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Abstract
Arets E.J.M.M. and F.R. Veeneklaas (2014). Costs and benefits of a more sustainable production of tropical
timber. Statutory Research Tasks Unit for Nature & the Environment (WOT Natuur & Milieu).
WOt-technical report No. 10. 57 p.; 22 Figs; 18 Tabs; 91 Refs.
This study is part of the TEEB (The Economics of Ecosystems and Biodiversity) study of trade chains, and
assessed the impact of harvesting tropical timber on ecosystem services and the costs and benefits of more
sustainable production. The costs of implementation and the benefits from increased ecosystem services
levels were assessed for two alternatives to conventional selective logging (CL), sustainable forest
management (SFM) and forest plantation. The SFM alternative involves certified forest management
implementing reduced impact logging techniques. The forest plantation alternative involves high-yield
plantations that have a larger impact on ecosystem services than CL on the actual plantation area, but
require only an equivalent of 11-42% of the CL area due to the higher yields per unit of area, and thus
allows a larger area of primary forest to be conserved. The majority of Dutch imports of tropical timbers are
from South America and South East Asia. We conducted separate analyses for South America and South East
Asia to account for regional differences in terms of logging practices, timber yields and the extent and value
of ecosystem services.
The costs and benefits associated with the following ecosystem services were assessed quantitatively based
on data from a large number of publications: costs of sustainable forest management and certification, and
benefits from timber production, carbon sequestration and maintaining carbon stocks (REDD+), and
collection of wild food and non-timber forest products (NTFPs). To include the time effects of logging, the
analysis was done for a 60-year period, which includes two 30-year logging cycles with three logging events
for CL and SFM and four harvests for plantations, in a 15-year rotation. Since costs and benefits are incurred
and received at different moments in time, they were discounted over time at 0% (no discounting) and 4% a
year, which covers the reasonable range for discounting.
The results show that in South America the higher costs of SFM over 60 years are more than offset by the
higher total timber yields over three harvest events. This is not the case in South East Asia, but including the
market value of higher levels of non-timber ecosystem services compensates for the lower yield at a 0%
discount rate. At a 4% discount rate, the lower benefits from timber are not compensated by additional
benefits from ecosystem services. The plantation alternative involves relatively high costs per unit of value of
timber produced. Since plantations support relatively few other ecosystem services directly on the planted
area, the advantages of plantation could arise from land sparing and the resulting provision of ecosystem
services by natural forests, in particular carbon sequestration.
The insights offered by this study can be used to develop mechanisms to compensate the higher costs
associated with certified sustainably produced timber with benefits by enhanced ecosystem services delivery.
Key words: costs and benefits, sustainable production, tropical timber, ecosystem services, sustainable
forest management, forest plantation, conventional selective logging, South America, South East Asia
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Summary

Policy context
The Netherlands depends heavily on imports for many biotic resources and commodities like (tropical)
timber, soy, palm oil, cacao and bio-energy. As a consequence, the country has a relatively large
ecological footprint abroad, affecting ecosystems in the production countries. Dutch policy aims at
sustainable use of these ecosystems to minimise adverse impacts on the environment and biodiversity
and to maintain the productive capacity of these ecosystems. In this respect the focus of Dutch policy
is on improving the sustainability of production chains rather than on reducing production.
The TEEB-NL (The Economics of Ecosystems and Biodiversity) study requires greater insight into the
relation between Dutch trade chains and ecosystem services. The present study assessed the impact
of tropical timber harvesting on ecosystem services, and the costs and benefits of more sustainable
production. We have, where possible, quantified and assessed the effects of alternative, more
sustainable, production methods on the provision of a range of ecosystem services. The resulting
insights can be used to develop mechanisms to compensate the higher costs associated with certified
sustainably produced timber from benefits offered by enhanced delivery of ecosystem services.
At its peak, in 2006-2007, the Netherlands imported about 1.3 million m3 of tropical round wood,
sawn wood and plywood a year. As a result of the economic crisis, imports had declined to approx.
0.9 million m3 in 2011. About 90% of the imported wood is used within the Netherlands, while the
remaining 10% is re-exported. The import share of certified timber meeting the sustainability criteria
for government procurement had increased to 39% in 2011, mainly as a result of the sustainable
procurement requirements by the Dutch government, the tropical timber programmes of the
sustainable trade initiative (IDH) and voluntary initiatives by the wood importing and processing
industry.
Tropical forest management regimes considered
Three management regimes were compared for their costs and benefits, the latter including the
provision of ecosystem services:
•

Conventional selective logging (CL).
This is logging without implementation of specific actions to reduce the damage to the remaining
forest. Only a limited number of tree species are being harvested. As a result, the residual forest
remains at least partly intact, but damage may be considerable, affecting a number of services
provided by the forest.

•

Sustainable forest management (SFM) or reduced impact logging (RIL).
This is selective logging that meets the standards of important forest certification schemes like FSC
or PEFC. It implies a number of measures to minimise the damage to the residual forest, and
particularly future timber trees. Negative impacts on ecosystem services like carbon sequestration,
future timber and NTFPs are likely to be less than with CL. The question is how large the effects on
ecosystem services are, and what costs and benefits are involved.

•

Productive forest plantations.
Timber plantations aim to increase timber production per unit of area. As a result, smaller areas
are needed to produce the same amount of timber. Efficient production of timber by plantations
may thus reduce the pressure on the primary forest, which is important for a wide variety of
services.

Ecosystem services considered
The following ecosystem services from tropical forests were considered. Some can be quantified and
expressed in monetary terms, while others cannot.
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Quantifiable
1. Timber yields.
2. Carbon sequestration and maintaining a carbon stock.
3. Benefits from hunting and fishing (‘wild food’).
4. Benefits from gathering other NTFPs, such as nuts, rattan and the like.
1

5. For South East Asia only : benefits from sediment load prevention at hydro-electric plants.
Only in qualitative terms
6. Water control, including watershed protection, erosion control, provision of drinking water, reduced
risks of flooding and maintenance of water quality downstream.
7. Conservation of biodiversity as a goal in itself or as a means to promote eco-tourism.
8. Indigenous culture.
Some benefits of better forest management will be realised in the future, so an appropriate discount
rate must be applied. To cover the range of discount rates that is usually used in this type of studies,
we applied both a 0% discount rate and a rate of 4% per year. A 0% discount rate implies that the
contributions of immediate and future costs and benefits are equally valued. The higher the discount
rate, the lower the importance of future costs and benefits in the overall cost-benefit evaluation.
Results
Our examination of different forest management regimes and their impact on the provision of
ecosystem services shows that some of the services rendered can be quantified while some cannot.
We also found that prices can be attached to the quantifiable services, so that it is possible to express
all of them in the same unit of measurement: money. We found differences in the costs of the three
management regimes, which made it possible to confront these with the monetary benefits (of some
of the ecosystem services). This enabled us to carry out a – partial – cost-benefit comparison of the
different management regimes used to produce tropical timber, and identify possibilities to capture the
values of these benefits, which may help stimulate sustainable production. The cost-benefit analysis is
partial to the extent that benefits that can – in principle – be expressed in monetary terms were only
included when reliable data was available. The analysis is also partial because no attempt was made to
assess the so-called remaining value of the forest after logging (or the plantation) at the end of the
60-year period considered.
The results are expressed per ha and are based on (discounted) cumulative costs and benefits of a 60year timespan (which covers two felling cycles of 30 years with three timber harvests for selective
logging)
Quantitative assessment
a) Timber yields and harvesting costs (see also Figures S.1-S.4 below).
•

The present values of benefits and costs 2 are by definition always higher at a 0% discount rate

•

Timber yields (in money terms) in South East Asia are considerably higher than in South

than at a 4% rate.
America, by a factor of 2–2.5.
•

In South America, timber yields (in money terms) of RIL are higher than those of CL (while
for plantation they are equal to CL by definition), but so are the costs. These higher costs,
however, are more than offset by future higher yields, resulting in a positive difference in net
yield for RIL of US$ 1000 per ha at a 0% discount rate and US$ 330 at a 4% discount rate
(present values per ha over a 60-year period).

•

Hence, even without taken the higher level of ecosystem services into account, RIL is preferable
solely from a commercial long-term business point of view.

•

This is different in South East Asia. Over a 60-year (three logging events) period, CL yields
more than RIL, while costs are lower. The results show a net yield per ha of US$ 19,900 for CL
and US$ 16,800 $ for RIL at a 0% discount rate. The corresponding figures at a 4% discount

1
2

No relevant studies on the impact of forest management on watershed services has been found for Brazil.
Costs and benefits are always expressed as present value (2010) per ha at 2010 price levels
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rate are US$ 12,400 (CL) and US$ 9,200 (RIL). Hence, the differences in net yield (present
value) are approx. US$ 3200 in favour of CL at both discount rates.
•

In this region, the potential commercial advantages of RIL over CL must be sought in the
market value of the non-timber ecosystem services provided.

