging 
intensity: that is, how many cubic meters of timber per 
hectare are extracted. Recent studies have emphasized 
that this needs to be taken into consideration (i.e. the 
evaluation of the merits of RIL must go beyond “how 
much damage per hectare” to “how much damage per 
cubic meter of wood harvested”). 

In a review by Putz et al. (2008), RIL was shown to 
reduce collateral damage by 20%–50%. However, a) 
advance regeneration of high-value timber species is 
often not present in residual stands to begin with and (b) 
regardless of whether RIL was implemented and whether 
advance regeneration was present, high logging intensi-
ties and low minimum cutting diameters usually left such 
a high percentage of the canopy in open gap (20%–50%) 
that the residual stand became colonized by fast-growing, 
light-loving vines and pioneer species.

Zimmerman and Kormos (2012), in an examination of 
several long-term plot, timber-yield, and modeling studies, 
principally in Southeast Asia and Amazonia, found that 
these studies “unanimously conclude that even with RIL, 
virtually all of today’s national forestry codes guarantee 
commercial depletion, if not extirpation, of most timber 
species within three cutting cycles.”

Some believe that studies concerning the impacts of log-
ging risk being biased towards better run logging opera-
tions, given that they depend on the allowed presence of 
researchers (Putz et al, 2012).

3.1 RIL AND BIODIVERSITY

In a recent meta-analysis of 287 published studies con-
taining 1008 comparisons of species richness in managed 
and unmanaged forests, Chaudhary et al (2016) found that 
RIL did reduce the impact of logging on species richness 
(compared to conventional selective logging, which 
reduced richness by 13%). However, in the case of trees, 
this may be due to the lower logging intensities typically 
associated with RIL (Martin et al, 2015). 

A study conducted in Guyana, claiming to be “the most 
comprehensive study to date to investigate the biodiversity 
impacts of RIL across multiple taxonomic groups,” found 
that RIL had a “relatively benign” effect on birds, bats and 
large mammals, based on observations made five years 
after logging (Bicknell, 2015).

One study in the Brazilian Amazon examined the short-
term impact of RIL on bird species, and found that the 
presence of bamboo provided refuge and aided species 
otherwise affected by logging (Chaves et al, 2017). 

3.2 RIL AND CARBON/BIOMASS

Because of the recent interest in forest carbon generated 
by REDD+, much of the research on RIL relates to the 
change in the amount of collateral damage produced per 
unit of merchantable timber following its introduction. 
In Putz et al (2012), RIL best practices are shown to be 
capable of reducing the carbon footprint of logging by 
24%. However, critics counter that this will take decades 
to recover (Kormos and Zimmerman, 2014).

A recent meta-analysis of 62 studies (mostly located in Asia 
and the Americas, with relatively few in Africa) claiming to 
be “the most precise meta-analysis of the impacts of tropical 
selective logging on carbon and tree biodiversity to date” 
found that RIL did reduce collateral damage, but did little 
to improve post-logging biomass or species richness once 
logging intensity was accounted for (Martin et al 2015). 

A recent study in the Brazilian Amazon found that one 
year after logging, biomass was reduced 14% by RIL 
and 24% by conventional logging, with corresponding 
merchantable species volume reductions of 21% and 
31%; the findings also support the claim that use of RIL 
techniques accelerates rates of biomass and timber stock 
recovery after selective logging (Vidal et al 2016).

A study in East Kalimantan found that RIL (including 
FSC-certified operations) did not substantially reduce 
carbon impacts compared to conventional logging. The 
authors believe it is because key RIL techniques were not 
implemented consistently, including: cutting only usable 
trees; leaving ecologically valuable trees standing; using 
cables rather than bulldozers to haul logs; and using 
directional felling to minimize incidental damage and bio-
mass loss to residual trees (Griscom et al, 2014).

A study of RIL in Gabon found that logging did not affect 
species richness, and that above-ground biomass was 
only reduced by 8.1%. However, this was based on very 
low intensity logging (0.82 trees/ 8.11 m3 per hectare), 
and for each tree logged another 11 were damaged 
(Medjibe et al, 2011).
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4: Forest 
certification in
tropical forests

Since the early 1990s, forest certification has been used 
as a tool to encourage sustainable management of forests, 
but in practice has produced mixed results. Evaluation of 
its effectiveness is complicated by the paucity of impact 
studies that are free of potential bias, as many of these 
are conducted by certification schemes and supporting 
organizations. In addition, many impact studies are focused 
on the ability of certification to stop deforestation, often 
evaluated at the country level using remote sensing 
technology, and may not reflect changes in forest 
management that this may not capture. Overall, it is 
difficult to isolate certification amongst many possible 
influences and attribute specific outcomes to it.

