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Executive summary

functional zoning based on land-use capabilities 
and other factors. Unfortunately, research on 
tropical silviculture is currently insufficient to 
provide clear insights about the many tradeoffs 
associated with each possible intervention (e.g. 
timber production versus biodiversity retention, 
profits from timber sales versus maintenance of 
hydrological functions). In most of the tropics, 
large-scale, long-term silvicultural research 
efforts that are designed to inform decisions 
about forest fates are still lacking. Funds for 
that research should be forthcoming from 
forest-based efforts to mitigate climate change 
through increased carbon sequestration and 
from efforts to restore degraded forests. In the 
absence of solid interdisciplinary landscape-scale 
research, the value of forests spared from outright 
conversion will decline as a result of ill-informed 
management decisions.

There are many silvicultural options for tropical 
forests that are spared from conversion for 
agriculture but not from commercial use for timber 
production. These options are summarized in 
three general trajectories that describe increasing 
silvicultural intensities and consequent increasing 
forest domestication. The silvicultural approaches 
discussed include: changes in timber harvesting 
regimes from polycyclic (e.g. single tree selection) 
to monocyclic (e.g. shelterwoods); treatments 
to increase growth of future crop trees (e.g. 
liberation thinning); treatments to promote 
natural regeneration (e.g. seed tree retention 
and soil scarification); and artificial regeneration 
(e.g. enrichment planting). The environmental, 
social and economic benefits of natural forest 
management will be maximized where these 
and other silvicultural treatments are applied in 
appropriate landscapes, as determined through 



Caveats and disclaimers

Although the focus of this paper is on the future of 
tropical production forests and emphasizes timber, 
this should not be interpreted as deprecating 
the importance of other land uses, products and 
services. Protected areas, agroforests, trees-on-farms 
and non-timber forest products all play critical 
roles in conservation and development but are only 
marginally addressed in this document. Similarly, 
in full recognition of the overwhelming importance 
of the socioeconomic and political contexts of 
production forests, the focus here is on silvicultural 
approaches to natural forest management. While 
we recognize the importance of good governance 
(e.g. participation, transparency, accountability 
and predictability) to sound forestry, the emphasis 
here is on forest management practices. Finally, 
although we describe shortcomings of forestry in 
the tropics, many of the same deficiencies apply 
equally well in temperate and boreal areas.

Lest we disappoint readers or cause them to 
feel that their interests or contributions were 
unjustifiably disregarded, we want to make 
clear what this paper is and is not. First, we 
focus on the future and do not pretend to 
review the extensive literature on tropical 
forestry – to which we refer readers to Wyatt-
Smith (1963), Baur (1964), Lamprecht (1993), 
Wadsworth (1997), Louman et al. (2001) and 
Gunter et al. (2011). Second, although we 
make use of plot-based research results, our 
focus is on what is happening and likely to 
happen outside of experimental areas and at 
landscape scales. Third, we emphasize forest 
management practices without particular regard 
for the worldviews of the agents who employ 
these practices, except when the likelihood 
of practice adoption varies among agents in 
predictable manners.



1  Introduction

of rubber, oil palm or wood fiber) or set aside as 
protected areas. Along the second trajectory, the 
forest is still repeatedly logged but the harvests 
are less frequent and reduced-impact logging 
(RIL) techniques (Dykstra and Heinrich 1996) 
are employed. The third trajectory involves 
the same RIL practices combined with other 
silvicultural interventions of various intensities. 
Before discussing the three trajectories, the 
differences between forest degradation and forest 
management are reviewed, reference conditions 
(i.e. comparators) for managed forests are 
considered, the general geographical contexts 
of tropical production forests are described and 
the economics of production forest fates are 
outlined. The overall goal of this paper is to 
inform discussions and decisions about forest 
management and conservation options available to 
a diversity of stakeholders across the full spectrum 
of tropical landscapes. The simplifications 
inherent in consideration of only three trajectories 
are acknowledged, as are the limitations in our 
perspectives, but we hope that what we present 
proves useful.
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The fates of natural production forests in the 
tropics will continue to be determined by 
market forces, labor availability, governmental 
policies, qualities of governance and institutional 
frameworks (e.g. tenure and rights allocation), 
and cultural values, which all interact with the 
diverse impacts of climate change and the many 
effects of globalization (Putz and Romero 2014). 
Of these factors, financial issues, as affected by 
governnmental policies, their enforcement and 
institutions, will most often determine whether 
forests are degraded or managed (e.g. see Roda 
et al. 2015). These financial considerations are 
mediated by security of property rights (Agrawal 
et al. 2008), which in the case of forests includes 
concession granting (Karsenty et al. 2008), 
economic policies (Chomitz et al. 2007; Rautner 
et al. 2013) and cultural proclivities (Coomes 
et al. 2008; Feintrenie et al. 2010; Meijaard et 
al. 2013). Overall, if there is to be widespread 
replacement of exploitative timber harvesting 
by responsible forest management, and if this 
change is to help maintain semi-natural forest 
cover, radical changes are needed in the culture 
and practice of forestry. Furthermore, responsible 
natural forest management needs to be better 
understood and more widely accepted where it 
is an environmentally, socially and economically 
viable approach to conservation and development. 
It also needs to be kept in mind that decisions 
affecting forested lands lie at the intersection of 
socioeconomics and politics, as framed by diverse 
and often contested visions for the territory where 
forests are located.

Three different theoretical trajectories for tropical 
production forests constitute the core of this 
Occasional Paper (see Figure 1). The first represents 
the business-as-usual scenario in which forests 
are repeatedly but sporadically logged until they 
are converted to some non-forest land use (e.g. 
cattle ranches, agricultural fields or plantations 

Figure 1. Representation of three likely trajectories 
(T1–T3) for natural production forests in the tropics.
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1.1  Forest management versus forest 
degradation

Trained crews carrying out logging as part of a 
silvicultural system designed to sustain timber 
yields while maintaining the forest’s capacity 
to provide other goods and services, should be 
considered management and not degradation 
(Thompson et al. 2013). This conclusion stands 
even though timber harvests and other silvicultural 
treatments – no matter how carefully performed – 
decrease forest carbon stocks at least temporarily 
while modifying forest structure and composition. 
In fact, modification of forest structure 
and composition is the goal of silvicultural 
interventions. It is therefore unavoidable that 
what is management to one person is degradation 
to another. Justifiable differences of opinion 
about what constitutes degradation (Morales-
Barquero et al. 2014; Ghazoul et al. 2015) are 
distressing insofar as policies designed to avoid 
or mitigate degradation will need to be based 
on explicit definitions. Given that managed 
temperate and boreal forests are not considered 
degraded, we cannot condone the inherent bias in 
reserving this derogatory designation for managed 
tropical forests.

From a carbon emissions perspective, whether 
or not a forest is degraded depends on where the 
measurements stop. To clarify, it is becoming 
increasingly clear that managed forests may 
sequester more carbon than those that are 
unmanaged, at least if harvested stands recover 
their carbon quickly and if a portion of the 
harvested timber is used in place of concrete, 
steel or other carbon-intensive materials, or as a 
substitute for fossil fuels (van Kooten et al. 2014). 
Although forest-based climate change mitigation 
projects in the tropics are not yet required to carry 
out full lifecycle analyses of the fates of forest 
carbon, that requirement looms large (see Section 
1.6.1).

Tropical forestry suffers a terrible reputation for 
environmental and socio-economic abuses that 
is too often well deserved (e.g. Zimmerman and 
Kormos 2012). With increases in the urbanization 
of human populations and consequent decreases 
in direct exposure of the populace to natural 
resource management activities, this demonization 
is unlikely to diminish. In an essay entitled Are 
you an environmentalist or do you work for a living? 

Work and nature, White (1995) explores this 
tendency in general terms. However, the status of 
loggers is even worse than that of most resource 
managers (Putz 2004). The assumption that 
tropical forests are clear-cut for timber and the 
more nuanced but often fallacious assumption 
that logging somehow causes deforestation are 
both widespread. Even environmental scientists 
who recognize the importance of logged and 
managed forests for the retention of biodiversity 
focus on ways to keep logging from happening 
rather than on improving the practices utilized in 
logged stands (e.g. Edwards et al. 2014). More to 
the point, their focus is often on demarcation of 
protected areas within logging concessions rather 
than on improvements in silvicultural practices. 
The low regard for timber-based forestry is also 
evident in the staffing of international forestry 
research organizations such as the Center for 
International Forestry Research (CIFOR). During 
its 20 years of existence, social scientists have 
always abounded at CIFOR and seldom was there 
a shortage of other sorts of experts, but scientists 
with expertise in silviculture or forest engineering 
have often been scarce. Many international 
donors share this apparent low regard for the core 
traditional disciplines of tropical forestry; their 
opinion perhaps justified by the many millions 
of dollars wasted on failed attempts to reform the 
tropical forestry sector.

Fundamentally, if production forestry in 
the tropics is to continue, there needs to be 
cultural shifts from timber exploitation to forest 
management, from short-term profit-taking 
toward sustainable forest management (SFM), 
from a focus on single commodity production to 
multiple objective forest management, and from 
stand-level to landscape-level perspectives (e.g. 
Sayer et al. 2013). To a limited extent, some of 
these transitions have been made in some tropical 
forest management units (FMUs; e.g. concessions, 
community forests and private land holdings), 
often in the absence of governmental support (e.g. 
Katila et al. 2014). We need to understand why, 
where and when these changes have happened, 
and by whose instigation (e.g. Ongolo and 
Karsenty 2015). Miner et al. (2014) claim that “[t]
he demand for wood keeps land in forest, provides 
incentives for expanding forests and improving 
forest productivity, and supports investments in 
sustainable forest management,” but it is not clear 
if and where this statement applies in the tropics.
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Environmentally, socioeconomically and politically 
appropriate natural forest management in the 
tropics is impeded by forest and other policies 
that do not recognize differences in land-use 
capabilities, differences in the expectations of forest 
owners and other stakeholders, the vast differences 
among species in their silvicultural requirements, 
and the wide variety of available silvicultural 
alternatives. Landscape scale sustainability, 
including biodiversity retention and realization of 
production goals, will best be served by functional 
zoning based on the full range of relevant 
biophysical, social, historical and other factors (e.g. 
Schöngart 2008; Messier et al. 2009; Grau et al. 
2013; Wu 2013; von Wehrden et al. 2014; Law et 
al. 2015). Perhaps the systematic review of tropical 
silviculture underway by Petrokofsky et al. (2015) 
will reveal much of the information needed to 
guide functional zoning decisions at the forested 
end of the land-use planning process. However, 
based on other reviews of this topic (e.g. Günter et 
al. 2011), this seems doubtful. Instead it appears 
that even what seem like the most straightforward 
questions about tropical silviculture, such as 
whether reduced-impact logging is more or less 
profitable than conventional logging, do not yet 
have definitive answers (see Section 1.6). Even 
less is known about the biodiversity and other 
environmental effects of silvicultural treatments 
other than logging, or the financial cost-
effectiveness of these interventions.

If responsible production forestry in the tropics 
is to be successful, the inherent tradeoffs need to 
be recognized, their costs made explicit and the 
benefits made visible. To a large extent it is not 
difficult to recognize responsible practices. For 
example, workers should employ safe practices, 
streams should not be blocked or polluted, 
environmentally and silviculturally undesirable 
stand damage should be avoided, and social 
conflicts should be appropriately addressed. 
But when it comes to nuanced or even drastic 
but intentional changes in stand structure and 
composition, the issue of the appropriate reference 
state needs to be addressed (see Section 1.2). In 
other words, when forestry activities are assessed in 
terms of their impacts, it is critical that undesired 
impacts (i.e. degradation) are differentiated from 
intentional impacts. Admittedly, most silvicultural 
interventions result in at least temporary 
reductions in biomass and changes in species 
composition, but such changes are transient 

and short timescales are not appropriate for 
evaluation of forest management (de Avila et al. 
2015). Again, the fundamental difference between 
degradation and management relates to whether 
the observed changes were intentional and part of 
an approach to silviculture or incidental impacts 
of timber exploitation. Finally, if responsible forest 
management is to be promoted across the diversity 
of forest conditions and forest stakeholders, these 
concepts of management and degradation need to 
be appropriately negotiated and tailored (Goldstein 
2014). At the least, anyone involved in a discussion 
of forest degradation should insist on clarity about 
what is meant by the term.

1.2  With what should managed 
forests be compared?

The use of primary forest as the baseline or 
reference condition against which to measure 
managed and degraded areas, which we recently 
recommended (Putz and Romero 2014), is 
challenging and perhaps wrong for both analytical 
and normative reasons. For one thing, it is 
becoming increasingly difficult to find primary 
forests with which to compare. Then there is 
the growing sentiment that the very concept of 
primary forest is outmoded given the increased 
recognition of the near ubiquity of human 
influences on nature (e.g. Ellis et al. 2010). Some 
researchers (e.g. Hobbs et al. 2013) go so far as to 
suggest that society accept as the “new normal” 
ecosystems that are novel in terms of structure, 
composition and dynamics.