•

At plantations, the harvest takes place at a much later date than with selective logging, as it
takes time for plantations to mature. Hence, the present value of the timber yield is greatly
influenced by the discount rate applied.

•

The plantation alternative shows relatively high costs per dollar of timber produced (especially
in South America). Since plantations support relatively few other ecosystem services on the
plantation area, its advantages could arise from land sparing and the resulting provision of
ecosystem services by semi-natural forests, particularly carbon sequestration.
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Figure S.1

Quantifiable costs and benefits, South America, 0% discount rate (present value

US$/ha, 2010 price level).
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Quantifiable costs and benefits, South America, 4% discount rate (present value

US$/ha, 2010 price level).
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Quantifiable costs and benefits, South East Asia, 0% discount rate (present value
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Quantifiable costs and benefits, South East Asia, 4% discount rate (present value

US$/ha, 2010 price level).
b) Ecosystem benefits
•

Timber yields under RIL in South East Asia are twice those in South America. Remarkably, the
share of quantifiable non-timber ecosystem services (carbon, wild food, other NTFPs and
watershed services) in the total benefits in both world regions differs less: around one fifth
(Figure S.5). The composition of this share varies greatly, however: carbon sequestration and
NTFPs dominate in South East Asia, while the various components are more evenly distributed
in South America (Figure S.5).

•

In South East Asia, rattan is an important forest product, while wild food is much less
important than is the case in South America. Moreover, there are some figures for Malaysia on
the impact of forest management on sediment loads at hydro-electrical plants, making a
modest contribution to the quantifiable benefits of ecosystem services there (see Annex 3, not
represented in the figures S.1-S.4).

•

On plantations in South America, carbon stock, wild food and other NTFPs have more or less
equal shares in monetary terms. Under RIL, the relative share of carbon stock is considerably
smaller than the share of the other non-timber benefits (and in CL it is by definition zero, as
this management regime is taken as the baseline).
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South America 4 % discount rate (RIL)

South America 0 % discount rate (RIL)
Wild Food
1,075
7.9%
Timber
yield
10,658
78.3%

Other
2,959
21.7%

Carbon
694
5.1%
other
NTFPs
1,190
8.7%

Timber
yield
6,240
83.9%

Wild Food
415
5.6%

Carbon
324
4.4%

Other
1,198
16.1%

other
NTFPs
459
6.2%

SE Asia 4 % discount rate (RIL)

SE Asia 0 % discount rate (RIL)
Carbon
2,973
11.7%
Timber
yield
20,576
81.2%

Other
4,771
18.8%
Wild Food
45
0.2%

Figure S.5

other
NTFPs
1,753
6.9%

Carbon
1,391
10.4%
Timber
yield
11,292
84.4%

Other
2,084
15.6%
Wild Food
17
0.1%

other
NTFPs
676
5.1%

Share of the benefits from different ecosystem services for RIL in South America and

Southeast Asia, at 0 and 4% discount rates. Values in 2010 US dollars and their share in percentages.

Qualitative assessment
Not all ecosystem services could be expressed in monetary terms, either because they are difficult to
quantify (e.g. hydrological effects) or because they are too much dependent on location and specific
local conditions, e.g. eco-tourism potential. Generalised statements for huge regions like South
America or South East Asia then become meaningless. In most cases the impossibility of putting
general dollar values on these services stems from both reasons. This does not mean that the impacts
of different types of forest management are of no importance: locally they can be of the utmost
importance, but may differ for different stakeholders. Their value is therefore indicative of their
potential, and whether the values can indeed be realised must be judged for each specific case.
Evaluating the impact of the three forest management regimes requires a broader perspective.
Therefore, a qualitative assessment was carried out of a number of these impacts, both in terms of
potentials and of importance to the various stakeholders. This was done by the first author in
cooperation with colleagues with many years of experience of working in tropical forests, and
combined with a review of the available literature.
This resulted in the following conclusions.
•

The delivery potential of all ecosystem services (except timber production) is highest for natural,
pristine forest and lower when timber is harvested. This drop in the provision of these services is
greatest under conventional logging (CL) and less under sustainable forest management (SFM =
reduced impact logging – RIL). Compare the first three columns of Table S.1.

•

The effect of plantation very much depends on local circumstances. In general, the potential of
forest plantations to deliver ecosystem services is considered to be lower than that of natural
forests, but plantation development on degraded lands may be a very important source of
ecosystem services like erosion prevention and carbon storage. Species selection is then very
important to prevent additional negative effects.

•

These observations concerning the provision of ecosystem services are of great importance to the
local communities (with the exception of carbon sequestration), including the locally employed
forest workers. For the national governments, it is especially the flood prevention function and
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the carbon storage function that are considered highly important. For more information see the
scores on the right-hand side of Table S.1.
•

As expected, timber production (in terms of volume) is highest on plantations. This obviously
matters most to the forestry sector (from the workers up to the large companies themselves) and
to the local and national governments (local and export earnings).

•

Future primary research should give more attention to quantifying the impact of forest
management regimes on drinking water quality and the effects on indigenous culture. These
impacts on the local community can be severe, but are difficult to quantify. In the case of
plantations, these functions are even at risk of being degraded. The same goes, to a slightly lesser
degree, for the potentials for hunting, fishing & forest products and for biodiversity.

•

International conventions address issues such as timber production and carbon stock (which
are moderately influenced by forest management regimes) and biodiversity and indigenous culture
(which can be strongly influenced by management regimes).

Table S.1
Potential of management systems to provide services, and the importance of these services for
different stakeholders.

International
conventions

Dutch consumers

International
community

National government

Community forestry

Plantation

Large company

CL

Local government

SFM

Non-forestry

Importance to

Forest workers

Delivery potential

Natural

Ecosystem
service

Timber production

1

3

3

4

+++

+

++

+++

+++

++

0

+

X

Carbon stocks

4

3

3

2

+

+

+

0

+

+++

++

++

X

Wild food

4

3

2

0

+++

+++

+

0

0

+

0

0

0

NTFP

4

3

2

0

+++

+++

++

0

0

+

0

0

0

Quality of drinking water

4

2

2

-1

+++

+++

+++

+

+

++

0

0

0

Hydrological functions

4

3

3

1

+

+

+++

+

+

++

0

0

0

Water retention

4

3

3

2

+++

+++

++

+

+

++

0

0

0

Soil properties incl. erosion 4

3

2

1

++

++

+++

+

+

++

0

0

0

Flood prevention

4

3

3

1

++

++

+++

+

+

+++

0

0

0

Biodiversity

4

3

3

0

++

++

0

0

0

0

++

0

X

Indigenous culture

4

3

2

-1

+++

+++

++

0

0

+

0

0

X

-1 = reduced services;
0 = no potential;
1-4
= low to high potential.
Importance:
0 = unimportant,
+ to +++ = low to high importance
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1

Introduction

TEEB of trade chains
The Netherlands depends heavily on imports for many biotic resources and commodities like (tropical)
timber, soy, palm oil, cacao and bio-energy, . As a consequence, the Netherlands has a relatively large
ecological footprint abroad, affecting ecosystems in the production countries. Dutch policy aims at
sustainable use of these ecosystems to minimise adverse impacts on the environment and biodiversity
and to maintain the productive capacity of these ecosystems. In this respect the focus of Dutch policy
is on improving the sustainability of production chains rather than on reducing production.
The TEEB-NL (The Economics of Ecosystems and Biodiversity) study requires greater insight into the
relation between Dutch trade chains and ecosystem services. The present study assessed the impact
of harvesting tropical timber on ecosystem services and the costs and benefits of more sustainable
production. We have, where possible, quantified and assessed the effects of alternative, more
sustainable, production methods on the provision of a range of ecosystem services. The analysis
carried out in this study can be characterised as a partial cost-benefit analysis plus a qualitative
assessment of impacts by experts.
Dutch imports of tropical timber
At its peak, in 2006-2007, the Netherlands imported about 1.3 million m3 of tropical round wood,
sawn wood and plywood a year (Figure 1.1) As a result of the economic crisis, imports declined to
approx. 0.9 million m3 in 2011. About 90% of the imported wood is used within the Netherlands, while
the remaining 10% is re-exported. The import share of certified timber meeting the sustainability
criteria for government procurement had increased to 39% in 2011, mainly as a result of the
sustainable procurement requirements by the Dutch government and the sustainable trade initiative
(IDH). This is tropical wood from forests that are covered by the PEFC and/or FSC certification
standards. Currently the Malaysian MTCS system that is covered by the PEFC system does not yet
meet the sustainable procurement criteria and is therefore excluded from the certified sustainable
share.