In light of these and other limitations of existing efforts, a 
recent paper by Romero et al (2017) proposes a roadmap 
for more comprehensive and systematic evaluation of the 
impacts of FSC certification. Hopefully future efforts will 
become more methodologically rigorous. 

Below, certification impact studies from a selection of 
tropical countries are presented. 

INDONESIA

A study in Kalimantan compared outcomes in certified and 
non-certified operations between 2000 and 2008 (Miteva 
et al, 2015). It was found that although certified operations 
reduced aggregate deforestation by 5%, there were no 
statistically significant impacts on fire incidence or core areas, 
and actually increased forest fragmentation (perforation, 
an important proxie for disturbance and species diversity 
and richness, increased by 4 km2 on average).

Another study in Kalimantan showed that seedling stem 
densities were higher in the certified forest site logged 10 
years previously than in primary forest, and came to the 
conclusion that this could indicate that “biodiversity values 
may be conserved by following certification procedures” 
(Arbainsyah et al, 2014). However, it does not indicate if 
the saplings are pioneer or generalist species (as 
opposed to commercial or rare species).

Griscom et al, (2014) found that FSC-certified concessions 
in East Kalimantan did not have lower overall CO2 emissions 
from logging activity (felling, skidding, and hauling).

The bigger picture for Kalimantan is that an estimated 
25% of lands allocated for timber harvesting in 2000 had 
their status changed to industrial plantation concessions 
in 2010 (no indication of whether these are certified areas 
or not)(Gaveau et al, 2013).

GABON

A study in Gabon found that although certified operations 
resulted in less damage to surrounding trees (9.1 and 
20.9 trees damaged per tree harvest, in FSC and 
conventional plots, respectively), when expressed as the 
impacts per timber volume extracted, the values did not 
differ between the two treatments (Medjibe et al, 2013). 
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5) Note that IFL figures reflects the amount of forest that qualifies as “intact” (i.e. large blocks of roadless area), and not the area of forest in general.

MEXICO

A study in Mexico found that the impact of certification on 
deforestation levels has been limited (Blackman et al. 2015).

PERU

In a study of certification in the Peruvian rainforest, Brotto 
et al (2010) claim that forest certification was the precursor 
to the establishment of a biodiversity conservation system 
in the forest. However, this study does not indicate what 
the actual impacts of certification were.

PERU AND CAMEROON

Panlasigui et al. (2015) evaluated the impact of forest 
certification in Peru and Cameroon on deforestation levels, 
but did not find any statistically significant differences 
between certified and non-certified areas. However, the 
authors note that this was based on an early evaluation, 
and that baseline levels of deforestation were already low 
to begin with.

CONGO BASIN: INTACT FOREST LANDSCAPES

Efforts to restrict FSC certification of logging operations 
within IFLs have met with strong resistance from logging 
companies that operate in these areas. A recent report on 
IFL in the Congo Basin found that between 2000 and 2013, 
IFL loss was twice as high in certified operations as in 
non-certified operations, and ten times as high as in forest 
outside logging concessions (Greenpeace 2017; Potapov 
et al, 2017). The report notes that over half of the IFL area 
was lost from the FSC-certified concessions, amounting 
to 1.3 million hectares5. This is not surprising, given that 
selective logging is the dominant cause of intact forest 
loss in Africa, as it relies on an extensive road network to 
reach low densities of commercially valuable trees.

CONGO BASIN: SOCIAL IMPACTS

A 2014 study by CIFOR on the social impacts of certification 
in the Congo Basin, found several benefits including: 
consistently associated with better working and living 
conditions; better governance conditions and benefit- 
sharing arrangements. The authors suggest that the 
positive social outcomes were the result of companies being 
required to set and respect a calendar of implementation 
of their commitments, which were then regularly checked 
in annual evaluations (Cerutti et al, 2014).