Many traits of primary forests are inimical to 
sustained timber yields. For example, the clusters 
of huge, slow-growing, large buttressed trees that 
characterize many primary forests (Figure 2) are 
not silviculturally suitable where timber yields 
are to be sustained over financially viable cutting 
cycles. Timber yields can be sustained and 
these characteristics retained only if the harvest 
intensities are very low, cutting cycles are long and 
logging is carried out with exceptional care (Sist 
et al. 2003a, 2003b) but waiting more than 60 
or 100 years for the next harvest is economically 
viable under only the most peculiar and unrealistic 
conditions (e.g. zero or negative discount rates 
and no other viable land uses). If yields are to be 
sustained under a polycyclic (i.e. uneven aged) 
management regime with more acceptable or at 
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least typical cutting cycle durations (e.g. 25–30 
years), then at least some of the traits of primary 
forests will unavoidably and intentionally be lost 
under the required silvicultural regime (e.g. Dauber 
et al. 2005; Peña-Claros et al. 2008). The required 
interventions will cause even greater departures 
from the primary forest reference state if the main 
commercial timber species are light-demanding 
(Fredericksen and Putz 2004). These interventions 
(e.g. liberation thinning, soil scarification and 
enrichment planting) are implemented for the 
expressed purpose of changing forest composition 
to favor trees of commercial species (de Avila et 
al. 2015). Unfortunately, at least from a timber 
yield perspective, these silvicultural treatments 
are seldom applied outside of the experimental 
plots where they were shown to be effective. 

This lack of spontaneous commercial adoption of 
recommended silvicultural techniques is testimony 
to the failure of researchers to appropriately 
design their studies, their failure to communicate 
their results effectively and/or because these 
interventions are cost prohibitive.

A fundamental issue is that when a stand is 
managed principally for a few species or often 
just one life form (e.g. trees or palms), it is by 
definition managed against many others. For 
example, forest management for well-formed 
trees of commercial species is, to varying extents, 
management against trees with poorly shaped or 
hollow boles, lianas, hemiepiphytes (e.g. many 
Ficus spp.), giant understory herbs (e.g. Heliconia 
spp. and Musa spp.), shrubs (e.g. Acanthus 
pubescens) and palms (e.g. Eugeissona tristis). 
Changes in stand structure and composition 
of course vary with intensity of silvicultural 
intervention (e.g. cutting of all lianas or only those 
on future crop trees), as well as with the success of 
those interventions at achieving their silvicultural 
goals. Where applied effectively and intensively, 
the biodiversity and associated impacts can be 
substantial and natural forest takes on many of the 
characteristics of plantations.

In contrast to forest management, log mining (i.e. 
high-grading, creaming or exploitative timber 
harvests) changes stand composition through 
depletion of commercial tree species, increases 
in the relative abundances of non-commercial 
trees (e.g. Imai et al. 2014), and proliferation 
of lianas, shrubs, giant herbs, ferns and other 
non-arboreal life forms. The impacts of this 
exploitative trajectory on stand composition could 
be differentiated from management impacts on 
the basis of changes in the relative abundances 
of different species and life forms. However, the 
assignment of value to those different life forms 
requires participatory and transparent processes to 
elucidate the normative values of the appropriate 
stakeholders. For example, post-logging increases 
in the abundance of non-commercial, shade-
tolerant, understory trees that produce fleshy fruits 
would be a positive change for wildlife (Costa 
and Magnusson 2003), a negative one for timber 
production and probably not affect hydrological 
services. Similarly, liana elimination might be 
a boon for timber production but have severe 
biodiversity impacts (Putz et al. 2001b). Which of 
these perspectives takes precedence will need to be 
negotiated on almost a stand-by-stand basis.

Figure 2. Primary tropical rainforests with clusters 
of large trees with big buttresses might not be 
a suitable reference condition against which to 
evaluate the impacts of silvicultural treatments 
on the structure (e.g. standing stocks of timber) 
and composition of forests managed for profitable 
yields of timber (Photo by FE Putz).  
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1.3  Sustained timber yields, a basic 
tenet of responsible natural forest 
management

Compared to the easy-to-invoke but hard-to-capture 
concept of SFM, the concept of sustained timber 
yields (STY) seems relatively straightforward. STY 
means that timber yields do not diminish over 
time. However, diminish relative to what starting 
volume? Often primary forest is taken as the baseline 
or reference state but is it reasonable to expect a 
managed forest to recover in a financially viable 
cutting cycle the volumes of timber that might 
have taken centuries to accumulate before the first 
cut? When researchers calculate the time needed 
for timber volumes to return to this primary forest 
reference level in polycyclic management regimes 
(i.e. multiple-age, selective logging), their estimates 
are generally much longer than the minimum 
cutting cycles established by governments, which 
are usually 25–35 years. But what if timber 
volumes in tropical production forests need only 
to return to 50% or 75% of primary forest levels? 
This seemingly radical departure from convention 
is apparently accepted in forests of the Pacific 
Northwest of the USA, why not in the tropics 
as well? Given that global production of tropical 
timber from natural forest has already passed its 
peak (Shearman et al. 2012) and many stands are 
being commercially logged for the second and third 
times, reconsideration of exactly what constitutes 
STY seems warranted.

Claims of STY deserve careful scrutiny, but if 
sustaining forests is the goal, perhaps flexibility is 
justified. Commonly, the way timber stocks are 
calculated evolves over time to include more species 
and trees of smaller stature and lower quality. 
Some critics are dubious about these changes in 
definition. But they do reflect changes in markets 
and the smaller profit margins when forests are 
harvested for the second and third time without 
silvicultural interventions to increase stocking and 
growth of commercially valuable species.

These considerations about STY remain based on 
comparisons with primary forest, which become less 
relevant and less possible over time. Recent enacted 
forestry regulations in Indonesia avoid this problem 
by sidestepping the fundamental idea of a minimum 
cycle in forests managed under its selective harvest 
(i.e. Tebang Pilih dan Tanam Indonesia, TPTI) 
guidelines. Rather than specify a minimum time 
between harvests, stands can be re-entered when 
they have >40 m3/ha of commercial timber, as 

determined by decadal inventories. The financial 
attractiveness of this approach to loggers is obvious; 
if not too much time has elapsed, re-harvesting 
costs are generally low due to the availability of 
previously constructed roads, log landings and main 
skid trails. Instead of criticizing any reductions in 
minimum felling cycles (e.g. Arroyo-Mora et al. 
2014), perhaps tropical silviculturalists need to 
accept that multi-decadal inter-harvest delays are 
simply not financially viable and develop ways to 
make alternatives more environmentally sound 
(Schöngart 2008). That said, the proportion of 
harvestable volumes for the second and subsequent 
cuts that represents recruitment and growth should 
be differentiated from wood from trees that were 
passed over until changes in species acceptability 
or decreased quality standards rendered them 
marketable; wood from trees of the latter sort should 
not be used to bolster claims of STY.

After application of the mono-cyclic Malayan 
Uniform System to lowland forests in Peninsular 
Malaysia, the government set the cutting 
cycle at 60 years, which was considered to be 
sufficient for timber stocks to recover (Okuda 
et al. 2003) but was apparently too long for 
loggers to wait. The few lowland dipterocarp 
forests that escaped conversion into oil palm 
plantations were re-harvested long before the 
end of the designated cutting cycle, generally 
with governmental approval. The message here 
is that the long cutting cycles often advocated 
by researchers concerned about sustainability 
are unlikely to be adhered to, even if nominally 
required by governmental regulations. Clearly 
the time value of money is simply too high 
for loggers to wait, and government officials 
generally accommodate their requests and permit 
premature re-entry logging. People concerned 
about environmental sustainability, future timber 
yields and intergenerational equity should push 
for acceptance of long cutting cycles. However, 
with forest conversion such a financially attractive 
option, arguing for the mitigation of the 
deleterious impacts of intensification of all aspects 
of management might be more efficacious.

1.4  Geographies of production forest 
fates

Forest fates are often correlated with their 
accessibility, which substantially influences the 
profitability of different land uses. This relationship 
was captured in a graphical model that was first 
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proposed by von Thünen (1966), later adapted by 
modern economists and geographers (e.g. Chomitz 
et al. 2007; Southworth et al. 2011; Angelsen 
and Rudel 2013), and then further modified to 
emphasize the high cost of securing property rights 
near forest frontiers (Hyde 2012) (see Figure 3). 
The basic idea is that improved access increases 
potential land rents while spurring immigration 
and promoting good governance. Support for these 
trends derives only in part from the fact that many 
areas that are and will remain remote are otherwise 
unsuitable for intensive land uses due to steep 
slopes, high elevations, particularly infertile soils or 
social unrest.

A von Thünen approach will be used in this paper 
but one caveat first needs to be registered. This 
model, at least as generally used, is based on an 
assumption that distance to markets (or travel time 
or transport costs) determines the profitability of 
different land uses but is not specific about the 
nature of these markets (e.g. whether they are formal 
or informal). Where the determiners of forest fates 
are tightly integrated into international, national or 

at least regional markets, it makes sense to assume 
that the market of interest is located near the closest 
city or port to which products are delivered. What 
is questioned here is the assumption of a single 
market and hence a single metric for accessibility. 
Where the focus is on plantations and agricultural 
crops, this assumption seems reasonable. In contrast, 
accessibility as measured for these sorts of land 
uses does not pertain if the forest fate deciders 
are subsistence farmers or actual forest dwellers. 
Although few farmers are entirely subsistence 
oriented, many are only marginally integrated into 
even regional markets. For those people, distance 
or travel time to cities, mills or transportation hubs 
matters little to their land-use decisions. And while 
road construction facilitates their access to land, 
the quality of those roads is not so important. For 
example, roads constructed by loggers facilitate 
extensive forest clearing by swidden farmers in 
Indonesia even after those roads become impassable 
by vehicles (see Figure 4). That said, distance 
along those roads to formal markets seems to have 
little influence on the forest clearing practices of 
these farmers.

A = intensive agriculture
B = plantation agriculture/ranching
C = plantation forestry
D = natural forest management
E = reduced-impact logging
F = exploitation of timber and NTFPs
G = protection

Foresry Land Value

Agricultural 
Land Value

Distance to markets, transport costs or remoteness
Land tenure insecurity
Decreased land-use capability
Decreased human population density

Financial pro�ts

Land-use intensity

Ecosystem simpli�cation

Biodiversity loss

A B C D E F G

Figure 3. A modified von Thünen diagram depicting the relationship between accessibility and its 
correlates with land-use intensity and profitability.
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Some of the present deforestation threats in 
tropical production forests can be traced back to 
when governments first gazetted lands without 
regard to the seemingly legitimate land claims of 
local people (e.g. Sears and Pinedo-Vásquez 2011; 
Hecht et al. 2014). While the criminalization of 
traditional land uses is unethical, clear conflicts 
between production forestry and traditional 
agriculture are often yet to be addressed. 
For example, forest concessions in Kalimantan 
(50,000–150,000 ha), Indonesia, typically host 
5000–10,000 people in 5–15 villages (Ruslandi 
et al. 2015). Concessionaires are expected to 
negotiate with these people and do so in various 
ways with various outcomes. Unfortunately, 
cultural, linguistic, religious and power differences 
characterize the negotiations, which are plagued 
with misunderstandings. Given the acceleration 
of tropical forest concession granting and the 
apparent deceleration of tenure granting to 
rural people (Corriveau-Bourque et al. 2014), 
avoiding such misunderstandings is a paramount 
concern. Despite the deficiencies in company-
community relations, the widespread and rapid 
clearance of forests by swidden farmers when 
concessions are abandoned suggests that the 
negotiated agreements between concessionaires 
and villagers are at least somewhat effective in 
slowing deforestation. Where forestry operations 
serve as a magnet for forest colonists, the challenges 

are somewhat different. In one famous case in 
Africa, for example, the Congolaise Industrielle 
des Bois (CIB) concession now hosts thousands of 
people, most of who reside in a town that emerged 
around a timber processing facility (personal 
communication from J Poulson, March 2015).

Another geographical characteristic of forests 
that influences their fate is their spatial extent. 
Forest fragments isolated by deforested land or 
other sorts of matrix vegetation unsuitable for 
forest species (e.g. well-manicured plantations) 
are susceptible to edge effects as well as to the 
longer-term consequences of isolation of small 
populations. Small patches of forest, especially if 
previously high-graded of their valuable species, 
yield only small profits when harvested again, 
which often precludes silvicultural interventions 
with substantial set-up costs. For example, due 
to the costs of transporting bulldozers, excavators 
and other large machines, industrial scale logging 
is only profitable in forests >100–500 ha. Where 
forest properties are smaller, owners can band 
together to reduce operational costs and thereby 
attract loggers. This sort of collaboration among 
property owners is also financially favorable if each 
owner can thereby avoid the often substantial costs 
of writing and registering management plans and 
then administering timber harvests (e.g. Sist et 
al. 2014a).

1.5  Tenure regimes in tropical 
production forests

To predict the fate of an area of land, it helps 
to know who owns it and what constitutes 
ownership – from informal tenure and rights 
to fully recognized rights and responsibilities 
(e.g. Corriveau-Bourque et al. 2014; Putzel 
et al. 2015). Tenure is a bundle of different 
rights held with different strengths for different 
durations. Owners can include governments, 
communities (indigenous and otherwise), and 
private individuals and firms. Forestland owned 
(or at least claimed) by governments can be 
designated for protection or conversion, parceled 
out in concessions, or remain unclassified, and all 
of these designations are subject to change (e.g. 
Phelps et al. 2010; Mascia and Pallier 2011). For 
example, concessions can be of various durations 
and include a variety of rights and responsibilities 
ranging from short-term logging contracts to 
long-term and renewable concessions of >30 years. 