Million m3 round wood equivalents under bark

1.500

Import
Production

1.00
Export

Consumption
.500

.00
1998 2000 2002 2004 2006 2008 2010 2012
Figure 1.1 Dutch imports, use and exports of tropical wood.
Source: CBS et al., 2013.
Brazil, Malaysia and Indonesia are among the largest producers and exporters of tropical wood (e.g.
ITTO 2012) and are also the three most important tropical countries from which the Netherlands
imports tropical wood (e.g. Kamphuis et al., 2011).
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Forest management alternatives
Tropical timber is produced in different ways with different impacts on ecosystem services. Tropical
forests are characterised by a large diversity of tree species, most of which have either unknown or
undesirable wood properties, are too small or are too rare and therefore unknown (e.g. Lindenmayer
and Laurance 2012). Consequently, only a small selection of the species in the forest is of actual
economic importance for timber production. Selective logging, in which only a limited number of
species are harvested, is therefore the most widely practiced logging method in the tropics.
Selective logging involves harvesting only individuals of the economic species that are sufficiently big,
preferably trees with a diameter at breast height (DBH) of over 30 cm (e.g. Shearman et al., 2012).
The eventual impact of selective logging on the remaining forest depends on the abundance and size
distribution of the economic species. In forests with high abundances of economic species, harvesting
intensities, and therefore also the total damage to the surrounding forest, tend to be larger than in
forests with low abundances of economic species. In addition to such forest-dependent characteristics,
which determine the intensity of harvesting, the mode of selective logging will also determine the
impact on forest structure, on biodiversity and on potential ecosystem services.
The present study examined three alternative types of wood production. Two of these types of forest
management relate to selective logging, i.e. conventional and sustainable forest management, while
the third alternative involves the potential of using wood plantations to reduce the overall impact per
unit of timber produced. Conventional selective logging was taken as the reference situation, with
which the other two alternatives were compared.
•

Conventional selective logging (CL) was considered without the implementation of specific actions
to reduce the damage to the remaining forest. In this method, only a limited number of tree
species are being harvested. As a result, secondary forests remain at least partly intact, but
damage may be considerable, probably affecting a number of services provided by the forest (e.g.
Guariguata et al., 2009).

•

Sustainable forest management (SFM) or reduced impact logging (RIL). Under this heading we
generally considered selective logging that meets the standards of important forest certification
schemes like FSC or PEFC. This means, for instance, that RIL should be implemented. This is
selective logging with implementation of a number of measures to minimise the damage to the
residual forest, and particularly future timber trees. Negative impacts on ecosystem services like
carbon sequestration, future timber and NTFPs are likely to be less than with CL. The question is
how large the effects on ecosystem services are and what costs and benefits are involved.

•

Productive forest plantations. Timber plantations aim to increase timber production per unit of
area. As a result, smaller areas are needed to produce the same amount of timber. In some cases,
production of timber from plantations may thus reduce the pressure on the primary forest. Timber
plantations range from pure monocultures to plantations with a mixture of species and buffer zones
with local species planted.

These alternatives are further elaborated in Chapter 2; their consequences for timber yields and other
ecosystem services are discussed in Chapter 3. In Chapter 4 the results of the cost-benefit analyses
are presented. Annex 1 lists abbreviations that are frequently used throughout the text.
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2

Three types of forest management

2.1

Conventional selective logging (CL)

Selective logging of natural forests often implies the opening up of previously less accessible areas.
Before timber harvesting can take place, a number of preparatory actions need to be taken, involving
administrative and infrastructural aspects. First, an area or concession needs to be acquired, usually
involving permits from local and national government agencies, i.e. forestry authorities or
commissions, and fees that need to be paid. Once a concession is acquired (or sometimes
beforehand), inventories of standing stocks need to be made and management plans need to be
developed. The logging can be organised in many different ways. For instance, the concessionaire can
implement the whole process themselves, but there are also arrangements possible, which may
involve road construction during logging being subcontracted to third parties, and timber being sold to
existing sawmills for processing.
Infrastructure
In any case, infrastructure is needed to extract the timber from the concession area and to process
the harvested logs. This includes construction of main roads to create access to the different logging
blocks, and log landings to temporarily stock logs for transport to a sawmill (e.g. close to a harbour).
This can have large impacts on the forest. If no proper bridges and culverts are built, water courses
and hydrology can be severely affected. Depending on the size and organisation of the operation, an
on-site log yard and sawmill will be needed, including workshops for the maintenance of equipment
and vehicles, although it is also possible to use existing centrally located sawmills. If the concession is
located away from population centres, accommodation for forest workers will also be needed. The
impact of the latter, however, will probably be restricted to a relatively small area within the
concession area. The actual timber harvesting requires more detailed inventories, and feeder roads
need to be constructed, with additional effects on the forest.
Felling
Probably the largest physical effects are caused by the felling itself, with falling trees damaging the
surrounding forest and not seldom tearing down other trees entangled with them by vines.
Skidding
Once trees have been felled, they need to be extracted from the forest. This process, called skidding,
makes use of heavy machinery to pull the felled logs from the forest to a place accessible to bigger
trucks (a log landing along a main road). If logging is not well planned and mapped in advance, this
involves a lot of driving around through the forest, resulting in destruction of the understorey and
medium-sized trees. It may also cause soil compaction in the tire tracks, which seriously limits the
regeneration of vegetation in these skid trails. Unplanned skidding wears out the machinery, resulting
in high costs of repair and maintenance. Yet, this is still the predominant skidding approach. In most
countries, logs and stumps need to be registered and numbered to allow forestry authorities to check
the locations of origin of logs.
Sawing and transport
The logs that have been hauled to the log landings subsequently need to be transported to a log yard
and/or sawmill. The usual mode of transport is by truck over the main roads, but occasionally
watercourses or railway systems are also used. At the sawmills, the logs are registered again and
prepared for further transport or sawn to meet the required dimensions. Sawing efficiency varies
greatly across regions and mills, and can be as low as 30% in tropical sawmills. The waste, i.e. bark,
saw dust and leftovers, is often burned in the open air, although it is occasionally used as an energy
source for operating the sawmill or to heat kilns used for drying wood.
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After the logs have been processed or preprocessed, the sawn wood and finished products need to be
transported to the harbour and shipped for export. This involves handling of the wood and
administrative procedures.
Timber benefits
The value added by timber harvesting is highest if final products are delivered, and lowest if
unprocessed logs are exported. To increase the value added in the countries of origin, many countries
tax exports of logs at a much higher rate than exports of sawn wood and finished wood products. The
grade/quality of exported wood is usually higher than that of wood for local consumption. A side-effect
of harvesting more wood for export, without proper planning and inventories before harvesting, is that
more lower quality timber (e.g. hollow or split trees) becomes available. This will subsequently affect
local wood prices. We therefore also needed information on wood prices (local and exported) and the
distribution of local and export quantities.
Other benefits
Effects of conventional logging on other services tend to be relatively small, except probably those on
wild food and other NTFPs. We need to distinguish between short-term and longer-term effects. In the
short term, access to the logged area will be enhanced, allowing hunters and collectors from other
regions to enter the logged areas and collect food and NTFPs (often to be traded). This may lead to
overhunting and overharvesting, reducing the availability to local people.

2.2

Sustainable forest management (SFM)

The UN defines sustainable forest management (SFM) as a ‘dynamic and evolving concept, which aims
to maintain and enhance the economic, social and environmental values of all types of forests, for the
benefit of present and future generations.’

2.2.1

Certification

In timber certification, a distinction is made between certification of forest management and
certification of the ‘chain of custody’ (CoC). Certified forest management guarantees that forest is
managed according to the criteria and indicators of the certifying body, which should guarantee
sustainable forest management. This certification is at the level of individual forest management units
(FMUs). CoC certification also follows the wood through the whole chain of processing and distribution,
making sure that no wood from non-certified sources is mixed into the certified end product. For
instance, timber that has been harvested with a forest management certificate but sawn in a sawmill
without a CoC certificate will eventually reach the customer without the certificate. There are
examples of regions where some concessions have acquired a FSC forest management certificate, but
since no sawmills with a CoC certificate are as yet available there, the timber cannot be exported as
certified timber. Although the wood comes from a sustainable source, it cannot be identified as such in
international trade (see also Simula et al., 2004).
Maintaining or gaining market access has been found to be the most important reason for timber
producers to seek certification. This is especially the case for producers from countries that are major
exporters of tropical wood, like Brazil, Indonesia and Malaysia (Durst et al., 2006). Image and
credibility were also important reasons for certification, while to a lesser extent, certification in
developing countries is driven by anticipated price premiums (Durst et al., 2006). A reason why price
premiums are not the most important driver for logging companies to certify forest management is
that such price premiums are seldom reaped by the logging companies. It is mainly other actors in the
supply chain that reap the economic added value of certification (Rametsteiner and Simula 2003).
Stepwise approach
Steps towards certification are smaller in areas where there is already greater attention and support
for sustainable production than in those with a large gap between current management practices and
certification requirements. The indirect costs of certification are higher if the initial situation does not
already include more sustainable management practices. Using a phased approach, full compliance
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with the certification standard can be reached in incremental steps. This allows available resources to
be focused on achieving specific tasks, which is believed to make it easier to progress towards
meeting SFM requirements for certification standards (Durst et al., 2006; Simula et al., 2004).
Although the International Tropical Timber Organization (ITTO) supported such a stepwise approach,
and it had some practical applications, it has not been officially recognised by certification
organisations.