5: Long term 
fate of a logged 
forest

Any consideration of the sustainability of forest manage-
ment must take into consideration the long-term fate of 
the forest following logging, regardless of whether it was 
RIL or certified operation, and the vulnerability created by 
logging infrastructure. Most arguments in favor of RIL do 
not claim that RIL has no impact, rather that it is prefer-
able to RIL than to have the forest cleared entirely, and 
replaced with agriculture or other uses. This comparative 
baseline is also often extended to protected areas: the 
claim is that since protected areas face illegal logging 
and encroachment due to poor monitoring and enforce-
ment, active management and logging in a concession, if 
properly conducted, can result in a comparatively better 
outcome. But this fails to consider the problem that once 
these areas have been logged, access may no longer be 
controlled.

Part of the problem is due to socioeconomic effects of 
temporary logging booms, which act as population mag-
nets (Brandt et al, 2016). Much of the problem is related 
to the integrity of governance, monitoring and enforce-
ment capacity, and the likelihood that an area will suc-
cumb to additional pressures once it is made accessible. 

Industrial logging,  present in 28% of tropical forests 
worldwide, are likely the greatest single driver of road 
expansion in forest frontiers (Laurance et al, 2009), a 
vector for new pressures on the forest. Controlling road 
access is the most effective determinant of deforesta-
tion, as improving access to a forest area often creates 
strong pressures to deforest it (World Bank 2007, in ITTO, 
2014). Stronger governance in high forest cover countries 
has been shown to moderate these pressures and reduce 
deforestation rates (Bare, Kauffman, Miller, 2015).

A study in the Brazilian Amazon found that 16% of 
selectively logged forests were clear-cut within one year, 
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There are many different interpretations of what constitutes 
“sustainable forest management,” and it has become a 
controversial concept. Soon after the term was coined, 
it was adopted by industrial logging companies facing 
pressure from market campaigns, and a lack of an agreed 
definition has made it difficult to disprove these claims. 
Debate over what constitutes SFM can be traced to 
differing opinions over the fundamental question of what 
constitutes a “forest,” what values are to be “sustained,” 
and over what period of time.

Definition of “forest”: 
The most frequently cited definition is that of the FAO, which 
defines forest as an area greater than 0.5 hectare in size, 
with tree cover greater than 10%, capable of growing 
to over 5 meters high. There are several problematic 
elements with this definition, including its conflation of 
natural and plantation forests; the arbitrary tree cover 
threshold, and its failure to reflect forest degradation. The 
FAO’s explanatory note specifically states that forests that 
are “temporarily unstocked due to clear-cutting” are still to 
be considered forest (FAO, 2015). This lack of a common 
understanding on what constitutes a forest has major 
repercussions. It may prevent agreement on the extent of 
deforestation and forest degradation, and how to address 
the problem. It may also allow for claims of “zero net 
deforestation” to be made, even while plantations replace 
primary forest (Brown and Zarin, 2013). It also does not 
reflect the unique attributes and values associated with 
primary and intact forests.

Definition of “sustainable”:
Interpretations of what is to be sustained under SFM, and 
for how long, are wide-ranging. The ITTO’s definition of 
SFM is one of the most often cited:

“Sustainable forest management is the process of manag-
ing permanent forest land to achieve one or more clearly 
specified objectives of management with regard to the 
production of a continuous flow of desired forest products 
and services without any undue reduction of its inherent 
values and future productivity and without undue undesir-
able effects on the physical and social environment.”

The above contains several terms that allow for significant 
variation in interpretation. What objectives are sought? 
“Desired forest products and services” could mean just 
about anything. And what qualifies as “undue” and “unde-
sirable” effects? Finally, logging has often been linked to 
facilitating conversion of land designated as “permanent 
forest” to other uses, despite the presence of a forest 
management plan.

At one extreme, one could opt to manage for the “specif-
ic objective” of maintaining intactness of the forest, and 
associated ecosystem services. At the other, one could 
narrowly select to manage for the continuous production 
of timber volume. Intergovernmental organizations such 
as FAO and UNFCCC have opted for narrow definitions of 
what is to be sustained, primarily focused on timber yield 
and carbon stocks. The UN Forum on Forests defines 

6: Defining SFM

and 32% were cleared within four years, with 95% of all 
deforestation and fires occur within 50 km of highways or 
roads (Asner et al, 2006). 

A study in Southeast Asia showed that logging reduces 
harvestable yields of timber to uneconomical levels, leading 
to their abandonment and conversion to more profitable 
land uses, such as palm oil plantations (Edwards et al, 
2011). Another study in this region revealed that roads built 
by loggers to access high densities of valuable trees in 
lowland forests led to deforestation in sparsely populated 
protected areas (Curran et al, 2004). 