Figure 4. Imperata cylindrica (alang-alang) 
grassland in an abandoned forestry concession 
within a government-designated production forest 
in West Kalimantan, Indonesia. After abandonment 
by a parastatal concession, the area was rapidly 
cleared by swidden farmers, then invaded by 
pyrogenic grass and subjected to frequent fires. The 
Ministry of Forestry still claims the area as part of its 
forest estate (Photo by Ruslandi).
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The concept of community ownership of land 
is more complicated, with rights ranging from 
non-commercial usufruct to the full set of rights 
that accompany full ownership (i.e. exclusion, 
due process and compensation, and unlimited 
duration). Along that complex continuum 
of tenure rights, communities can parcel out 
portions of their lands to individuals or hold 
and manage the land communally. Lands in all 
tenure categories range in size, suitability for 
different uses and pertinent regulatory regimes. 
At the same time, landowners vary in their utility 
functions (i.e. their preferences or what they want 
to maximize or optimize), planning horizons, 
access to financial capital and labor, individual 
capabilities, and personal predilections. Finally, 
many of these designations are questioned, such as 
where governments have granted concessions for 
lands claimed by local people. Recognition of these 
competing land claims is increasing, particularly 
in Latin America and potentially in Indonesia 
(Kelly and Peluso 2015), but contested land claims 
continue to characterize much of the production 
forests in the tropics.

Here we are concerned with the ways land tenure 
might influence the fates of tropical production 
forests, particularly in regards to their silviculture. 
While we support the return of large areas of 
tropical forest to the people from whom they 
were wrested by governments and others, we do 
not believe that this act alone will spontaneously 
lead to large-scale forest protection or sustainable 
management (e.g. Gould 2006). In contrast, 
smaller scale and higher intensity management 
of natural forests and plantations is more likely 
where local people have secure tenure, especially 
if they have seasonal labor surpluses (Batra and 
Pirard 2015).

1.6  Economics and the fates of 
production forests

From a global environmental perspective, leaving 
tropical forests unlogged, gold and coal un-mined, 
and petroleum reserves un-tapped would be ideal. 
While the leave-it-alone option might seldom be 
exercised for any of these resources, there are places 
where forests should be left unexploited for reasons 
of low profit margins, or high environmental or 
cultural costs. For whatever reason, where society 
values unlogged forests for their biodiversity, 
ecosystem services, recreational potential or 

aesthetic values more than for the profits from 
resource exploitation, protection is possible even if 
the opportunity costs of that option are substantial. 
There may also be places where, after the harvest 
of scattered precious timbers, the opportunity 
costs of forest retention are low enough to render 
protection feasible (Rice et al. 1997). Given the 
infrastructure required for even exploitative logging 
and the facilitation of land-use intensification 
by even the most rudimentary roads, there are 
likely few places where the log-and-preserve 
option is viable.

Production forest fates are often determined by 
economic factors. However, assessment of those 
factors is fraught with challenges mostly related 
to lack of quality data, failure to account for 
spatial and temporal variability in profit margins, 
unjustified faith in market incentives based on the 
capture of environmental and social externalities, 
and the need to consider the perspectives of a 
variety of stakeholders not all of whom share the 
same preferences (Applegate et al. 2004). At its 
most simple, any conclusions about the economic 
competitiveness of production forestry as a land 
use need to be informed by reliable financial 
data about forest management costs and benefits 
from the FMU’s perspective. Unfortunately, to 
avoid taxation (senus latu, which includes both 
official and unofficial taxes), it is generally to a 
firm’s financial advantage to exaggerate costs and 
to minimize profits. If FMUs are directly linked 
with exporters or processing industries, then 
data distortion can be an integral component of 
“transfer financing” schemes. Then there is the 
problem of using out-of-date data (e.g. Fisher et 
al. 2011; Ruslandi et al. 2011), which is often 
understandable given the rapidly changing 
world of tropical forestry. Finally, there is the 
challenge of accurately capturing the costs of 
governmental corruption, which can be substantial 
(Cerutti et al. 2013).

In a highly regulated industry such as forestry in 
which there are large numbers of administrative 
requirements, opportunities for corruption abound 
and the cost of legality can exceed the likely profits 
from forest management. The proliferation of 
unofficial ‘administrative’ costs is fostered by the 
remoteness of many forest operations. The lack 
of transparency in forest industries, which might 
provide some tax advantages, also renders firms 
prone to the depredations of corrupt government 
officials. Every time an annual cutting permit 
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needs to be approved, every harvesting operation 
inspection, each log that needs to be scaled and 
graded, every logging truck that passes a checking 
station, and every load of logs that needs to be 
consigned for shipping provides a ready-made 
opportunity for graft. To facilitate each of these 
administrative steps, forestry firm representatives 
often need to make unofficial payments to 
government officials. Such payments are often 
accepted as part of the cost of doing business and 
are counted as administrative fees. Lest readers 
think that this hard-to-substantiate but generally 
accepted conclusion pertains only to tropical 
forestry, note that avoidance of corruption is one 
reason why employees of the US Forest Service 
involved in timber sales are regularly required to 
change districts and even states.

A good example of the difficulties in assessing the 
financial aspects of tropical forestry operations 
are provided by published attempts to address the 
question of: “Is RIL cheaper?” The first challenge 
is to unpack that question into its components: 
cheaper to whom, per cubic meter or hectare, 
at what discount rate, over what time period 
and with the capture of which externalities (e.g. 
carbon, biodiversity or hydrological services). In 
an effort to answer the main question, Medjibe 
and Putz (2012) and more recently Holmes 
(2015) assembled data from the thirteen published 
studies that compared the harvesting costs of RIL 
and conventional logging (CL). Even with this 
seemingly simple contrast, (i) small sample sizes, 
(ii) missing information, and (iii) variation in 
research approaches, frames-of-reference and data 
reporting protocols rendered the results ambiguous 
and otherwise questionable. For example, the 
studies varied in whether they reported cost data 
per cubic meter harvested or per hectare. With the 
per hectare data, it was not clear how to compare 
the results from a study that used unreplicated 
100 ha blocks on level terrain that were subjected 
to either RIL or CL (Holmes et al. 2002) with 
those from a study in which a large portion of 
one of the four replicated 40–60 ha RIL plots was 
steep and not logged but most of its four similar-
sized CL plots were completely logged despite 
the abundance of steep areas (Healey et al. 2000). 
The former study, which according to Google 
Scholar (accessed 29 September 2015) was cited 
more than twice as often as the latter (205 versus 
87 citations, respectively), concluded that RIL is 
substantially more profitable whereas the latter 
concluded the opposite. Clearly, the Holmes et al. 

(2002) result is strongly preferred by researchers 
but we suspect that the truth lies somewhere 
between the two studies. The more recent review 
by Holmes (2015) concluded that RIL is cost-
effective in the neotropics but less so in Southeast 
Asia. We wonder about the extent to which his 
conclusion rests on topographical differences in the 
particular forests studied, gentle in the former and 
steep in the latter. There does seem to be general 
agreement on the long-term and non-timber yield 
comparative benefits of RIL adoption.

A free, downloadable software package1 called 
RILSIM will hopefully be increasingly used to 
improve the thoroughness of studies of logging 
costs. With a user-friendly interface, this package 
helps identify, partition and track the various 
costs of logging, and then helps with cost 
calculations. If the protocols described in this 
package were more widely utilized, the problems 
with comparing financial analyses of logging 
would diminish substantially. It might be useful 
to expand RILSIM (or a model like it) beyond 
industrial timber management to incorporate other 
forest values with financial costs and benefits that 
deserve tracking.

Another tool was recently released that has 
some of the same functions as RILSIM but for 
communities and smallholders who manage 
forests. The Green Value Tool2 has helped elicit 
discussions around the financial benefits of timber 
exploitation. Although its application to date has 
mostly been in Latin America, it is hoped that 
its applicability can be mainstreamed to other 
geographies where small-scale forestry contributes 
to local livelihoods.

Despite the insufficiencies in data and analyses, 
there seems to be general consensus that the 
opportunity costs of forest retention are high 
(e.g. Fisher et al. 2011). Such a conclusion is rife 
with assumptions, many of which are violated 
precisely where production forestry has a future. 
The fundamental questions about this conclusion 
are: compared to what, where and from whose 
perspective. If the comparison is to natural forest 
management for timber and oil palm plantations 
on level terrain, where labor is abundant and 

1  http://www.blueoxforestry.com/rilsim/
2  http://earthinnovation.org/our-work/case-studies/green-
value/

http://www.blueoxforestry.com/rilsim/
http://earthinnovation.org/our-work/case-studies/green-value/
http://earthinnovation.org/our-work/case-studies/green-value/
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cheap, titles are clear, travel times to an extraction 
facility are less than a few hours, and from the 
unique perspective of the plantation’s CEO, then 
an order-of-magnitude difference in net present 
values is believable. In contrast, if the comparison 
pertains to an area far from a processing facility 
that suffers from adverse terrain, contested 
ownership and limited labor, a different conclusion 
might be reached. Between these two extremes 
there is a gradient of conditions that influence 
which of the range of possible outcomes are most 
likely. Furthermore, if a prospective plantation 
owner values work schedule flexibility or some 
other utility more than profit maximization (e.g. 
Dove 2011), then the very demanding business of 
oil palm plantation management might not be very 
attractive. More generally, the high capital costs 
of oil palm cultivation coupled with the need to 
be in close proximity to a processing facility often 
precludes participation by many landowners.

With any positive discount rate, the time required 
for timber trees to reach their commercial potential 
often renders natural forest management financially 
unattractive at least when profit is reckoned per 
unit land area. Unfortunately, if recommendations 
for lower logging intensities and longer cutting 
cycles are followed (e.g. Sist et al. 1998), the net 
present values of standing forests are even lower. 
That said, some forest owners prefer large but 
occasional (i.e. ‘lump sum’) payments from timber 
sales to steady but small payments from other 
land uses. Sist et al. (2014c) explore this situation 
in the Brazilian Amazon where associations of 
smallholders contract logging companies to harvest 
timber from the 80 ha of legally required forest 
reserves on each of their 100 ha land allotments. 
The logger bears the considerable costs of 
management plan preparation and approval as well 
as the capital costs of logging equipment, and then 
pays each smallholder USD 16/m3 for the timber 
harvested from their allotment (13–16 m3/ha). 
Although the annualized incomes from logging 
were only about 10% of those from agriculture, 
farmers benefitted from the lump-sum payments 
of USD 5000–30,000 from the selective logging 
of forest that they could not legally clear for 
agriculture anyway.

Our discussion of forest fates focuses on volumetric 
yields of timber but it needs to be kept in mind 
that timber sale prices differ by an order-of-
magnitude. For example, the harvest of 5 m3/

ha of cabinet-grade woods in the Amazon might 
be much more profitable than the harvest of 50 
m3/ha of commodity-grade timber in Borneo. 
The end uses of this material also need to be 
considered in management decisions insofar they 
affect the degree to which timber from different 
species can be substituted, as well as the life cycle 
of the sequestered carbon. The substitutability 
issue is particularly pertinent at the lower end 
of the timber price spectrum where plantation 
wood can provide lower-cost substitutes for wood 
harvested from natural forests. Although sale prices 
of tropical timber have not increased greatly over 
the past decades, there are important differences 
among species and over time on different markets; 
comparisons of prices are somewhat challenging 
because they can justifiably be given as domestic 
and export prices, freight-on-board or at the 
millgate, roundwood (i.e. logs), saw timber, or 
veneer sliced or peeled to different thicknesses. 
Given the wide range in conversion efficiencies 
(i.e. roundwood to these semi-finished products) 
among mills, countries and products, comparisons 
are rendered even more difficult if log prices are 
not available.

Market-based incentives for responsible forest 
management have and will continue to help 
motivate the transition from timber exploitation to 
responsible forest management. Although credible 
empirical assessments of the impacts of these 
incentives are only now underway (e.g. Romero et 
al. 2013), there is some evidence and widespread 
belief in their effectiveness.

1.6.1	 Payments for environmental services

Although efforts to commoditize the 
environmental and social benefits provided by 
tropical forests are not yet operational beyond the 
project scale, future capture of these externalities 
in financial comparisons of different land uses 
seems likely (Wunder 2013; 2015). For example, it 
makes fundamental sense to include consideration 
of the hydrological benefits of SFM (e.g. control 
of erosion from logging road construction on steep 
slopes). Similarly, given that willingness-to-pay 
studies suggest that many people value biodiversity, 
it seems reasonable to use any forthcoming funds 
for biodiversity retention or recovery to reform 
tropical forestry. Also, given that tropical forests 
can contribute substantially and cost-effectively 
to mitigation and adaptation to climate change, 
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it makes sense to include improved forest 
management in REDD+ programs and subsequent 
climate change interventions. Finally, decision 
makers should recognize the recreational potential 
of many managed forests as well as their yields of 
many non-timber forest products. Unfortunately, 
despite the demonstrated or potential capacity 
of these benefits to contribute to financial 
profitability of SFM, they remain external to the 
financial calculations that determine the fates of 
most tropical forests. While efforts to capture these 
externalities (e.g. forest certification and REDD+ 
interventions) need support, their inclusion at 
present serves to obfuscate the drivers of forest 
degradation and the currently relevant financial 
arguments for conversion (e.g. Pokorny and 
Pachecho 2014).

The cause of production forestry will be served 
by well-designed and comprehensive economic 
evaluations. For these evaluations to be credible 
as well as accurate, they should be broadly 
participatory. In other words, input is needed from 
stakeholders along the entire pathway from the 
forest to the end users of forest products. Failure 
to adequately consider the perspectives of forest 
industries, for example, may help explain why 
the acronym RIL is still interpreted by some as 
standing for reduced-income logging (Applegate 
et al. 2004). It might also explain the disregard of 
the research results that demonstrate the financial 
benefits of modified excavators (e.g. Log Fishers or 
yoaders) for timber yarding – some companies in 
Malaysia that purchased these machines reportedly 
leave them parked and have returned to using 
crawler tractors to skid logs to roadsides.