2.2.2

Reduced Impact Logging (RIL)

One of the aims of sustainable forest management (SFM), including RIL practices, is to reduce the
impact of the selective logging activities on the remaining forest. Although the difference between CL
and RIL in terms of harvested volumes is generally not large, the difference in damage to the forest is.
Consequently, higher future timber yields can be sustained by RIL than by CL.
Planning and reducing damage associated with felling and skidding are key aspects of RIL. More
specifically, these include (see for instance Blate et al., 2002; Holmes et al., 2002; Peña-Claros et al.,
2008; Putz et al., 2001):
•

Directional felling, aiming to let trees fall into existing natural gaps, or gaps created by trees felled
before. This will reduce the damage to surrounding trees and canopy.

•

Low stumps, to get more timber from one tree.

•

Cutting vines to prevent surrounding trees that are entangled with the felled trees by vines falling

•

Improved inventories (100%), mapping all trees that will be harvested, to reduce damage to the

•

Checking potential crop trees for hollow trunks or other defects, to prevent the unnecessary felling

together with the felled tree.
forest by skidders searching for felled trees.
of trees.
•

Planning of roads and skid trails to minimise the extent of the road and skid-trail network.

•

Reducing soil damage by skidding, including for instance restricting skidding to dry weather

•

Winching of trees to limit the number of large skid trails, to reduce the extent of skidder damage.

•

Marking of future crop trees and seed trees with the intention to reduce damage to the marked

conditions.

trees during the felling of surrounding trees. Seed trees are important for quick regeneration of the
forest after logging.
•

Protection of watercourses, including the construction of proper bridges and/or culverts to cross
creeks and rivers.

•

Logging restrictions in protected areas, allowing no hunting in the logged forest.

In general, it is especially the training of forest workers and the time needed for planning in RIL that
lead to higher costs compared to CL, but the higher (sustained future) yields and reduced damage to
equipment mean that net financial gains are expected to be higher in the long term (Boltz et al.,
2003; Holmes et al., 2002; Van der Hout 1999; Van Gardingen et al., 2003).

2.3

Forest plantations

Non-timber ecosystem services
Forest plantations include planting of trees on areas that were previously natural forests, or on areas
that had other designations, like agriculture. Ecosystem services provided by these plantations greatly
depend on plantation management and the types of species planted. Moreover, it matters whether
undergrowth is stimulated or controlled, and ecosystem services are also influenced by the rotation
cycle chosen, as fast-growing short-rotation plantations, like Eucalyptus plantations, are likely to
deliver fewer ecosystem services than long-rotation plantations with for instance Teak or Rubber. How
this turns out depends on local circumstances. For example: planting Eucalyptus can reverse erosion,
but at the same time, because of high evapotranspiration, dramatically reduce water availability.
The net effect of establishing a plantation will also greatly depend on the previous land use. Compared
with natural forests, a number of services are likely to be reduced, while the services provided by the
plantations will increase in comparison with arable land.

Costs and benefits of a more sustainable production of tropical timber

| 17

18 |

WOt-technical report 10

3

Timber yields and other ecosystem
services of the forest management
alternatives

3.1

Introduction

Based on a review of published data and other information, this chapter tries to quantify physical and
economic effects of the different forest management alternatives on forests and ecosystem services.
We have assumed that in natural forests, local communities are allowed to extract timber for their
own use, and NTFPs both for subsistence use and trade and export. The alternative logging options
are expected to have – apart from the yields of timber – a number of effects on ecosystem goods and
services; see Sections 3.3-3.6.
Tropical forests render a number of other ecosystem services. In this report we consider four groups
of them:
•

NTFPs, such as game, fish and other products gathered in the forest.

•

Carbon sequestration and maintaining a carbon stock.

•

Water control, including watershed protection, erosion control, provision of drinking water, reduced
risks of flooding and maintenance of water quality downstream;

•

Conservation of biodiversity that can be exploited by means of eco-tourism.

As explained above, the provision of these ecosystem services can be threatened by harvesting or
cultivating tropical timber. These effects are mainly in terms of physical availability. Tenure and access
issues can also play a role, but can work both ways: sometimes improving access, sometimes blocking
it. Under FSC certification, roads must be closed to motorised vehicles after harvesting, but this might
still give the local community better access to the forest.
A comprehensive comparison of CL and RIL studies (FAO 2004) shows that damage to the residual
forest stands under CL is in the range of 30 - 70% (this means that 30 to 70% of the remaining trees
are severely damaged or dead), depending on forest structure and harvesting intensities. This damage
to the residual stands can be considerably reduced by applying RIL techniques. In a case study in
Indonesia (Sist et al., 1998), for instance, at moderate levels of harvesting (<8 trees per ha) ~50% of
the trees in the forest were found to be severely damaged by CL, compared to only 25% with RIL
(Table 3.1).
We used the following estimates of damage to the residual forest. In South American tropical forests,
logging damage is on average 17% for RIL and 32% for CL (averages estimated from De Graaf et al.,
1999; FAO 1997, 2004; Sist and Ferreira 2007; Van der Hout 1999) while in South East Asia, with
higher logging intensities, this is on average 54% for CL and 28% for RIL (estimated from Bertault &
Sist 1997; FAO 2004; Grieser-Johns 1996; Kilkki 1992; Pinard et al., 2000; Pinard et al., 1995;
Richter 2001; Sist et al., 1998; Sist et al., 2003b; Tay 1999; Van Gardingen et al., 1998 (See Annex
4).
Additionally, 30 to 75% of the forest area in conventionally logged areas can be severely affected by
logging roads, skid trails and landings, while careful planning and construction of these leads to an
impact on only 10-25% of the forest under RIL (FAO 2004).
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Table 3.1
Estimated percentage of damage in the residual and surrounding forest.
Conventional logging

Reduced impact logging

S America

32%

17%

SE Asia

54%

28%

Affected by infrastructure (roads, skid trails,
landings)

30-75%

10-25%

Source: see Annex 4

There are also potential positive effects of selective logging on the availability and use of ecosystem
services. The infrastructure associated with commercial selective logging operations may, for instance,
facilitate the collection of NTFPs by the local population and the transportation to markets.

3.2

Timber production

3.2.1

Conventional and reduced impact logging (CL and RIL)

Timber yields in m3
Calculations were made on the assumption that CL and RIL have the same 30-year felling cycle.
Medjibe and Putz (2012) reviewed production volumes of CL and RIL systems based on several
literature sources, including a number of studies from South East Asia and South America. We
selected all studies from these two regions that provided data on production levels and costs of
timber, and calculated average production levels for both regions.
For South America, the average harvest levels per hectare are very similar for CL and RIL, see Table
3.2. In South East Asia, the average harvesting intensity of the first harvest is much higher than in
South America, mainly due to the higher abundance of commercial tree species. The intensity of the
first harvest is substantially higher for CL than for RIL.

Table 3.2
Average volume of timber extracted by conventional selective logging (CL) and reduced impact
logging, first harvest (with ranges between brackets).
Region

CL (m3 ha-1)

RIL (m3 ha-1)

S America

27.5 (25-30)

28.6 (20-39)

SE Asia

85.7 (28-136)

62.8 (53-106)

Based on Medjibe and Putz, (2012).