An Indonesian study concluded that improving govern-
ance offers the best hope of addressing the risk of forest 
fire and to have real and lasting impacts (Tacconi et al, 
2007).
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SFM holistically, requiring SFM operations to maintain the 
full complement of a forest’s ecological integrity (Kormos 
and Zimmerman, 2012).

One example of how this ambiguity is playing out in the 
literature is the debate over whether it is enough for SFM 
to sustain the yield of timber in general (with manage-
ment based on subsequent depletion of increasingly less 
desirable species), or based on maintaining commercial 
species over time (Putz et al 2012, versus Kormos and 
Zimmerman 2012). 

SFM remains an aspirational goal, but as nebulous a con-
cept as “sustainable development.” The true sustainability 
of operations currently claiming to be “SFM” will not be 
known for decades, as many forest processes affected by 
logging operate on very long-term time scales.

Pre-conditions to SFM:
Duncan Poore, in his book Changing Landscapes (2003), 
identifies a number of pre-conditions without which the 
achievement of SFM would be very difficult. 

They included:
• Appropriate national policies and supporting legisla-

tion, and public support for these;
• An appropriate government structure to ensure the 

effective implementation of these policies, including 
the necessary connections between relevant sectors;

• Prescriptions for action based on best practices;
• Guidelines for all important forestry operations in 

both natural and planted tropical forests;
• High implementation standards;
• Adequate capacity in terms of institutions, staff 

numbers, qualifications, commitment and conditions 
of service.

While this may not contribute directly defining what consti-
tutes SFM, many of these pre-conditions clearly speak 
to the importance of governance in achieving desired 
outcomes.

A proposed definition for SFM:
Based on the discussion above, the following definition of 
SFM is proposed:

Sustainable forest management: Forest management that 
sustains species-specific timber yields in perpetuity while 
maintaining the ecological integrity of the forest (a forest’s 
full complement of ecosystem services and societal 
values).

The following questions should be taken into considera-
tion in determining whether forest management is sustain-
able or not:

WHO manages the forest: 
Management prioritizes local control of forests and 
broader land use decision making processes, based on 
the recognition of traditional rights and establishment of 
tenure and commercial rights where necessary.

WHERE does forest management occur: 
Management is limited to forests that have already been 
subject to logging or other forms of human disturbance 
to the ecological forest function, apart from non-industrial 
traditional uses. Management should not increase the 
vulnerability of the forest to unregulated access. 

Given what we now know about the disproportionate im-
pact on both biodiversity and carbon storage that occurs 
with the introduction of logging into intact forest land-
scapes (both initially and through increased vulnerability), 
and given that there are less than 20% of the world’s 
tropical forests that qualify as “intact,” it is very difficult to 
justify IFL logging as sustainable, let alone suggest that 
funds designed to reduce deforestation and forest degra-
dation should be supporting such activity. 

The 80% of tropical forests that no longer qualify as 
“intact” due to introduction of roads and other infrastruc-
ture, remain available for forest management, including 
restoration and rehabilitation work. This part of manage-
ment is currently underfunded, due to it being costly and 
because the rewards are public (carbon sequestration, bi-
odiversity, reducing vulnerability to fire) and long term. In 
contrast, logging within IFLs generates short-term private 
wealth but has a high level of impact, drawing down forest 
biodiversity and carbon. This 80% also includes areas of 
primary forest that are too small to qualify as “intact” but 
still contain high values for biodiversity and carbon inten-
sity, and these should be managed sustainably and in a 
way that does not compromise those values or increase 
vulnerability.

WHAT is to be maintained, and for how long?: 
Management should seek to maintain species-specific 
timber yields in perpetuity, along with a full range of eco-
system services and non-timber forest products.

HOW is the forest managed: 
Management is conducted in a way that restores and 
maintains ecological function and reduces vulnerability 
to natural disturbances, illegal access and conversion to 
other uses. Harvesting intensity and frequency is limited 
to that which avoids surpassing critical thresholds.

The strong likelihood of secondary impacts of logging 
suggests that these should be taken into consideration in 
any meaningful definition of SFM, including risks associat-
ed with increasing access to the forest. The precautionary 
principle should be exercised in ensuring that thresholds 
in logging intensity are not exceeded.
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