We believe that soon, contrary to the well-accepted 
assumption on which international climate 
change mitigation policies are currently based, it 
will be more widely recognized that prevention 
of logging-induced forest degradation, here 
defined as loss of carbon from forests that remain 
forests, may not reduce net carbon emissions to 
the atmosphere. Instead, to maximize emission 
reductions, sometimes more timber should be 
harvested, not less (e.g. Oliver et al. 2013; van 
Kooten et al. 2014; Lippke et al. 2015). This 
argument rests on a combination of benefits from 
replacement of fossil fuels with biomass fuels and 
replacement of carbon-costly steel, aluminum and 
cement with wood-based products, as well as on 
the assumption that forest carbon stocks in the 

harvested stands recover quickly. Implementers 
of a REDD+ intervention that converts a tropical 
forest slated for logging into a protected area might 
justifiably claim to reduce net carbon emissions at 
the site level (i.e. in situ carbon). If in response to 
the intervention the loggers simply go elsewhere, 
current policies require that the accounts reflect 
this leakage of carbon benefits. What we argue 
here is that the emissions benefits of such an 
intervention also need to be adjusted downwards 
if materials with large carbon footprints or fossil 
fuels replace the non-harvested wood. The extent 
to which carbon life-cycle analyses will diminish 
the climate change mitigation benefits of REDD+ 
interventions that limit timber harvests remains 
to be determined, but nevertheless needs to be 
considered. Clearly, more life cycle analyses of 
tropical forest carbon are needed lest climate 
change mitigation efforts actually exacerbate the 
global problem. What are not in question are the 
carbon and conservation benefits of efforts to limit 
the unnecessary emissions from tropical timber 
harvests without reductions in volumetric yields 
(i.e. RIL).

1.6.2	 Plantations and natural forests

Whether forestry plantations reduce pressure 
on natural forests (e.g. Sedjo and Botkin 1997), 
depends in part on the substitutability of 
plantation and forest timbers as well as on how 
plantations and forests are distinguished (Putz 
and Romero 2014). With increased intensity of 
natural forest management and increased diversity 
of plantation owners and objectives (Batra and 
Pirard 2015), the distinction will become even 
more blurred and communication about the 
environmental, economic, and social tradeoffs 
associated with management intensification will 
continue to be impeded. That said, it is and will 
remain easy to distinguish forests from large-scale 
industrial ‘fast-wood’ forestry plantations managed 
as monocultures of exotic species from which 
biomass, pulp and other low-value commodities 
are harvested with clearcuts at very short intervals 
(e.g. 5–15 years). It is unlikely that this sort of 
plantation will do much to relieve pressure on 
natural forests. In contrast, where rotations are 
longer and saw timber and veneer logs from 
native species are among the product mix, the 
forest-plantation distinction becomes less clear. 
Currently, only teak (Tectona grandis) plantations 
are a substantial source of cabinet-grade hardwoods 
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(known in some circles as “noble” timbers), but 
this situation seems to be changing. In contrast, 
utility-grade timbers from natural forests and 
plantations already compete for market share and 
the latter often win due to lower production costs. 
For example, poplar (Populus sp.) from plantations 
in China and rubberwood (Hevea brasiliensis) from 
plantations in Malaysia are suitable substitutes for 
much of the Dipterocarpaceae timber harvested 
from natural forests in Indonesia and sold as veneer 
for utility-grade plywood.

With increasing intensities of natural forest 
management (i.e. Trajectory 3 described in 
Section 4), it will become increasingly difficult 
to differentiate forests from plantations. 
One pertinent example is where enrichment 
planting operations are carried out successfully. 
It is important to note that in his classic book 
Plantation Forestry in the Tropics, Julian 
Evans (1982) refers to enrichment planting as 
a forest conversion technique. The extent of 
that conversion is often not evident until after 
the first harvest (see Section 4.2) when huge 
volumes of timber from broad-crowned trees are 
extracted. It should be recognized that with such 
harvests, multi-aged stands formerly managed 
by selective logging under a polycyclic regime 
are thereby transformed into even-aged stands 
with monocyclic management. With increasingly 
frequent and strident calls for restoration of 
degraded tropical forests (e.g. Suding et al. 2015), 
plantation establishment through enrichment 
planting is likely to become much more of an issue 
in the near future.

It unfortunately appears that in most instances 
when the availability of inexpensive plantation 
wood reduces the profitability of harvesting timber 
from tropical forests, harvesting of the latter does 
not stop but instead shifts to lower capitalized 
harvesters (e.g. Mejia and Pacheco 2014). Sadly, 
the abandonment of industrial concessions after 
the first cut when profitability of management is 
reduced further by the availability of plantation 
timber, many forests are rapidly destroyed by a 
sequence of even more predatory loggers and then 
colonist farmers (e.g. Piu and Menton 2013). 
Logger-built roads facilitate this unplanned 
conversion but it appears that even the presence 
of commercial loggers who do not harvest timber 
in a sustainable manner can slow the rate of 
deforestation (e.g. Gaveau et al. 2013).

While we hope that industrial fast-wood plantations 
continue to be differentiated from forests, there 
are intermediate cases that do not fully deserve 
to be called either. Certainly from biodiversity, 
productivity and other perspectives, intensively 
managed stands of naturally regenerated, native, 
fast-growing commercial species can be quite 
plantation like. A good example is where naturally 
regenerated stands of Euterpe oleraceae (acai palms) 
are intensively managed as monocultures for fruit 
in the estuaries of the Amazon (e.g. Freitas et al. 
2015). As in that instance, such conditions are 
more likely to occur where labor is abundantly 
available and markets are good for forest products. 
Another example is in Amazonian Peru where many 
smallholders manage portions of their agricultural 
fallows for construction-grade wood from a naturally 
regenerating native pioneer tree species, Guazuma 
crinita (bolaina; Putzel et al. 2013). Sawtimber from 
these stands, which is harvestable after only 11–12 
years, feeds booming domestic markets for low-cost 
building material. Unfortunately for the farmers, 
because they do not plant the trees, the stands 
are subjected to the full set of very cumbersome 
regulations governing natural forests, which compels 
many toward informal markets.

1.6.3	 Cost of being legal

Compliance with governmental forest regulations 
is costly, which reduces the profitability of legal 
operations. In addition to the direct costs of annual 
permits, land-area based fees and royalties that 
might vary with species, the indirect costs need to be 
captured (e.g. taxes on fuel and lubricants, and duties 
on imported equipment and spare parts) as well as 
the staff time required to set up and administer the 
permitting processes. Even more difficult to calculate 
are the costs accrued when government permits are 
not forthcoming in a timely manner. For example, 
if forest workers are still paid when logging is halted 
for administrative reasons, if mills cannot work at full 
capacity due to lack of logs, or if export quotas cannot 
be filled and business deals consequently suffer, profits 
to forest industries decline. One consequence of this 
condition is that the commercial value of standing 
forests decline, which renders other land uses more 
financially attractive.

Although the regulatory constraints on what seem 
like reasonable silvicultural practices (e.g. patch 
cuts in the Yucatan of Mexico and fallow forest 
harvests in Peru; Putzel et al. 2013) are often 
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based on reasonable premises, they nevertheless 
can have perverse and long-term consequences 
when the rules are slow to change. On the 
other hand, it needs to be recognized that when 
regulations change, especially when they are 
relaxed or simplified, abuses are commonplace 
(e.g. Finer et al. 2014).

The high cost of compliance with governmental 
forestry regulations often limits participation in 
the sector to only the best-capitalized and most 
experienced firms. In Cameroon, for example, 
Eba'a Atyi et al. (2013) estimated that the cost 
of preparation of a government-mandated 
management plan averages USD 294,855 for a 
58,971 ha concession. Similarly, in Brazil, costs of 
required inventories and management plans for a 
community-held concession exceed USD 100,000 
(Drigo et al. 2013). Some companies overcome 
these cost barriers, especially where legality 
verification is mandatory, but FMU abandonment 
is also likely (Papp and Vidal, in press).

Governmental attempts to capture rents from 
the forestry sector are often justified. However, it 
now appears that the rents and associated costs 
are sometimes too onerous for the viability of 

forest industries in general, and the participation 
of the less affluent and powerful in particular 
(e.g. Hirakuri 2003). Several governments 
have attempted to reduce the administrative 
burden for harvesters of small volumes of 
timber from privately-owned and community 
lands. Unfortunately, most efforts to reduce the 
forest planning and reporting requirements of 
smallholders, however well intentioned, often 
just provided another avenue for laundering 
illegally-harvested timber and served to keep 
the price of timber low (e.g. Finer et al. 2014). 
Governments that want to maintain viable 
forest industries that are linked to sustained 
sources of timber need to carefully examine their 
regulations and, when necessary, change them. 
For example, it has been recognized for decades 
that log export bans or any other restrictions 
on sales to the highest bidder might serve to 
strengthen national industries. However, if it 
keeps log prices low to the point that forest 
management is not profitable, then the benefits 
down the market chain are only short lived 
(e.g. Vincent 1992). Perhaps such bans serve a 
purpose during some stages in the development 
of a country’s forest industries, after which they 
have deleterious impacts.



2  Trajectory I: Continued forest 
degradation by poor logging

silviculture that mimics natural disturbance 
regimes, where practiced, is more likely on public 
than on private land.

For privately owned non-industrial forests in 
the USA of 10–100 ha, owners are typically 
approached every decade or so by free-lance or 
industry-linked foresters who offer cash for their 
timber. Some landowners resist the financial 
temptation and protect their forests but many 
go along with the deal without making many 
stipulations about minimizing environmental 
impacts or assuring sufficient regeneration. The 
activities of loggers are controlled somewhat by 
their voluntary compliance with best management 
practices developed in each state, but other than 
providing some protection for water bodies, best 
management practices are weak and even full 
compliance falls far short of SFM. In any case, 
most private non-industrial forestland in the USA 
is logged without the benefit of detailed harvest 
plans. In a few states (e.g. Oregon), replanting 
is required to maintain land tax exemptions but 
usually the logged-over forest is left to recover 
without management interventions. As a future for 
smallholder forests in the tropics, this scenario may 
seem dim but many of those mistreated forests in 
the USA are locally cherished and yield much more 
than timber.

2.1  Deforestation and forest 
degradation within logged production 
forests

Recent remote sensing studies in Peru (Oliviera 
et al. 2007; Miranda et al. 2014), Sumatra 
(Gaveau et al. 2011) and Kalimantan (Gaveau et 
al. 2013) reported that deforestation rates within 
legally gazetted production forests were lower 
than in nearby counterfactual forests. Similar 
research in the Republic of Congo reached the 
opposite conclusion (Brandt et al. 2014) but the 

The business-as-usual scenario of continued 
forest degradation by loggers is likely under a 
variety of tenure regimes and under a wide range 
of regulatory, socioeconomic and biophysical 
conditions. Anywhere that the fates of forests 
are principally determined by profit-maximizing 
loggers, be they rural community members or 
employees of industrial timber concession, this 
trajectory is favored. Degradation is likely to 
lead to deforestation in accessible areas where 
non-forestland uses are financially remunerative, 
at least over the short term (e.g. Asner et al. 
2006). Basically, this trajectory is likely where 
governments and other landowners fail to 
maintain the ecological integrity and productivity 
of their forests; if forest industries are allowed 
to whither and forestry expertise diminishes, 
forest management options will be curtailed. In 
contrast, where due to shortages of capital or labor, 
or where better land for cultivation is available, 
timber-depleted forests will remain standing in a 
degraded state.

Forests degraded by multiple-entry logging as 
well as secondary forests recovering after clearing 
for agriculture characterizes many of the private 
non-industrial forests in the USA, particularly 
east of the Mississippi River. It is also likely to 
characterize many smallholder forests in the 
tropics. In the USA, there are marked differences 
in land-use practices between private and 
public (i.e. government owned) lands, as well as 
between private non-industrial forestland and 
large corporate-owned forests. High intensity 
management practices are much more likely to be 
encountered in corporate-owned forests than on 
public lands to which concession rights have been 
granted. While much industrial forestry follows an 
extremely productive agronomic model with short 
rotations and massive inputs, private non-industrial 
forests are more likely logged when sufficient 
timber has recovered or when markets open for 
new species or lower quality logs. Close-to-nature 
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legitimacy of that result has been questioned on 
the basis of problems with the research design 
and interpretation of the available remote sensing 
images (personal communication from P Cerutti, 
2015). Whatever the results, explanations of the 
fates of production forests need to be informed 
by insights about social and political processes 
that are not detectable by satellites (e.g. Gaveau 
and Pirard 2015). In other words, without an 
appropriate theory-of-change as well as on-the-
ground validation with appropriate socioeconomic 
information, false attribution and other forms of 
misinterpretation are almost unavoidable.

Oliviera et al.’s (2007) satellite-based estimates of 
rates of deforestation and forest degradation in 
forest concessions in Amazonian Peru might be 
precise but the study nonetheless demonstrates 
how failure to establish proper counterfactuals 
as well as lack of social, political and economic 
ground truthing can lead to spurious conclusions. 
The authors reported that between 1999 and 2005, 
deforestation and forest degradation rates within 
legally allocated forest concessions were much 
lower than in surrounding forests. We do not 
question their interpretation of the satellite images 
but believe that the most likely explanation for this 
surprising finding is more insidious.