Profits with CL and RIL
Based on reported logging costs and log sale prices (see Medjibe and Putz 2012), logging profits vary
substantially between harvest systems and with harvesting intensities, expressed either per hectare
logged or per timber volume harvested. Among the 10 studies that compared RIL and CL, 6 found CL
to be more profitable if expressed on a per hectare harvested basis, but this number fell to only 3
when expressed on a volume harvested basis (Figure 2 in Medjibe and Putz 2012). This effect
apparently results from the typically higher harvesting intensities in CL operations. When compared on
the basis of areas allocated for harvesting rather than the portions actually harvested, RIL profits were
substantially lower (data not shown in Medjibe and Putz 2012), but this effect depends substantially
on whether areas to be excluded from logging due to proximity to streams or steep slopes are
included within the demarcated logging blocks.
For the Brazilian Amazon region, maximum allowed harvesting intensities are 30 m3 per hectare, in
combination with a minimum of 25-35 years felling cycle (De Graaf and Van Eldik 2011; Zarin et al.,
2007). Both the CL and RIL volumes considered here for tropical wood from Brazil are below this
maximum allowed yield.
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The intensity and sustainability of the first harvest will determine the timber yields that can be
sustained in the future and thus the future benefits from logging. Many studies have assessed the
differences between CL and RIL in terms of future yields (see e.g. Medjibe and Putz 2012; Putz et al.,
2012). The trend these studies show is that timber yields after the first rotation are consistently
higher under RIL than CL (Table 3.3).
Modelling studies show that under CL as well as under improved forest management, the relatively
high timber yields of the first harvest decline by approx. 50% during the second and subsequent
harvests (meta-analysis in Putz et al., 2012; Putz et al., 2013). Timber yields at second and
subsequent harvests, however, can be sustained at those lower levels. Differences in consecutive
timber yields between CL and RIL have been quantified based on a number of published studies
presenting model projections with a cutting cycle of approximately 30 years (Table 3.3).

Table 3.3
Logging intensities at first harvest and yields as a percentage of the first harvest for second and third
harvests. The cutting cycle is the time in between two logging events.
CL = conventional logging, RIL= reduced impact logging.
Logging
method

Cutting
cycle

Yield 1st
cut
(m3 ha-1)

Yield 2nd
cut
(% of 1st)

Yield 3rd
cut
(% of 1st)

Reference

Brazil

CL

40

30

50

55

Macpherson et al., 2010

Brazil

CL

30

39

74

38

Valle et al., 2007

Brazil

CL

30

30

18

Brazil

RIL

40

30

67

Brazil

RIL

30

75

72

Brazil

RIL

30

36

89

Brazil

RIL

30

21

36

Brazil

RIL

30

34

56

35

Bolivia

RIL

30

10.3

34

14

Van Gardingen et al.,
2006
Blate 2005

Bolivia

RIL

30

14.7

47

32

Blate 2005

Guyana

RIL

25

32.5

76

71

Arets 2005

Averages
applied

CL
RIL

30
30

271
281

12.7 m3 (47% of 1st)
15.1 m3 (54% of 1st)

Indonesia

CL

35

80

Indonesia

CL

35

78

79

45

Indonesia

RIL

35

80

43

53

Indonesia

RIL

35

60

56

59

Indonesia

RIL

35

50

86

90

Malaysia

RIL

30

106

702 (100)

702 (100)

Van Gardingen et al.,
2003
Van Gardingen et al.,
2003
Van Gardingen et al.,
2003
Healey et al., 2000

Malaysia

CL

30

136

442 (63)

442 (63)

Healey et al., 2000

Averages
applied

CL
RIL

30
30

851
631

38.3 m3 (45 % of 1st)
41.0 m3 (65% of 1st)

Country

S America

Valle et al., 2006
73

Macpherson et al., 2010
Silva et al., 1995

56

Valle et al., 2007
Sist and Ferreira 2007

SE Asia
49

Van Gardingen et al.,
2003
Sist et al., 2003a

Sources: Selection of studies by Putz et al., (2012) and additions from Healey et al. (2000).
1) Based on data in Medjibe and Putz (2012).
2) Based on a 60-year cutting cycle (Arets (2005) and the assumption that the yield at the second cut in a 30year cutting cycle is approximately 70% of the yield at the second cut in a 60-year cutting cycle. Value for 60year cutting cycle between brackets.
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Monetary value
To value benefits from timber, we used the export value for industrial round wood as reported for
2010 by the International Tropical Timber Organisation (ITTO) database 3. Timber prices were
assumed to be equal for CL and sustainable forest management (SFM) and were US$ 183 m-3 for
South America (Brazil) and US$ 142 m-3 in South East Asia (average prices for Malaysia and
Indonesia), see Table 3.4.

Table 3.4
Export price for industrial round wood, 2010 (US$ per m3).
Conventional logging

Sustainable forest management

S America

183

183

SE Asia

142

142

Our analysis does not consider potential effects of market failures and wood shortage. In South East
Asian countries in particular there are signs of imminent shortage of wood from natural forests
(Shearman et al., 2012), which will most likely have strong effects on the price of round wood from
natural forests.
Costs
The most important direct costs associated with certification are incurred by improving forest
management practices, while the additional costs of auditing and monitoring are relatively modest for
large-scale producers (Simula et al., 2004).
Included in the calculation is a small amount of direct costs of certification. Based on Simula et al.,
(2004) we used US$ 0.36 /m3 for SFM and US$ 0.01 /m3 for plantation. Note that these do not cover
the costs of complying with the requirements, as those are partly included in the regular cost
difference between RIL and CL.
Medjibe and Putz (2012) reported production volumes and costs of CL and RIL production systems
based on several literature sources from South East Asia and South America. They differentiated the
costs of timber production into pre-harvest, harvest planning, infrastructure and harvest operation 4.
To calculate average costs per region, we selected the studies from South America and South East
Asia, which provide data on both production volume and production costs. Costs are expressed in US$,
at 2010 prices (converted using the consumer price index), see Table 3.5.

Table 3.5
Average costs for timber production in conventional logging (CL) and reduced impact logging (RIL)
(US$, 2010 prices).
Timber costs (US$ m-3)

South America

South East Asia

CL

RIL

CL

RIL

Pre-harvest

0.32

2.25

0.39

2.59

Harvest Planning

0.23

0.55

0.00

0.39

Infrastructure

1.68

0.63

3.34

4.29

Harvest Operation

8.83

7.65

15.15

17.90

Total

11.06

11.08

18.88

25.17

Source: Medjibe and Putz (2012)

3
4

http://www.itto.int/annual_review_output/
Sawing and processing of wood adds further value to the timber. Costs of saw mills and processing industries vary widely
and are not included in this analysis as they are considered to be not directly related to costs and benefits from ecosystem
services. However, to comply with Chain of Custody (CoC) certification, i.e. to ensure that timber from certified forest
management remains certified sustainable, saw mills and other processing industries will incur additional costs to meet
the demands for certification and the CoC certification itself.
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3.2.2

Forest plantations

The plantation alternative was quantified using detailed information on costs and benefits from
plantation development and harvesting in Malaysia provided by FAO (2002). Since the forest
plantations had to serve as an alternative to harvesting from natural forests, we selected Acacia
(Acacia mangium) and Teak (Tectona grandis), two species that are considered general utility species
with broad potential applications, as examples. The relative availabilities of plantations with these two
species in Brazil (South America) and Malaysia and Indonesia (South East Asia) (FAO 2002) were used
to assess the relative contributions of these two plantation species to the plantation alternative that
was evaluated in this study (see Table 3.6).

Table 3.6
Assumed distribution of tree species in the plantation alternative
Acacia

Teak

S America

76%

24%

SE Asia

62%

38%

Yields
Data on timber production in plantations is based on a case study by FAO (2002) for plantations in
Malaysia. This was the only available study to quantify log and chiplog productivity in combination with
the costs of plantation establishment and the maintenance and thinning and harvesting costs for
different tree species, including Teak and Acacia. For the South American (i.e. Brazil) analysis, the
costs and benefits were calculated using relative price differences between Malaysia and Brazil.
A scenario in which the total amount of timber produced over a 60-year period is equal to the
production from CL (equivalent in volume) would show a major reduction in monetary timber yields,
as prices of Acacia-Teak timber from plantations are lower than average prices from CL. This is the
result of the low value of Acacia wood (US$ 75 in our calculations) compared to the value of wood
from CL (see Table 3.4 of export prices for industrial round wood above) and the large contribution of
Acacia to the total production from plantations. The value of wood from Teak plantations we used is
much higher (US$ 300), but this tree has a smaller share in the total production from plantations.
A fairer comparison can be made by comparing CL and plantation yielding the same amount in
monetary terms (equivalence in money value). This is the comparison we made in Chapter 4 5. The
consequence is that under the plantation scenario, more m3 of timber are harvested and consequently
a larger part of the area is under cultivation (and a smaller part is left for natural forest). This
evidently has consequences for the provision of non-timber ecosystem services from the remaining (or
‘spared’) semi-natural forest (see Annex 3 for the plantation area needed compared to natural forest
area, at different discount rates).
Prices of timber from plantations are differentiated into two levels, depending on the year of
harvesting within the rotation cycle, as the harvesting year influences the size of the logs and the
quality of the timber. The wood harvested during intermediary thinnings is of chip log quality, which is
lower than that of the wood from final felling.
Costs
The estimated costs for the plantation alternative are also based on FAO (2002) and include costs of
establishment, maintenance, thinning and harvesting. Establishment costs occur only once, at the
start of the production. Costs of land purchase are not included, as they are property transfers and as
such not part of an economic cost-benefit analysis. All costs are expressed in US$, at 2010 prices.