Amazonian Peru is rife with illegal logging and 
disregard of forest policies is the norm (e.g. Smith 
et al. 2006), which together allows some timber 
industries and governmental officials to profit 
substantially (Finer et al. 2014). Recent efforts to 
enforce harvest regulations within concessions and 
thereby reduce the markets for illegally harvested 
timber from elsewhere are commendable, but 
certainly during the period covered by Oliviera et 
al.’s (2007) study, illegal timber was abundantly 
available to forest enterprises. That there was 
less logging within the concessions more likely 
indicates that the concessionaires used their logging 
permits to launder illegal logs (e.g. Urrunaga et al. 
2012). It was certainly commonplace at that time 
to observe logs being floated down the Amazon, 
Napo and Ucayali Rivers that accumulated stamps, 
tags and other bogus indications of legality as they 
approached the government offices in Iquitos and 
Pucalpa (FE Putz, personal observation).

The usefulness of remote sensing studies of 
deforestation and forest degradation within 
production forests increases if the primary and 
secondary impacts of forest management activities 

are differentiated (Putz et al. 2001a) and the parties 
responsible for both are identified. Culpability 
is challenging to assign because the attendant 
processes are complex. Loggers build roads, 
which are widely recognized as promoting forest 
colonization by people, forest degradation (e.g. 
defaunation and increased incidence of wildfires) 
and outright deforestation (e.g. Laurance et 
al. 2014).

Ultimately, the builders of roads into formerly 
roadless forests, be they loggers, gold-miners, oil 
companies or government-sponsored development 
projects, are directly responsible for some 
deforestation and forest degradation but are also 
responsible in more complicated ways for the 
secondary effects on the same (see Section 2.2). 
The von Thünen model, introduced in Section 
1.4, supports this. If forests remained roadless, 
their susceptibility to environmental abuse would 
remain low. That said, forestry firms are in the 
business of harvesting timber and are granted 
concessions by governments for that purpose. 
Furthermore, many of the roads built by loggers 
fit into the infrastructure development plans of 
governmental officials and others. Finally, it should 
be remembered that forest industries provide jobs 
and contribute revenues directly into governmental 
coffers in the form of concession fees, royalties, 
etc. They also contribute in less transparent ways 
to corrupt governmental officials. These economic 
contributions notwithstanding, the challenge 
remains how to foster resource-based development 
while minimizing environmental and social 
damage. For example, more needs to be learned 
about how to most effectively close logging roads 
so as to mitigate their direct (e.g. erosion) and 
indirect (e.g. increased forest access) environmental 
impacts. Certainly from an environmental 
standpoint, calls for restrictions on road building 
into roadless areas deserve strong support 
(Laurance et al. 2014).

2.2  Secondary impacts of forestry on 
degradation and deforestation

Historically, when governments declared areas 
to be permanent production forests, many of 
those areas were occupied by people who had no 
influence on the decision (e.g. Obidzinski and 
Kusters 2015). Those occupants typically held 
no formal titles to the lands they traditionally 
occupied, which was one reason why their de 



16  |  Francis E Putz and Claudia Romero

facto rights could be disregarded. When officially 
designated production forest in which people 
already dwell is allocated to a concessionaire, it is 
typically the responsibility of the concessionaire to 
negotiate land-use rights and other relationships 
with local residents. The responsibilities are a bit 
different in the case of colonists who arrived after 
concessions were granted, but many of the same 
issues remain salient. These issues change little 
when the settlement and land-use patterns of local 
residents shift to take advantage of the road access 
created by the forestry firm.

For a variety of reasons that include concerns 
about fairness and a desire to avoid conflicts, 
forest industries often negotiate agreements with 
villagers in their concessions. These negotiations 
and subsequent enforcement of any agreed upon 
rules are rendered challenging by differences 
between forest industry representatives and 
local people in language, religion, ethnicity and 
culture. Utility functions of the two parties in 
these negotiations are often vastly different, and 
misunderstandings are almost unavoidable. Forest 
industry representatives in these negotiations are 
backed by more money, have better information 
and are overwhelmingly more powerful than the 
locals. This lack of balance in power often renders 
negotiated outcomes inequitable.

Many questions need to be addressed if culpability 
for deforestation within FMUs is to be correctly 
assigned. For example, if local residents in 
government-granted forestry concessions 
deforest as part of their land-use strategy, 
should this deforestation be counted against the 
concessionaire? Does it matter whether the parties 
responsible for the deforestation are long-term 
residents or newcomers? Should local residents 
blame the forest industry for deforestation if the 
government does not support restrictions on 
that activity?

If village boundaries within concessions are 
agreed upon, it does not seem fair to blame 
deforestation within those areas on the forest 

industry. Unfortunately, understanding of the 
meaning of negotiated boundaries often differs 
between villagers and concessionaires. These 
misunderstandings often become apparent when 
newly constructed roads facilitate farmer access 
to areas beyond the boundaries they did not 
recognize. Villagers may also disregard previously 
agreed upon restrictions on farming beyond the 
negotiated boundaries of their village area out of 
ignorance of the locations of those boundaries or 
out of a sense of entitlement. Claims to ever-larger 
portions of concessions may emerge from local 
population growth (intrinsic or augmented by new 
colonists), increased capacity to clear forest due to 
acquisition of chainsaws, intra-community schisms 
and increased political power.

The issues broached above likewise pertain 
to illegal logging and market hunting within 
concessions. Other than where the concessionaire 
provides an outlet for these ill-gotten (or at least 
‘criminalized’) goods, the likelihood of extensive 
forest degradation will vary with the costs of 
transport to willing buyers. Where concessionaires 
are hurt financially by these activities, such as 
where they jeopardize certification, vigilance can 
help. Market hunting by local people is generally 
harder to suppress than market-oriented illegal 
logging because of the higher value per weight of 
meat, pelts, etc. (e.g. casques from hornbills or gall 
bladders from bears), but can be controlled to a 
substantial degree.

Conscientious or practical concessionaires who 
invest in the wellbeing of the long-term residents 
inside their concession boundaries risk doing too 
little or too much. As beneficiaries of governmental 
failures to recognize traditional territorial rights, 
they often suffer condemnation. If concession-
based forest industries are to survive – which 
some might not applaud (e.g. Kelly and Peluso 
2015) – concessionaires need to find ways to 
assure compliance with agreed-upon guidelines or 
legal restrictions and, hopefully at the same time, 
contribute to social welfare while not creating a 
magnet for additional colonists.



3  Trajectory II: Adoption of reduced-
impact logging

In most RIL research and promotional campaigns, 
emphasis has been on appropriate use of ground-
based extraction devices, generally either bulldozers 
(= crawler tractors) or skidders with rubber tires. 
These machines will undoubtedly continue to be 
important in tropical forestry but other yarding 
devices should be more utilized in the future for 
environmental as well as social and economic 
reasons. Motivation for this change comes from the 
increasingly adverse terrain where logging happens 
in the tropics, as well as from the increasing 
importance of loggers who lack the capital needed 
to purchase and operate large machines.

A small amount of forest clearing is unavoidable 
where timber is harvested commercially, but that 
portion can often be reduced with good planning 
and strict adherence to environmental guidelines 
(e.g. Pinard et al. 2000). To harvest timber, 
roads are needed, but the lengths and widths of 
those roads can often be reduced. Road lengths 
can be minimized through proper engineering 

The first big step that still needs to be taken toward 
SFM in much of the tropics is the minimization 
of the deleterious environmental impacts of 
selective timber harvests through the application 
of RIL techniques (Figure 5). Regardless of the 
silvicultural approach applied, protection of soil 
from compaction, streams from excessive sediment 
loads, future crop trees (if any) from damage and 
workers from unnecessary risks are all important 
(see Putz et al. 2008). As expected, use of RIL 
results in substantial increases in retention of 
carbon (e.g. Griscom et al. 2014) and biodiversity 
(e.g. Bicknell et al. 2014). RIL guidelines vary 
somewhat in the practices that they recommend 
and in their inclusiveness, but other than for forest 
managed by single tree selection with a polycyclic 
(i.e. uneven-aged) approach, they fall short of fully 
describing a silvicultural treatment.

3.1  What is RIL and what should it 
become?

While not questioning the fundamental goals of 
RIL, given the variety of silvicultural approaches 
needed for the wide range of tropical forest species 
and conditions, it would have been clearer if 
the acronym was RUIL, for ‘reduced undesirable 
impacts of logging.’ This modification would 
clarify that in some cases, substantial impacts of 
logging are silviculturally desirable. For example, 
where the objective of a silvicultural intervention 
is regeneration of light-demanding tree species, 
slavish attention to traditional RIL renders 
the intervention no better than high-grading 
(Fredericksen and Putz 2003). Instead of trying to 
minimize stand damage, special efforts might be 
required to achieve the desired amount of canopy 
opening and skidder drivers might be encouraged 
to scarify the soil surface in logging gaps to expose 
mineral soil. The root of the problem is that 
most RIL guidelines were devised with single 
tree selection in mind whereas that approach is 
inappropriate for many stands in the tropics.

Figure 5. A felling gap filled with natural 
regeneration of commercial tree species. Nine 
months before the harvest, the inventory crew cut 
the lianas on the trees to be felled, which reduced 
incidental harvest damage and limited post-logging 
liana proliferation (Photo by V Medjibe).



18  |  Francis E Putz and Claudia Romero

but capturing that benefit requires accurate 
topographic maps and qualified engineers who go 
to the forest to ground truth their planned road 
alignments. Until topographic maps are available 
that are based on crown-penetrating light-detection 
and ranging radar (e.g. LiDAR) imagery, which 
should be a priority, reliance on maps constructed 
with aerial photographs or digital elevation models 
generated using passive remote sensing (e.g. 
Landsat imagery) will not allow optimization of 
road alignments (see Section 3.2).

In addition to minimizing road lengths through 
proper planning, deforestation for logging roads 
can be reduced by clearing less forest along their 
paths. However, these reductions often come at 
a financial cost because the working surfaces of 
roads bordered by wide forest clearings dry faster 
than those where adjacent forest is left standing 
(see Figure 6). Trafficability is reduced when road 
surfaces are wet, and financial and environmental 
costs escalate if wet roads are used due to the 
subsequent need for costly repairs. Down the 
product chain, inability to deliver logs to mills due 
to impassable roads has ripple effects that can be 
quite severe. To achieve the same trafficability with 
narrow road corridors, improvements are needed in 
road engineering, construction and maintenance. 
Roads with domed and graveled working 
surfaces, for example, dry quickly and become 
passable faster than where those practices are not 
implemented. However, the direct financial costs 
of construction and maintenance of such roads are 
high even if the longer term and more inclusive 
economics of those investments are favorable. For 

example, hauling gravel substantial distances is 
costly, but those costs might be recovered if road 
use is thereby increased.

Deforestation for log landings (i.e. cleared areas 
along main roads where logs are temporarily stored 
until they are hauled to mills, log ponds or central 
log yards) – another primary impact of forestry 
activities on forest cover – can often be reduced 
through good planning and changes in harvesting 
practices. If roads remain trafficable and hauling 
and yarding activities are coordinated, it is often 
possible to substitute small roadside clearings for 
extensive log landings (e.g. Pinard et al. 1995). 
Forest clearing for other infrastructure such as 
logging camps, workshops and playing fields is also 
a primary effect of logging that is attributable to 
forest industries. If forest owners realize that due 
mostly to soil damage, these intensively used areas 
will not likely produce timber in the foreseeable 
future, perhaps they will be motivated to improve 
planning to limit their extent.

To minimize undesirable impacts of logging on 
residual stands, soils and hydrological functions, 
vehicular traffic should be minimized. This objective 
only increases in importance as logging is relegated 
to sites with thin soils, steep slopes and wetlands. 
Improved road layouts and better engineering 
are perhaps the most important changes needed, 
but where the focus is on timber yarding, the use 
of cable winching needs to increase. To a large 
extent, yarding damage can be reduced if rather 
than driving up to each stump, yarder operators 
maximized the use of the winch with which their 

A B

Figure 6. The contrast between a responsibly constructed logging road (A) and an overly wide road of the 
same order (B). Due to lack of direct sun on the narrow road, it was engineered and constructed to increase 
drying and maintain trafficability (e.g. domed and graveled) (Photo by G Wilkinson).
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machines are equipped. Winch pulls of >20 m need 
to become the rule rather than the exception. The 
switch from bulldozers to tracked skidders with 
more centrally mounted winches (e.g. Caterpillar 
527 Track Skidder) will serve to decrease unwanted 
damage. Because CAT 527 Track Skidders are 
substantially lighter than the D-7s they commonly 
replace, soil compaction is also reduced and they 
are also less expensive to purchase and operate. 
Furthermore, winching distances with tracked 
skidders can easily average >20 m.

Where slopes exceed 20% or where soil trafficability 
is poor and erosion proneness is high, yarding 
devices with much longer haulback capacities than 
bulldozers or skidders need to be utilized. In areas 
with very high intensity harvests or clearcuts and 
yarding distances of <300 m, small-scale skyline 
yarders are appropriate and cost-effective. With 
skyline systems, a carriage moves along a mainline 
cable that runs from some sort of tower mounted 
on a moveable platform (e.g. a modified excavator) 
to an anchor point, often the base of a large tree. 
Such devices are often known in North America as 
“yoaders,” and vary in tower heights and yarding 
capacities. For more selective harvests, the need to 
frequently move and anchor the mainline cable 
reduces the efficiency of these skyline systems and 
high-lead approaches become more attractive.

Among the environmentally concerned, high-lead 
logging has a terrible reputation derived from the 
use of huge and mostly stationary towers, and high 
intensities of harvesting. The sort of device being 
recommended here is much smaller and more 
mobile. The Log Fishers and Rimbaka machines 
sometimes used in Malaysia are good examples 
of this technology (e.g. Norizah et al. 2012). 
Basically they are excavators with rear mounted 
winches from which 100–200 m of cable runs over 
a pulley at the top of the bucket arm. With only 
a single drum, the cable needs to be pulled out 
manually for each log yarded, but long haulbacks 
are possible. To shorten the pulls and to minimize 
soil damage from the logs that are dragged along 
the ground, the excavator-yarder moves frequently 
along a ridgeline road or skid trail. Attaching a 
skidding pan or cone to the front of logs to be 
winched can also reduce hang-ups while reducing 
the likelihood of cable breakage. Efficiency is 
reduced marginally if the excavator-yarder needs to 
be guy-wired for stability each time it stops to yard 
a log, but this operation is generally not necessary.

In the absence of the financial capital needed 
to own and operate large yarding equipment, 
small, sled-mounted cable yarders can be used. 
Such devices, employed by many illegal loggers 
in Kalimantan, consist of a diesel engine (18-25 
HP), a truck transmission and a winch pulley with 
100 m of cable mounted on a 1.5 x 2 m welded-
steel sled. Steam powered versions of this sort of 
device were used in Europe and North America as 
much as 150 years ago. The models being made in 
Indonesia cost about USD 6000 to construct and 
use very little fuel but are capable of yarding only 
about 10–20 m3 per day. To equal the productivity 
of a D-7 crew of four workers (chainsaw operator 
and assistant plus the dozer driver and assistant) 
requires six monocable winches with six workers 
each. Where labor is not limited and having that 
many people in the forest is not a concern (e.g. 
safety issues and potential poaching problems), 
monocable winches should be considered.

For RIL to contribute the most it can to SFM, 
well-trained workers are essential. Unfortunately, 
due to the transience of many in the forestry 
work force, training needs are continuous. If 
working conditions and salaries were improved, 
this transience might be reduced. In any event, 
investment in forest worker training pays off in 
terms of post-logging forest conditions and rates of 
stand recovery as well as worker safety.

3.2  Logging on steep slopes

With increases in global human populations 
and per capita consumption, demands for food, 
fuel and fiber increase and more natural forests 
are cleared. While every effort should be made 
to satisfy these demands through enhanced 
productivity per unit land area, improved crop 
storage and handling, and more equitable 
distribution, the on-going expansion of cropland 
is likely to continue. Where arable lands on level 
ground are used for crop production, production 
forestry will be increasingly relegated to poorly 
drained areas and onto steeper slopes. Here 
we focus on the latter and address some of the 
consequences of different limits on slope angles 
and lengths. The issues related to steep slope 
logging are pertinent to varying but generally 
increasing degrees throughout the tropics as natural 
forest management is relegated to sites with more 
and more adverse conditions.
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Slopes affect many physical processes due to 
gravitation (e.g. rates of surface water flow) and 
trigonometric factors (e.g. per unit ground surface 
area rates of incoming fluxes of precipitation and 
solar radiation). While attention often focuses 
on slope angles, slope lengths also influence 
many biophysical processes, as captured in the 
“universal soil loss equation” (e.g. Sidle et al. 
2006). With increased slope angles and lengths, 
soil erosion and mass wasting events (i.e. slumps, 
landslips and landslides) become an increased 
concern, especially after trees are cut and soil-
binding roots decay. With increased slopes, soil 
depths typically decrease, rock outcrops become 
more common, forests are more dynamic (e.g. 
treefall rates increase) and vegetation communities 
change in both structure and composition 
(e.g. Ferry et al. 2010).

In addition to concerns about increased 
environmental damage with increased terrain 
slope, the costs of ground-based timber yarding 
increase with slope, which reduces the productivity 
and profitability of logging. For example, loaded 
log trucks and tracked skidders (i.e. bulldozers) 
often have trouble climbing grades of >5% and 
15%, respectively. To access steeper terrain, 
switchbacks are needed (see Figure 7), which 
increases operational costs as well as environmental 
damage. Alternatively, timber harvesters can switch 
from ground-based yarding with bulldozers or 
skidders to long-line cable systems that keep heavy 
equipment off steep slopes.

In recognition of the effects of slopes on 
the impacts of land-use activities, many 
environmental guidelines set by governmental 
and non-governmental bodies try to address this. 
Unfortunately, many fail to indicate the slope 
lengths or the areas over which slopes should be 
measured, which renders them ineffective because 
average slopes decrease with the area over which 
they are averaged. This means that slopes measured 
with digital elevation models based on remote 
sensing always decline with increasing size of the 
pixels used. Disregard of this pixel problem is 
evident in numerous publications and policies, 
of which we highlight only one. In an otherwise 
excellent paper by Austin et al. (2015), the authors 
conclude that oil palm plantation operational costs 
in Kalimantan are not influenced by slope probably 
because their digital elevation model was based on 
250 m pixels. Another operational problem is that 
slopes measured by field crews or with LiDAR are 
steeper than those based on passive remote sensing 

images (e.g. Landsat or ASTER) at least partially 
because the crown surface is less topographically 
dissected than the ground surface.

In Europe and North America, logging is carried 
out regardless of slope angle but with strict controls 
on erosion. Loggers employ a variety of log yarding 
methods to limit erosion and to thereby avoid 
government sanction. Admittedly, some of the 
techniques they use (e.g. skyline yarding systems) 
are financially viable only where harvest intensities 
are high, and work better in clearcuts than in 
selectively logged forests. In contrast, long-line 
(150–250 m) cable yarding systems with mobile 
towers have been shown to be effective in the 
tropics (Norizah et al. 2012).

3.3  Logging and other forest 
management activities in swamps

A great deal of attention has been paid of late to 
the forested wetlands of Indonesia and Malaysia, 
particularly peat swamps. This attention is 
warranted given the rapid rate at which they 
are being cleared and degraded, which leads to 

Figure 7. Switchbacks cut with a D-7 bulldozer up 
a steep hillside in Sabah to access timber  
(Photo by M Pinard). 
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massive carbon emissions and smoke plumes 
from soil fires that greatly affect life in the entire 
region (e.g. Miettinen et al. 2012; Marlier et al. 
2015). While clearing and draining peat swamps 
deserves attention, as does their restoration where 
degraded (e.g. Page et al. 2009), research on their 
silvicultural management has dwindled while 
logging has not (Miettinen and Liew 2010). 
Although Malaysia in particular has a long history 
of peat swamp silvicultural research (e.g. Wyatt-
Smith 1963; Bruenig 1996), little use seems to 
be made of that research, which deserves to be 
extended and modernized. It is still debated, 

for example, how swamp timber yields might 
be sustained and logs extracted without major 
hydrological disruption.

Floodplain logging in the Amazon Basin, which is 
often carried out by small operators, is fairly well 
understood – policy challenges notwithstanding 
(e.g. Schöngart 2008; Fortini et al. 2015). Research 
on topics beyond just logging is needed to assure 
both sustainability and that other values (e.g. 
fish stocks) are not unnecessarily compromised 
where timber production is the principal goal 
of management.



4  Trajectory III: Silvicultural 
intensification in natural forests

Especially where there are alternative land uses 
or income sources, which is mostly everywhere, 
for-profit firms are unlikely to reduce harvest 
intensities and allow longer periods for forests 
to recover before the next planned harvest. Such 
restraint would be to the long-term best interest 
of society and especially of future generations, but 
is seldom evident. If management intensification 
is the exercised option, there are many alternatives 
but tree planting is usually preferred (e.g. Sasaki 
et al. 2011). This preference is more an expression 
of the dominance of an agronomic approach to 
forest management than a response to lack of 
natural regeneration that might be cost-effectively 
encouraged. All-too-often this abundant natural 
regeneration is not recognized because the 
responsible parties spend too little time in the field 
or are not adequately trained in dendrology.

4.2  Silvicultural intensification 
through enrichment planting

In the field of industrial-scale silviculture in natural 
tropical forests, the work of the concessionaire Sari 
Bumi Kusuma (SBK) in Central Kalimantan is 
somewhat unique (Putz and Ruslandi 2015). SBK 
applies intensive silvicultural treatments but is 
not subsidized by an outside party. In response to 
governmental policies and recognition of short-
falls in natural regeneration, SBK employs RIL 
techniques but then follows the second episode 
of selective logging with enrichment planting 
of seedlings of commercial timber species along 
cleared lines through the harvested forest. This 
approach to forest management is generally 
referred to as SILIN (Sistem Tebang Pilih Tanam 
Intensif Indonesia) or TPTJ (Sistem Tebang Pilih 
Tanam Jalur).

Methodological details of SILIN have evolved 
over time (e.g. planting line clearance width and 
rules, inter-plant and inter-line spacing, and 

Despite the diversity of tropical silvicultural systems 
described in the literature (e.g. Gunter et al. 2011), 
the results of the well-publicized experiments on 
shelterwoods (e.g. Hutchinson 1988), strip clearcuts 
(e.g. Hartshorn 1989), liberation thinning (e.g. 
Hutchinson 1981; Wadsworth and Zweede 2006) 
and other silvicultural treatments are seldom applied 
at operational scales by forest industries. Instead, 
when enough trees of commercial species reach 
harvestable size, they are selectively felled, with 
or without governmental approval. To glorify this 
mining of timber as “silviculture” disgraces the term. 
In the few examples where post-logging silvicultural 
treatments have been applied beyond the confines 
of experimental plots, the costs were generally borne 
by external agencies including the United States 
Agency for International Development (USAID; 
e.g. Villegas et al. 2009), the Food and Agriculture 
Organization of the United Nations (FAO; e.g. 
Hutchinson 1981), New England Power (e.g. 
Pinard and Putz 1996) and the Forests Absorbing 
Carbon dioxide Emissions (FACE) Foundation (e.g. 
Pinso and Moura-Costa 1993). When the subsidies 
stopped, so did the silviculture. One exception to 
this finding was in Queensland, Australia, where 
industrial logging firms eventually complied with 
fairly rigid RIL guidelines. However, that ended 
when the country’s tropical forests were taken out 
of production. The emphasis on RIL by some 
Forest Stewardship Council (FSC) auditors and 
government agencies should also be acknowledged. 
In this section we describe a trajectory towards 
silvicultural interventions beyond RIL that stops 
short of natural forest conversion into plantations of 
exotic species.

4.1  Motivation for silvicultural 
intensification

Under some conditions, declining revenues from 
timber exploitation after the first harvest can 
motivate forestry firms to intensify management. 
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species selection) but as of late 2014, SBK had 
line-planted 49,000 ha (Figure 8). The company’s 
intention is to plant an additional 27,000 ha 
over the next few years. Another large portion 
of the concession (70,000 ha), which is mostly 
classified as Limited Production Forest, is allocated 
for TPTI, which is basically RIL without line 
planting. Note that although its name includes 
planting (tanam), this component of TPTI has 
been abandoned. Large areas with difficult access 
and steep slopes (>25%) were allocated to TPTI 
by SBK with the remainder allocated for nature 
conservation (12,000 ha) and local community use 
(13,000 ha).

Given the great variation in what passes for RIL, it 
is important to provide some details about SBK’s 
approach. The company carries out 100% stock 
mapping of trees >40 cm DBH and produces 
its own topographic and stock maps based on 
data collected by its inventory crews. Based on 
these maps, roads and skid trails are pre-planned. 

Lianas are not common in unlogged forest in 
SBK but if they are in the crowns of trees to be 
harvested, inventory crews reportedly cut them. 
For the last several years, log yarding has been 
principally with tracked skidders (CAT 527).

One important recent change in Indonesian forest 
policy is abandonment of the idea of a minimum 
cutting cycle. As mentioned earlier, in many other 
countries where logging is legal, logging companies 
seek governmental permission to re-enter stands 
before termination of the government-mandated 
minimum cutting cycle. Elsewhere, pre-mature re-
entry logging occurs widely both with and without 
governmental approval. The difference is that in 
Indonesia, pre-mature re-entry is now codified 
by a regulation that calls for 100% timber stock 
inventories at 10-year intervals. Based on inventory 
results, any stands with >40 m3/ha of commercial 
timber can legally be re-entered. Re-entry logging 
is attractive not due to post-logging volume 
increments but mostly due to changes in markets 
that render it profitable to harvest smaller trees 
(down from 50 cm to 40 cm DBH in Indonesia), 
trees with stem qualities not acceptable at the time 
of the previous harvest and acceptance of new 
species. Also, re-entry is generally cheaper because 
logging roads have already been constructed. In 
relation to this topic, research is needed on the 
impacts of re-use of previously opened skid trails 
when logged stands are harvested for the second 
and third times.

Application of SILIN requires a great deal of 
money as well as a dedicated and motivated staff. 
SBK has so far invested about USD 30 million 
in SILIN (SBK 2014). Each year, 650 SBK staff 
members clear 3 m-wide planting lines spaced 
20 m apart, dig 30 x 30 x 30 cm holes at 5 m 
intervals along those lines, and plant nursery-
grown seedlings in compost inoculated with 
ectomycorrhizae. Planted seedlings are then 
tended annually for 3 years so as to keep them 
liana free and to reduce shade from encroaching 
plants. SILIN guidelines call for a pre-commercial 
thinning of planted trees at 5–10 years but this 
treatment has not yet been implemented.