5

Calculations on the basis of equal-volume CL and equal-value RIL yields were also made and are available.
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3.3

Wild food and other non-timber forest products
(NTFPs)

In many tropical forest regions, non-timber (or non-wood) forest products (NTFPs) are an important
source of subsistence food, medicines and materials. They are also important for employment and
household cash income (e.g. Arnold and Ruiz Perez 1998; Duchelle et al., 2011; Guariguata et al.,
2009; Kaimowitz 2003; Odebode 2003; Pimentel et al., 1997). In the Amazon region, Brazil nuts
(Bertholletia excelsa) and fruits and palm hearts of the Açaí palm (Euterpe oleracea) are among the
most important NTFPs. In Pando, Bolivia, collection and trading of Brazil nuts provides up to 43% of
total household incomes (Duchelle et al., 2011). In South East Asia, rattan is considered one of the
more valuable NTFPs from mixed-use management (management for timber and NTFPs) and
generates substantial foreign exchange for the producer countries (Panayotou and Ashton 1992;
Shanley et al., 2002).
Based on a questionnaire held among a large number of households in different areas in Nigeria, Awe
et al., (2011) concluded that the most important reason for gathering NTFPs was food security,
followed by self-income and employment. In a review of valuation studies, Ferraro et al. (2012)
concluded that NTFPs provide a major share of total household consumption and income especially in
poor communities without ready access to markets. For these communities, they also provide an
important safety net against economic shocks and in times of food scarcity. NTFPs seem to be less
important for communities with access to commodity markets.
Net present value (NPV) of revenues from NTFPs is often assessed to be higher than the value of other
more destructive land uses. A seminal paper by Peters et al. (1989) calculated the time-discounted
NPV of present and future harvests of NTFPs at US$ 6630 for a single hectare of rain forest near
Iquitos, Peru. This value, however, was based on the value of the standing inventory and not on
actually extracted and marketed quantities. A number of other issues relating to the method applied
also make this a very unrealistic estimate of the possible value of benefits from NTFPs. For instance, it
excludes post-harvest losses and neglects market insecurities and the necessary destructive extraction
of some of the products, which would reduce yields of future harvests (see Sheil and Wunder 2002 for
a detailed discussion of these issues).
Since Peters et al. (1989), a number of more realistic NTFP valuation studies have become available.
There are many studies relating NTFP extraction to household income, but few actually provide data
on a per forest area basis (Ferraro et al. 2012), as is required for our analysis. The valuation
estimates range from US$ 6 to US$ 47 per hectare per year (Ferraro et al., 2012; Godoy et al., 2002;
Gram 2001; Shone and Caviglia-Harris 2006). In a study of a forest-based community in Brazil, Shone
and Caviglia-Harris (2006) found that the average income from NTFPs was US$ 32 (at 2010 prices)
per ha per year, while the total harvest value of the NTFPs was US$ 67 (see also Godoy et al., 2002.
Our focus is on NTFPs collected from natural forests. In some cases, publications provide production
quantities and market prices for NTFPs that are very likely based on the production from agro-forestry
systems like home gardens, small holder plantations or even large-scale plantations. Chomitz and
Kumari (1998) argue that it is important for valuation to separate the purely extractive systems, in
which NTFPs are harvested from natural forests, from more intensive agro-forestry systems ranging
from enrichment plantings of desirable NTFP species to plantations. For instance, Van Beukering et al.
(2003) list Aleurites moluccana (Candelnut / Kemiri) as the most important NTFP from the Leuser
ecosystem. In North Sumatra, however, this tree is extensively cultivated in home gardens
(Krisnawati et al.), so most of the listed productivity in the Leuser ecosystem probably stems from
cultivated trees. The same probably applies to more of the listed medium- and high-value NTFPs for
which cultivation is possible.
Logging and concession management is expected to impact on the availability of NTFPs (Guariguata et
al., 2011; Guariguata et al., 2010). Most studies assessing the effect of selective logging on NTFP
extraction have reported a negative impact, but few studies have actually quantified the impact (Rist
et al., 2012). Damage from logging activities will probably have a similar impact on the NTFP species
as on other species. For instance, a study by Guariguata et al. (2009) in FSC-certified forests in
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Bolivia with extremely low logging intensities of on average 0.5 trees per ha (4-5 m3) found that about
0.1 Brazil nut tree per ha was severely damaged, making the risk of severe damage to the trees about
3%. These damage rates are likely to be much higher under logging with higher intensities: assuming
a more ‘typical’ logging intensity of 30 m3 ha-1, the risk of damage could be estimated at around 17%,
which is similar to the level of damage usually observed with RIL (see below). Pre-harvest marking of
valuable NTFP trees like Brazil nut could reduce logging damage to these trees and would secure
future harvests of these products. Brazil nut is a valuable NTFP collected mainly in Brazil and Bolivia.
Estimates of the impact of CL on NTFP extraction as perceived by local forest communities in a rapid
rural appraisal indicated a 86% decline in the value of fruit and nut extraction and an 68% reduction
in hunting rates, see Menton (2003).
Yields of Non-Timber Forest Products
South America
We calculated the NTFP production for Brazil based on the per area information from Gram (2001).
The total value of NTFPs collected from natural forests was US$ 35.5 (2010 prices) per ha per year,
about 60% of which was from hunting and fishing and 40% from collecting other products. This did
not include the relatively high-value Brazil nuts, which added an additional US$ 9.1 per ha per year in
natural forests. This value was based on average yield estimates by Nunes et al. (2012), including
yields derived from studies presented in that publication (i.e. Kainer et al., 2007; Wadt et al., 2005;
Zuidema 2003; Tonini et al., 2008) combined with the average profits for shelled nuts. Consequently,
the total estimated value of collecting and hunting NTFPs from natural forests we used in our analysis
was US$ 44.6 (Table 3.7). This value is also within estimates for NTFPs in the Brazilian Amazon by
Shone and Caviglia-Harris (2006). We assumed that the loss of NTFPs in logged forests is proportional
to the damage to the residual stand (CL 32%, RIL 17% in South America, see Section 3.1), and that
access is not affected by its management status.

Table 3.7
Estimated value of NTFPs from natural forest, South America, (US$/ha per year, 2010 prices)
Game

Fish

Other

Total

21.3

14.2

9.1

44.6

Sources: see above

South East Asia
There are few studies from South East Asia that have quantified NTFP value and can be linked to the
physical effects of selective logging (Ferraro et al., 2012). An exception is the study by Healey et al.
(2000), which was initially also used as a pilot to this study (see Annex 2). The approach in this study,
however, is very different from the approach we followed for the South American case above, as they
directly assessed the impact of CL and RIL on a number of services. The results, however, are all
related to changes in value compared to natural forests, without providing the actual value of services
in natural forest. Both CL and RIL reduce the benefits and costs of NTFP harvesting (in this case rattan
and wild food). In conventionally logged forests the annual benefits from harvesting rattan (an
important NTFP in South East Asia) were US$ 17.24 (2000 prices) per ha lower than in natural forests,
while the annual benefits from hunting wildlife (wild food) were US$ 0.45 (2000 prices) per ha lower
than in natural forests.
To allow the calculation of the plantation scenario, in which part of the natural forests is retained, we
estimated the total annual rattan and wild food value for natural forests, while assuming that the loss
of benefits is proportional to the logging damage to the forest.
Studying the same RIL study area as Healey et al. (2000), Pinard and Putz (1996) found that in CL
about 44% of the residual forest is destroyed or severely damaged. About the same damage levels for
the same area were reported by Tay et al. (2002). Based on this, the value of rattan harvesting in
natural forests was estimated at US$ 30.8 (2000) per ha per year and the value for wildlife hunting at
US$ 0.8 (2000) per ha per year. Using the World Bank consumer price index for Malaysia, we
converted these values to 2010 US$ (see Table 3.8). Subsequently, we estimated losses of NTFP
benefits for CL and RIL based on the average rates of damage to the residual forest (see Section 3.1).
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Table 3.8
Estimated value of NTFPs from natural forest, conventional logging (CL) and reduced impact logging
(RIL) in South East Asia, (US$ per ha per year, 2010 prices).
Forest management regime

Wild food

Rattan

Total

Natural forest

1.0

39.9

41.0

CL

0.5

18.4

18.8

RIL

0.7

28.7

29.5

Sources: see above

We have assumed that the forest plantations themselves do not provide NTFPs, although it should be
noted that in certain agro-forestry systems it would be possible for plantations to provide such goods.
In the case of rubber plantations for wood production, the rubber can still be tapped, which would
provide an additional source of income for the plantation. The NTFPs provided in our plantation
scenario are the result of ‘sparing’ natural forests, as a result of the higher productivity of plantations
compared to selectively logged forests.
Costs of NTFP collection and harvesting
There is very limited information on the differences in costs for collecting and harvesting NTFP under
the different alternatives studied. Nunes et al. (2012) estimated the costs of transportation using
existing infrastructure networks at US$ 1.13 per 70 kg bag of shelled Brazil nuts (which would
correspond to about US$ 0.24 per ha on which the nuts are collected (average 14.6 kg ha-1).
Transportation is facilitated in logging concessions by the availability of logging roads and skid trails.
Our study did not include the costs of NTFP collection and harvesting.
Sustainability of NTFP harvesting and hunting
The mere fact that local people use the forest to collect and harvest timber and NTFPs and hunt for
local game species does not necessarily mean that such uses are always sustainable. In a case study
region in Northern Bolivia where Brazil nuts are collected, many vertebrate species were found to have
diminished due to uncontrolled hunting, both for subsistence consumption and for international fur
markets (Guillén 2002). Also, NTFP harvests can show drastic year-to-year variation due to unequal
distribution of NTFP species over the forest and variation in productivity between years (e.g. Gram
2001).

3.4

Carbon stocks and carbon sequestration

Tropical forests store large quantities of carbon and therefore play an important role in regulating
global climate. Although there is great uncertainty about the level of carbon emissions from tropical
deforestation and forest degradation (including selective logging), recent studies estimate emissions to
be between 0.81 and 1.5 gigaton carbon annually, accounting for about 10-25% of global greenhouse
gas emissions (Baccini et al., 2012; Gullison et al., 2007; Harris et al., 2012; Pan et al., 2011).
Reducing deforestation and forest degradation is considered a relatively cheap option for carbon
emission mitigation as compared to more advanced technological solutions to reduce emissions from
fossil fuel use. As a consequence, reducing deforestation and forest degradation and promoting forest
conservation and sustainable forest management have gained increased attention in international
discussions on climate change.
In recent years, the UNFCCC discussed ways in which reducing emissions from deforestation and
forest degradation (REDD) in developing countries could contribute to climate change mitigation. Since
the 2007 Conference of the Parties (COP-13) the Bali Action Plan has set out the path for the
negotiations on REDD to be included in the successor to the Kyoto Protocol. At the 2009 COP-15 in
Copenhagen, parties further agreed to not only include reduced emissions from deforestation and
degradation, but also conservation of forest carbon stocks, sustainable management of forests and
enhancement of carbon stocks as mitigation options under a UNFCCC REDD-plus mechanism.
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REDD+ should eventually result in a compensation mechanism that encourages and allows
implementation of policies to effectively protect and sustainably manage tropical forests.
Compensation will be offered for emission reductions that are achieved compared to a business-asusual baseline.
There is great variation in local carbon stocks, which may range from 72 tons to 225+ tons of carbon
per hectare in aboveground biomass, depending on forest type and region (e.g. Gibbs et al., 2007).
Moreover, it matters for the valuation of a unit of carbon dioxide whether it uses carbon market prices
or the prevented (future) economic and social costs associated with the emissions of CO2. The latter
are, however, highly speculative. Avoided emissions at market prices can be used to compensate the
extra costs of improved forest management. Therefore, our analyses used market prices of avoided C
emissions.
To assess the carbon-related benefits of more sustainable wood production we followed the reasoning
behind REDD+. We took CL as the baseline, with which other forest management types were
compared.
A number of studies have assessed the effects of RIL on carbon stocks and carbon sequestration. The
effect of selective logging on carbon stocks is generally negative, but its magnitude depends greatly
on logging intensity and level of damage (Asner et al., 2005; Kirby and Potvin 2007). As a result, RIL
involves smaller carbon losses at similar timber extraction levels than CL (Healey et al., 2000; Medjibe
et al., 2011; Pinard and Putz 1996; Putz et al., 2008), see Figure 3.1.

Figure 3.1

A) Reductions in carbon losses from improved forest management per hectare of

Malaysian forest, and B) Annual reductions in global carbon emissions that would result from adoption
of improved tropical forest management practices. Source: Putz et al. (2008)
Based on two cases in Putz et al. (2008), comparing CL and RIL in Brazil and Malaysia, we estimated
benefits from carbon retained under RIL compared to CL (Table 3.9).
Tropical plantations generally store much lower total carbon quantities than natural forests, with
differences that may be as large as 53-77% in Ghana and Brazil (Wauters et al., 2008). A global
meta-analysis by Liao et al. (2010) showed a 28% reduction in total carbon stocks in plant biomass
and soil. This meta-analysis included 86 experimental comparisons between plantations and adjacent
natural forests and included different forest types and biomes, not only tropical forests. The observed
trend was the same in all geographic regions, but the impact on carbon in aboveground biomass was
found to be especially large in tropical forests, compared to the other regions.
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Table 3.9
Carbon loss and retention in harvesting with 30-year logging cycles in Brazil and Malaysia, for CL and
RIL

Total carbon in unlogged forest (t ha-1) 213
3

-1

Logging intensity (m ha )

186

782

683

125

30

- Loss from CL (t ha-1)

108

19

396

70

- Loss from RIL (t ha-1)

78

12

286

44

- Carbon retained due to RIL

30

7

110

26

Brazil

Para,

Malaysia

Sabah,

10 US$/ton

Brazil

Benefits at

US$/ton

Para,

Benefits at 5

Malaysia

Sabah,

Para, Brazil

Malaysia

CO2 eq.

Sabah,

Brazil

Para,

Malaysia

Sabah,

Original data

Carbon loss and retention with 30-y
logging cycles
1,982

349

3,964

697

551

128

1,101

257

(t ha-1) = prevented emissions
Source: Putz et al. (2008)

Market prices for carbon offsets fluctuate greatly and vary across the types and vintage of projects
and the expected permanency of the offsets (Kollmuss et al., 2008). Prices on voluntary markets tend
to be lower than on the compliance market. Related offsets prices for LULUCF and REDD range
between 5 and 5 US$ per ton CO2 (Kollmuss et al., 2008). This will probably be closer to 5 for
voluntary REDD credits, but is expected to be higher once REDD will become a mechanism under the
UNFCCC. Here we used an estimated US$ 10 per ton CO2 as the market price for carbon
offsets (US$ 10 per CO2 eq. of prevented emissions).
We assumed that emissions are reduced in every situation where sustainable forest management
replaces conventional selective logging. Hence, these REDD+ related benefits are generated by the
sustainable forest management alternative at every logging event throughout the logging cycles of
one ha of forest. Transaction and implementation costs for REDD+ have been estimated at US$ 1 per
ton CO2 (Olsen and Bishop 2009), which we have already subtracted from the market price. The result
thus shows the net economic benefits of reduced carbon emissions.

3.5

Soil and watershed services

Forest cover is considered beneficial for a large number of hydrological processes and services, like
water infiltration, streamflow/water availability, flood mitigation, etc. In reality, the relationships are
very complex (Bruijnzeel 2004; Calder 2007; Lele 2009; Lele and Srinivasan 2013) and extremely
difficult to quantify and generalise. As benefits from soil and watershed services vary too much from
place to place, they are not included in the quantitative assessment in Section 4.1 but are included in
the qualitative assessment instead (Section 4.2). The only exception is the reduction of sediment
loads at hydro-electric power stations (figures for South East Asia only).
Soil erosion is considered to be higher under CL than RIL, especially if the logging area includes steep
slopes. Healey et al. (2000) estimated the impact of soil compaction on benefits from future timber
yields. In our assessment, this effect is already discounted for in the estimated losses of future timber
yields as presented in Section 3.2.
A number of studies have assessed the value of hydrological services of forests for hydro-electricity,
mainly linked to the prevention of erosion and reduction of sediment loads, but also to the regulation
of water supply.

Healey et al. (2000) estimated the impact of increased sediment loads (due to logging) on hydroelectric power stations. On an annual basis, the additional costs of removing the sediment in this case
study site in Malaysia were estimated at US$ 5.21 per ha for CL, compared to natural forests (2000
prices). According the authors, this is only a rough estimate and should be treated with caution, but
since it is one of the few published results quantifying the impact of logging on watershed services, we
decided to use it here. The damage caused by CL to the residual forest in the Healey et al. (2000)
study area was only 44% (see Pinard and Putz (1996) and Section 3.3), while our assessment
included an estimated average damage by CL of 54% (see Section 3.1). To estimate a value for
natural forests for use in our assessment we therefore corrected the original value in proportion to the
differences in damage levels.
The value for watershed services under CL was subsequently assumed to be zero and that under RIL
again proportional to the damage under RIL (28%, see Section 3.1). Using the World Bank consumer
price index for Malaysia, these values were converted to 2010 US$.