The medium-term silvicultural results of SILIN, 
as applied in SBK, are impressive, with seedling 
survival rates of about 70% and rates of stem 
diameter increment consistently averaging 
about 2 cm per annum, based on 10–14 years 
of post-planting data from permanent sample 

Figure 8. Enrichment planting along cleared lines 
through twice logged forest. The planted trees 
(Shorea leprosula) were 15 years old and mostly 
25–35 cm diameter at breast height (DBH) when 
this photo was taken (Photo by Ruslandi).
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plots (e.g. Pamoengkas et al. 2014; Inada et al. 
2015). Although Kusuma et al. (2014) predicted 
that at the end of the planned 25 year rotation, 
harvestable timber will amount to 235 m3/ha, 
recent field studies indicate that yields will be 
about half of that amount (Nitikusuma et al. 
2015). Given that the first cut in SBK’s forests 
typically yielded 60–70 m3/ha and the second cut, 
just prior to planting, yielded only 40 m3/ha, the 
projected amount of timber to be harvested at the 
end of the 25-year rotation is a bit unsettling. At 
these rates, standing stocks of commercial timber 
at the end of the planned rotation will be much 
greater than before the first harvest. In other 
words, yields could be much more than sustained, 
which might be profitable but is nevertheless 
quite worrisome when potential logging impacts 
are considered.

Concerns about the likely impacts of a harvest of 
all trees >40 cm DBH in stands subjected to SILIN 
– which is permitted under current regulations 
– derive from studies of RIL. In particular, based 
on a study in East Kalimantan, Sist et al. (1998) 
reported that the benefits of RIL relative to CL 
disappear if harvests exceed 8 trees or 60–80 m3/
ha. With harvestable tree densities and volumes 
much higher than these limits, if all eligible trees 
are harvested the results will resemble clearcuts. If 
that were to happen where enrichment planting 
is successful, the huge profits would be at the 
expense of biodiversity and other environmental 
benefits of retention of natural forest between 
the planted strips. It appears that forest managers 
and forestry officials in Indonesia, as well as forest 
auditors for certification programs, are not fully 
cognizant of the consequences of the shift from 
polycyclic to monocyclic stand management 
(Ruslandi et al. 2014a).

Recent studies conducted in SILIN areas in SBK 
reveal some reasons to question estimates of 
available commercial volumes of timber when the 
planted stands reach the minimum rotation age 
of 25 years and shed light on potential harvesting 
challenges. Given the global push for restoration 
of degraded forests (e.g. Suding et al. 2015) and 
reawakening interest in enrichment planting (e.g. 
Ghana Forestry Commission 2013), it seems 
worthwhile to review these findings here. In one 
study that compared the crown architectures of 
line-planted and naturally regenerated Shorea 
leprosula trees, Hardiyansyah et al. (2015) found 

that the clear boles of 15-year-old planted trees 20–
40 cm DBH averaged 13% shorter than naturally 
regenerated but substantially older trees of the 
same size growing in the bands of logged-over 
forest between the planting lines. If low branches 
are maintained until the harvest, commercial 
timber yields will be reduced by approximately 
that amount. But even if those large branches are 
shed before the harvest, the value of the upper logs 
will be reduced due to the presence of large knots. 
In a related study in the same stands, Nitijusuma 
et al. (2015) explored the frequently discussed 
option of restricting the harvest to planted trees 
and felling them down the planting line to reduce 
or at least concentrate stand damage. Based on 
stem and crown measurement complemented by 
the opinions of directional felling experts, they 
concluded that 91% of the planted trees could be 
felled in the direction of the planting line. This 
option seems less attractive in light of the results 
of a simple growth projection model (i.e. linear 
projection of average growth over the first 15 years 
after planting to the end of the 25 year rotation) 
that revealed that only half of the planted trees will 
have reached the minimum cutting diameter (40 
cm DBH). If permission to harvest trees <40 cm 
DBH could be obtained from the government, 
then the lines could be clearcut. But given that 
the planted trees at 30–40 cm DBH grew >1 cm 
DBH/year for 25 years, and would presumably 
grow even faster after their larger neighbors are 
removed, a selective harvest of just the larger 
planted trees would seem advisable. Exactly how 
that harvest might be carried out is not clear, but 
the authors recommended cable-yarding instead of 
a ground-based timber harvest.

For industrial-scale enrichment planting, the 
initial challenge to develop an effective planting 
and tending system was addressed adequately by 
John Wyatt-Smith in 1963 for Malaysia and then 
more thoroughly in 1966 by Colyear Dawkins 
for Ghana (see Dawkins and Philips 1998). Now, 
with ample evidence that enrichment planting 
along cleared lines with dipterocarps can work in 
terms of timber volume increments, it is time to 
consider design modifications that enhance long-
term sustainability and biodiversity maintenance. 
In particular, stand establishment practices should 
be designed with future harvests in mind. For 
example, if the intention is to selectively log 
enriched stands and not clear fell them (i.e. to 
retain a polycyclic approach and not switch to a 
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monocyclic one), then perhaps the density and 
spatial patterns of planting should be adjusted 
accordingly. Instead of planting 80–100 trees/ha 
of one species or a few species that grow at similar 
rates, mixtures of species could be planted that 
will mature at different times and yield timber of 
different qualities and values. For instance, fast-
growing species that produce timber used mostly 
for utility-grade plywood might be mixed with 
slower-growing species with more highly valued 
timber used for cabinets, flooring and naturally 
rot-resistant patio furniture. The spatial patterns 
of these mixtures should reflect topography, 
accessibility, protected buffer zones and edaphic 
factors as well as planned harvesting technologies. 
To promote wildlife in enrichment planted 
stands, a proportion of the planted trees might be 
species that produce fleshy fruits, some of which 
also produce commercial timber. This particular 
approach to biodiversity impact mitigation was 
utilized in the Forests Absorbing Carbon Emissions 
(FACE) Foundation of the Netherlands-funded 
enrichment planting project in Sabah (Moura-
Costa et al. 1996).

Where swidden farmers threaten to clear 
production forests, enrichment planting may 
reduce the threat of land colonization and forest 
clearance for cultural reasons. At least among some 
indigenous groups in Kalimantan, the planting 
of trees confers ownership on the planter (Dove 
2011). The extent to which this tradition applies 
to tree planters in industrial forestry concessions 
remains to be determined but seems like a 
reasonable possibility. And if it is the case, forest 
managers will have another reason to concentrate 
their intensive management activities within the 
proximity of roads so as to reduce management 
costs while simultaneously reducing the risk of 
forest conversion.

There are good reasons to question the economics 
of high intensity enrichment planting but it is 
useful that there are some industrial scale examples 
that can be evaluated. In the areas managed by 
SILIN in the SBK concession, for example, will the 
investment of USD 700/ha required for the first 3 
years of treatment (i.e. line clearing, planting and 
tending) pay off when the stands are harvested 25 
years later? Might it be more profitable if instead 
of fast-growing dipterocarps (e.g. Shorea leprosula, 
S. parvifolia, and S. johorensis), SBK planted 
slower-growing species with higher-valued timber, 

like bangkirai (S. laevis)? What about investing in 
the liberation of natural regeneration rather than 
planting nursery stock at set intervals? Training 
forest workers in seedling identification would be 
required, as would a reward system structured so 
that compensation is provided for locating and 
liberating natural regeneration. However, these 
costs seem small given the higher likelihood of 
survival of naturally regenerated trees and the 
biodiversity benefits they provide.

While enrichment planting may be justified in 
some areas in logged-over or otherwise degraded 
forests (e.g. Omeja et al. 2011), given the 
costs and major environmental impacts of this 
silvicultural intervention, it should not be carried 
out everywhere (Sasaki and Putz 2009; Sasaki et 
al. 2011). In recognition of the need for some 
level of site capability differentiation, SBK logs but 
does not apply SILIN in areas that are generally 
steep. In areas designated for SILIN, in contrast, 
current regulations exempt only riparian areas from 
line clearing and planting. On the basis of the 
higher management costs (i.e. planting, tending 
and harvesting) on steep slopes >50 m long as 
well as the exacerbated environmental damage, 
the professional foresters in the concession are 
considering exemption of these areas from planting 
as well.

The well-intentioned requirement of the 
Indonesian Ministry of Forestry that logged stands 
be enrichment planted provides another example of 
how legislated silviculture that focuses on a single 
commodity might lead to avoidable environmental 
damage and economic inefficiencies (Messier et al. 
2014). What restrictions on harvesting should be 
applied at the end of the rotation if there are 50 or 
more harvestable trees per hectare? Taking them 
all at once would constitute a clearcut, but which 
trees should be harvested and how? Given that 
the planted trees start reproducing when 15–20 
years old, there should be plenty of regeneration 
on the ground when the stands are harvested at 
25 years. What about applying a shelterwood 
harvest to avoid excessive stand damage and the 
cost of replanting (e.g. Ashton et al. 2011)? Might 
the timber be harvested using long-line cable 
techniques rather than ground-based skidders? 
Should existing skid trails be re-used, replanted 
with extremely fast-growing species that will be 
available for harvest at the time of the next entry 
(e.g. Anthocephalus chinensis), or abandoned?
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The principal barrier to intensification along the 
lines of SILIN is financial. For reasons that are not 
clear, governments provide little financial support 
for forest management but instead often enact 
regulations that provide further impediments. For 
example, high import duties on logging machinery 
(e.g. cable yarders) render their purchase 
unnecessarily difficult. Long-line cable yarders can 
be fashioned from modified excavators or from 
constructed towers mounted on tractor bodies 
but there are still costs involved in the change in 
technology. Some of those costs might be recouped 
if the yarding proves more efficient than traditional 
approaches (e.g. Norizah et al. 2012) but there 
are still start-up costs. Private banks are reportedly 
also reluctant to lend money to forest industries. 
Although all concessions in Indonesia contribute 
USD 16/m3 harvested to the “reforestation fund” 
(Danai Reforestasi), none of that money is returned 
to them for reforestation or implementation of 
SILIN. And despite the widely held hopes of 
funding for improved forest management from 

REDD+ and other payments for ecosystem 
services, it seems unlikely that those funds will 
be forthcoming given the common association 
of tropical forest industries with forest 
degradation and deforestation (e.g. Didham 
2011; Zimmerman and Kormos 2012). Finally, 
governmental failures to protect concessions 
from corruption add substantially to the costs-
of-doing business in the forestry sector.

In some areas the survival of tropical production 
forests and forest industries will require 
silvicultural interventions starting but not 
ending with RIL. But whatever landscape 
mixture of silviculture approaches prove 
most financially and environmentally sound, 
economic efficiency is critical. For example, 
that manufactured flooring made by timber 
industries in Java uses red oak imported from 
North America as facing veneer is no reason to 
abandon managed natural forests in Indonesia as 
a source of raw materials.



5  Conclusions: Toward management 
and away from exploitation

certification of products from well-managed 
forests, could tip the balance toward forest 
conservation if their implementation effectively 
thwarts governance failures and avoids land 
grabbing by outsiders to capture these novel rents 
(e.g. Zoomers 2010; Cuffaro and Hallam 2011). 
When forest-controlling rural communities 
accrue financial and institutional capital, such 
payments could steer communities away from 
forest exploitation and conversion and towards 
responsible forest management. The likelihood 
of this trend will depend on the value members 
of these communities place on forests and will 
be subject to change in response to economic 
opportunities and environmental education 
(Coomes et al. 2008; Pfund et al. 2011; Meijaard 
et al. 2013). It will help if one explicit goal of 
company-community-government partnerships is 
production without destruction.

To inform decisions about the landscape level 
distribution of silvicultural prescriptions where 
environmental and economic concerns loom 
large, much more needs to be learned about 
the consequences of interventions other than 
just ground-based selective logging with RIL. It 
is already well established that the deleterious 
impacts of logging increase with harvest intensities 
(e.g. Burivalova et al. 2014) and decrease where 
RIL techniques are employed (e.g. Bicknell et 
al. 2014), but what if instead of skidding the 
logs out along the ground with big tractors, 
they were cable yarded? To what extent would 
that change in harvesting practices mitigate the 
deleterious environmental impacts of logging, at 
what financial cost (or benefit) to the loggers, and 
at what costs or benefits to forest workers (e.g. 
safety risks)? When silvicultural options other than 
just logging are considered and those options are 
distributed in different patterns and intensities 
across forested landscapes, the number of issues 
in need of research increases rapidly. For example, 

Whether tropical production forests start to be 
responsibly managed or continue to be exploited 
until they are replaced by some other land use 
will continue to be influenced by economic 
development and associated improvements in 
governance as well as with the identities of the 
responsible and affected parties. At least over the 
short-term and where population densities are 
low, poverty, political instability, social conflict, 
non-democratic regimes, smuggling of drugs and 
other contraband, and poor infrastructure will 
limit forestry activities to exploitation of the most 
valuable species but will also serve to protect forests 
from large-scale conversion because they increase 
financial risks and cause capital constraints (e.g. 
Price 2003; Larjavaara 2012; but see McSweeney 
et al. 2014). Under higher population pressure or 
on dynamic demographic frontiers, in contrast, 
these same factors can promote large-scale forest 
degradation and deforestation from a multitude of 
small-scale events.

What is clear is that land-use decisions need 
to be informed by knowledge about the 
tradeoffs between the financial benefits of forest 
management intensification and the associated 
costs in biodiversity and other natural and 
social forest values (Rudel and Meyfroidt 2014). 
Devolution of control over forestlands to rural 
communities in the tropics seems likely to 
accelerate (e.g. Agrawal et al. 2008; Pokorny 
and Johnson 2008; Bowler et al. 2011) but it is 
not clear whether this power shift will change 
the fates of many production forests. Rates of 
large-scale conversion may decline, at least as 
long as these communities remain impoverished, 
poorly organized, and beset with land tenure 
problems and governance failures (e.g. Börner et 
al. 2010). Under these conditions, logging – legal 
or otherwise – is the most likely land-use. Under 
some conditions, payments for environmental 
services, including carbon sequestration and 
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what are the financial and environmental costs and 
benefits of liberation of future crop trees, of soil 
scarification in gaps to promote regeneration and 
of shelterwood harvests or group selection rather 
than single tree selection? Equally important, what 
combinations of penalties and rewards will most 
effectively promote adoption of these practices?

While research on tropical ecology has flourished, 
tropical forestry research has remained in a 
backwater. Plenty of funding is available to 
address the question of why there are so many 
tree species in the tropics but comparatively little 
on how for-profit management interventions 
might be designed to retain that diversity. Too 
many tropical foresters remain focused entirely 
on the biophysical impacts of logging and too 
much of their research is carried in plots that 
are too small to assess the financial aspects of 
different interventions. The network of Long-
Term Silvicultural Research Program (LTSRP) 
plots maintained by the Instituto Boliviano de 
Investigación Forestal (IBIF)3 is certainly not 
perfect, but might serve as a model for similar 
efforts elsewhere in the tropics. Those plots, which 
were established only 15 years ago, have already 
yielded more than a dozen research publications in 
reviewed journals, one of the most recent of which 
was authored by Corrià-Ainslie et al. (2015). At 
their La Chonta site, IBIF maintains three blocks 
of four 27 ha plots each, with three plots per block 
receiving a different silvicultural treatment and 
one reserved as a control. Despite the scientific 
productivity of this international effort, IBIF’s 
funding remains a small fraction of what is spent 
annually on even one 50 ha plot in unlogged forest 
in the Center for Tropical Forest Science - Forest 
Global Earth Observatories (CTFS-ForestGEO) 
network.4 Reducing this disparity in funding and 
promoting collaborative research in LTSRP-like 
plots around the tropics will require leadership of 
an organization like the Center for International 
Forestry Research to overcome donor resistance. 
The Tropical managed Forest Observatory (TmFO; 
Sist et al. 2014b) represents a laudable effort to 
retrieve and utilize data from established sample 
plots. Unfortunately, many of the plots are small 
and were designed with only timber in mind, 
which is no longer the only factor of concern.

3  http://www.ibifbolivia.org.bo
4  http://www.forestgeo.si.edu

The tradeoffs between timber yields and 
biodiversity, carbon sequestration, hydrological 
functions and other valued ecosystem properties/
services, and conditions for forest workers are 
unlikely to be simple and consistent among 
different geographies. The tradeoffs are also likely 
to vary from the perspectives of the wide variety 
of stakeholders with aspirations and entitlements 
or just concerns. It is this complexity, as it plays 
out over time, with which forest researchers need 
to grapple. To address the complexity of natural 
forest management in the tropics (see Section 5.4), 
researchers need to embrace the full diversity of 
goals, constraints and agents. As Francis Crome 
wrote nearly 20 years ago about over-simplified 
analytical methods, we need to wean ourselves 
from approaches suitable only for “tame, toy 
problems” if we mean to address “wicked real” ones 
(Crome 1997, 490).

5.1  Governmental disincentives, 
inadvertent and otherwise

Complicated government bureaucracies and 
consequently large administrative burdens thwart 
many efforts in responsible forest management. 
The profit margins of large forestry corporations 
are lowered by these encumbrances but 
community-based forest management efforts 
are often completely stymied by the same (e.g. 
Hirakuri 2003). Streamlining of administrative 
requirements for forestry, as through the Small 
or Low Intensity Managed Forest (SLIMF) 
program of the FSC, might help a great deal. 
Unfortunately, many well-intended attempts at 
reducing regulatory burdens end up promoting 
illegal harvesting by providing opportunities to 
launder illegally harvested logs. Learning from 
these experiences is critical lest the same mistakes 
be made in new efforts to streamline regulations to 
make forest management a more attractive land-
use option.

The administrative requirements for timber harvest 
and sale are often much more cumbersome than 
they are for agriculture. In addition to the direct 
costs of compliance, each regulation provides an 
additional opportunity for graft. For small rural 
forestry firms, private or community-based, one 
big direct cost of legality is often the requirement 
to make repeated trips to governmental offices 
to satisfy administrative requirements. For any 
sort of firm, the illegal payments to governmental 
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officials at every step along the way toward fully 
legal operations can substantially increase the cost 
of doing business. Failure to pay the expected 
amounts to the right people and in the proper way 
can lead to costly delays.

Whether the determiners of forest fates are 
rural people, government functionaries or 
board members of multinational corporations, 
management intensities will likely continue to 
vary with market demands, availability of financial 
capital and labor, security of property rights, site 
capabilities, accessibility and the associated costs 
of management, and cultural preferences (e.g. 
Rudel et al. 2002). Alternatives to environmentally 
destructive management intensification on lands 
spared from agricultural conversion will only 
become likely if there is recognition of the variety 
of possible interventions in areas classified as 
forested. It will also help if the local, regional and 
global benefits of natural forests are taken into 
account when decisions are made about land-use 
intensification (e.g. Oliveira et al. 2013).

5.2  Silviculture at appropriate 
temporal and spatial scales

Among the many challenges facing tropical 
forest managers, tree diversity looms large. 
Phenomenally high numbers of species that 
differ in growth requirements, growth rates, 
marketability, ecological roles and other relevant 
traits means that simple silvicultural guidelines are 
unlikely to be satisfactory (e.g. Schöngart 2008). 
For example, setting a single minimum cutting 
diameter or forest-wide cutting cycles unavoidably 
selects for some species over others and thereby 
can reduce potential profits from management. 
The application of a single silvicultural system to 
a diversity of stand types over a range of terrains 
is likewise inefficient and ineffective. Rectifying 
this problem will require the insights of people 
experienced with forest policies with insights 
about how to avoid the misuse of even the best 
intentioned of rule changes.

When attention shifts from hectare or stand-
level phenomena to landscapes, results that were 
reasonable at small scales often lose their relevance. 
Unfortunately, this shift in focus is woefully slow 
in coming even in the scientific community, but 
policy making falls even further behind. Continued 

faith in single tree selection, with natural gap-
phase regeneration is a case-in-point. While no 
one would argue with the benefits of RUIL (e.g. 
protection of soils and hydrological functions), 
prohibition of any but the gentlest of silvicultural 
interventions is inimical to the regeneration of 
many commercially valuable species. A 0.5 ha 
patch clearcut at least initially looks terrible at the 
1 ha scale but if regeneration of prime timbers 
is thereby enhanced, such a treatment might 
be entirely justified at the landscape level. Even 
more intensive forms of forest domestication, 
such as enrichment planting, might be justified 
for accessible areas with suitable soils and terrain. 
Such justifications for intensive silvicultural 
interventions are predicated on the existence 
of lucrative alternative land uses (e.g. cattle 
pastures or oil palm plantations) and therefore 
large opportunity costs for forest retention. 
Unfortunately, well-intentioned national laws 
or certification rules that emphasize retention 
of alpha-level (i.e. within stands) biodiversity 
(e.g. Mexico) often prohibit intensification. 
Furthermore, to remote sensors, patch clearings 
to promote regeneration of light-demanding 
species will look like deforestation and therefore 
be condemned. Where the alternative is forest 
degradation by depletion of commercial timber 
stocks and therefore increased likelihood of 
conversion of the value-depleted forests, those 
intensive interventions seem quite acceptable from 
an environmental perspective.

5.3  Management of tropical forests as 
complex adaptive systems

Given the complexity of tropical forests 
and forestry in our rapidly changing world, 
government-mandated, one-size-fits-all regulatory 
approaches focused on single commodities (e.g. 
timber) will remain difficult to implement, 
economically inefficient, and socially and 
environmentally unsatisfactory.

That said, calls for more flexible and adaptable 
multi-objective approaches to forest management 
with less dependence on top-down, command-
and-control approaches (e.g. Putz and Romero 
2012; Filotas et al. 2014; Messier et al. 2014) need 
to be coupled with step-by-step guidelines for 
the transition from the current status of forestry 
in much of the tropics. These guidelines need to 
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be based on theories-of-change that are tailored 
for different forest owners and operators who 
work under different socioecological, political 
and economic conditions. In some cases, self-
policing might work but this is not the case for 
the vast majority of the remaining tropical forests 
of the world that are subjected to exploitation, 
management or destruction.

It is important to recognize that the goals of 
multiple-objective management need not be met 
in each and every stand (e.g. Ashton et al. 2011; 
Putz 2013). For example, there are conditions 
under which it would not be economically viable 
nor environmentally strategic to push for a 
switch from intensively managed, short-rotation 
monocultures for wood fiber production toward 
mixed species and multiple-objective management. 
With rotations of <10 years, the diversity-provides-
resilience argument is not very convincing; 
switches in species, provenances or genotypes 
after each harvest is often a more attractive way 
to deal with the threats than stand diversification. 
In contrast, it is always appropriate to insist on 
protection of riparian areas and application of 
other RUIL techniques. At the other end of the 
forest management intensity continuum, in a single 
semi-natural forest there might be stands where 
the principal objectives might be biodiversity 
protection (e.g. near salt-licks), maintenance of 
ecosystem functions (e.g. riparian buffer zones), 
timber production, and mixed-management for 
timber and non-timber forest products. In the 
stands where timber production is the principal 
objective and management is by a well-capitalized 
firm with trained staff, single tree selection with 
long-line cable yarding might be prescribed 
for steep slopes, shelterwood management for 
more gentle terrain where the light-demanding 
commercial tree species are well represented in 
the overstory, and intensive harvesting followed 
by enrichment planting on similarly gentle terrain 
in accessible areas where natural regeneration 
is not already present or easily secured. Such 
prescriptions would clearly not be appropriate 
for a biophysically similar forest parceled out to 
multiple owners with little forestry experience 
and less capital. Nor would they be appropriate 
for a forest under the control of a biodiversity-
maximizing non-governmental organization. At a 
larger scale, these prescriptions might need to be 
modified if the forest is an important watershed, 
extremely far from timber markets or unique in the 
broader landscape.

Motivation seems to be growing for landscape-scale 
forest management that benefits from the full range 
of possible silvicultural options. One indication 
of this growth in recognition of the importance of 
managed forests is that over the past decade, the 
historical antagonism between environmentalists 
and foresters seems to have waned. Rather than 
solely focusing on protected areas for biodiversity 
maintenance, selectively logged forests have 
repeatedly been shown to retain large numbers 
of species and continue to deliver many desired 
ecosystem services (e.g. Putz et al. 2012). But 
now with the enlarged palette of land use and 
silvicultural options, research needs to be expanded 
substantially to include the full range of treatments 
applied at different intensities and with different 
distributions across landscapes.

Successful implementation of adaptive forest 
management depends entirely on the availability 
of a cadre of well-trained and motivated foresters 
supported by enlightened decision-makers and 
endorsed by an informed and involved society. 
Given that few foresters are being trained in this 
type of silviculture, the viability of this sort of 
flexible approach is in serious doubt. For it to 
work, something needs to be done to prepare a 
new generation of broadly trained, physically fit 
and un-corruptible field-based foresters.

A core component of the management of 
complex adaptive systems is experimentation 
(Filotas et al. 2014). Although most research has 
traditionally dealt with the impacts of particular 
silvicultural regimes on forest attributes (e.g. stand 
recovery, biodiversity), the challenges faced by 
tropical forestry requires that experimentation 
duly recognizes financial and social matters 
while it informs policy. At broader governance 
levels, the existence of different mechanisms to 
support responsible resource management (e.g. 
sustainability certification and legality verification) 
would benefit from an experimental approach 
that could reveal potential synergies and often 
overlapping and conflicting situations (Lambin 
et al. 2014). Testing a variety of silvicultural 
treatments at different scales with different 
stakeholders and with various mixtures of 
incentives and disincentives will help illuminate 
the windows of opportunity for policy design 
and adjustment (e.g. Ndjondo et al. 2014; 
Fortini et al. 2015). Such exercises can help 
create a learning community of researchers and 
practitioners engaged in management, foster 
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dialogue and spaces for negotiation, and overall, 
promote a transformative shift toward responsible 
forest management.

Tropical forestry has changed greatly of late 
and needs to change even more. For one thing, 
researchers need to go beyond simple logged 
versus unlogged comparisons – especially those 
based on weak experimental designs and small 
plots – to interdisciplinary experimental studies at 
landscape scales. After nearly a century of isolated 
efforts and dust gathering on critical data sets 
from managed forests (Ruslandi et al. 2014b), 
collaboration among forestry researchers and even 
data sharing are becoming more common (e.g. 
Rutishauser et al. 2015). As managed tropical 
forests become increasingly recognized as critical 
for both conservation and development, the ranks 

of tropical forestry have also opened to a wide 
diversity of contributors. While innovative ideas 
and novel approaches to management need 
to be welcomed, new and old ones need to be 
evaluated with the most robust methods (e.g. 
Baylis et al. 2015) so that there is evidence to 
use in making decisions about their acceptance, 
adjustment or rejection. All this newness 
and methodological sophistication should be 
embraced, but important roles will remain for 
foresters who spend the required years in the 
field gaining first-hand experience with species, 
ecosystems, management, and exposure to 
the social and political dilemmas of valuable 
resources. Meta-analyses and remote sensing 
studies can help us learn about tropical forests 
and their management, but there is no substitute 
for field savvy.
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