Table 3.10
Estimated value of sediment load prevention by natural forest, conventional logging (CL) and reduced
impact logging (RIL) in South East Asia (US$ per ha per year, 2010 prices).
Forest management regime

Value

Natural forest

6.40

CL

0

RIL

4.61

Sources: see above

In an extensive valuation study of forests in Aceh, Van Beukering et al. (2009) compared a full
conservation scenario with a scenario involving an increasing deforestation rate. Their assessment of
water supply under these scenarios included the importance of forests for the soil recharging capacity
and peak flow, but it seemed to ignore the effect of evapotranspiration by the standing forest, which
usually results in a reduction in base-flow and will thus reduce water flows (e.g. Lele 2009; Lele and
Srinivasan 2013).

3.6

Eco-tourism

Depending on local conditions, eco-tourism can be a substantial source of income. We expect,
however, that there will only be minor differences in the impacts of CL and SFM on eco-tourism.
Plantation leaves larger shares of natural forest intact and might therefore result in a greater
attraction value (outside the harvested areas) for tourists.
As benefits from eco-tourism vary too much across different locations, they are not included in the
quantitative assessment in the next chapter but in the qualitative assessment instead.
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4

Results

4.1

Quantitative assessment

This survey of different forest management regimes and their impact on the provision of ecosystem
services shows that some of the services rendered can be quantified while some cannot. We also
found that prices can be attached to the quantifiable services so that it is possible to express them in
the same unit of measurement: money. We found differences in the costs of the three management
regimes, which makes it possible to confront these with the monetary benefits (of some of the
ecosystem services). This enabled us to carry out a – partial – cost-benefit comparison of the different
management regimes to produce tropical timber. The cost-benefit analysis is partial to the extent that
benefits that can – in principle – be expressed in monetary terms were only included when existing
reliable data was available. The analysis is also partial because no attempt was made to assess the socalled remaining value of the forest after logging (or the plantation) at the end of the 60-year period
considered.
In this section we present the costs and benefits of the following ecosystem services.
1. Timber yields.
2. Cost of forest management.
3. Cost of certification.
4. Carbon sequestration and maintaining a carbon stock.
5. Benefits from hunting and fishing (‘wild food’).
6. Benefits from gathering other non-timber forest products, such as nuts, rattan etc.
7. For South East Asia only: benefits from sediment load prevention at hydro-electrical plants.
Not included in this quantitative assessment are:
•

Water control, including watershed protection, erosion control, provision of drinking water, reduced
risks of flooding and maintenance of water quality downstream.

•

Conservation of biodiversity as a goal in itself or as a means to promote eco-tourism.

•

Indigenous culture.

These ecosystem services are discussed in Section 4.2.
The forest management regimes considered are:
• Conventional selective logging (CL).
• Sustainable forest management (SFM) or reduced impact logging (RIL).
• Productive forest plantations (plantation for short).
A more comprehensive description is provided in Chapter 1.
Discounting costs and benefits
Costs and benefits are incurred and received at different moments in time. This poses a problem for a
fair comparison, as future costs and benefits are appreciated differently from present costs. The usual
way to tackle this problem is to recalculate costs and benefits to the so-called present value (or net
present value) by discounting: future costs and benefits are weighed in such a way that the further
these are in the future the lower their weight. This yearly ‘depreciation’ is called the discount rate.
Discount rates reflect people’s time preference. In the economy, discount rates are normally positive.
In other words: people appreciate gains now more highly than gains later, and they regret present
costs more than future costs. This is why people are willing to pay positive real interest on borrowed
money (real interest = the nominal interest rate minus the rate of inflation) and lenders, like banks,
demand interest on their loans 6.
6

Discount rates and (net) present value have nothing to do with inflation, as they are always expressed in real (i.e.
corrected for inflation) terms.
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The next issue is to select an appropriate discount rate for the costs and benefits found in the
preceding chapters. For years it used to be common practice, especially for infrastructure projects, to
apply a 4% discount rate. Up until recently, this was more or less in line with the long-term real
interest rate. In recent years, however, long-term interest rates seem to have become permanently
lower, sparking a debate (also in the Netherlands) about the discount rate to apply for long-running
projects. Moreover, and more importantly in this context, there is the criticism that discounting on
future benefits from ecosystem services does not consider the specific, non-renewable and irreversible
aspects of ecosystems and their services. Some, therefore, advocate a 0% discount rate when these
ecosystem services are involved.
We do not take a stand in this debate, but calculated present value both with a discount rate of 0%
and one of 4%. The latter implies that costs made and benefits received over 17.5 years are weighed
at only 50%, those over 35 years at 25%, those over 53 years at 12.5%, etc. The half-life is 17.5
years, so to say. In our view, the 0-4% range covers the reasonably acceptable range for discounting.
From Figures 4.2- 4.9 we can draw the following conclusions (for numerical results see Annex 3).
a) Timber yields and harvesting cost
•

7

The present values of benefits and costs are by definition always higher at a 0% discount rate
than at a 4% rate.

•

Timber yields (in money terms) in South East Asia are considerably higher than in South America,
by a factor of 2–2.5.

•

In South America, timber yields (in money terms) of RIL are higher than those of CL (while for
plantation they are equal to CL by definition), but so are the costs. These higher costs, however,
are more than offset by future higher yield, resulting in a positive difference in net yield for RIL of
US$ 1000 per ha at a 0% discount rate and US$ 330 at a 4% discount rate (present values per ha
over a 60-year period).

•

Hence, even without taking the higher level of ecosystem services into account, RIL is preferable
solely from a commercial long-term business point of view.

•

This is different in South East Asia. Over a 60-year (three logging events) period, CL yields more
than RIL, while costs are lower. The results show a net yield per ha of US$ 19,900 for CL and US$
16,800 for RIL at a 0% discount rate. The corresponding figures at a 4% discount rate are US$
12,400 (CL) and US$ 9,200 (RIL). Hence, the differences in net yield (present value) are approx.
US$ 3200, in favour of CL, at both discount rates.

•

In this region, the potential commercial advantages of RIL over CL must be sought in the market
value of non-timber ecosystem services provided.

•

At plantations, the harvest takes place at a much later date than with CL, as it takes time for
plantations to mature after planting. Hence, the present value of the timber yield is greatly
influenced by the discount rate applied.

•

The plantation alternative shows relatively high costs per $ of timber produced (especially in South
America). Since plantations support relatively few other ecosystem services directly on the
plantation area, their advantages could arise from land sparing and the resulting provision of
ecosystem services by these natural forests, particularly carbon sequestration.

b) Ecosystem services benefits
•

Timber yields under RIL in South East Asia are twice those in South America. Remarkably, the
share of quantifiable non-timber ecosystem services (carbon, wild food, other NTFPs and
watershed services) in the total benefits in both world regions differs less: around one fifth (Figure
4.1). The composition of this share varies greatly, however: carbon sequestration and NTFPs
dominate in South East Asia, while the various components are more evenly distributed in South
America.

7

Cost and benefits are always expressed as Present value (2010) per ha at 2010 price level
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South America 0 % discount rate (RIL)
Wild Food
1,075
7.9%

Timber yield
10,658
78.3%

Other
2,959
21.7%

Carbon
694
5.1%
other NTFPs
1,190
8.7%

South America 4 % discount rate (RIL)
Wild Food
415
5.6%

Timber yield
6,240
83.9%

Carbon
324
4.4%

Other
1,198
16.1%
other NTFPs
459
6.2%

SE Asia 0 % discount rate (RIL)
Carbon
2,973
11.7%

Timber yield
20,576
81.2%

Other
4,771
18.8%
Wild Food
45
0.2%

SE Asia 4 % discount rate (RIL)

Timber yield
11,292
84.4%

other NTFPs
1,753
6.9%

Carbon
1,391
10.4%

Other
2,084
15.6%
Wild Food
17
0.1%

other NTFPs
676
5.1%

Figure 4.1 Share of the benefits from different ecosystem services for South America and Southeast
Asia, at 0 and 4% discount rates. Values in 2010 US dollars and their share in percentages.
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• In South East Asia, rattan is an important forest product, while wild food is much less important
than is the case in South America. Moreover, there are some figures for Malaysia on the impact of
forest management on sediment loads at hydro-electrical plants, making a modest contribution to
the quantifiable benefits of ecosystem services there (see Annex 3, not represented in the figures
above).
• On plantations in South America, carbon stock, wild food and other NTFPs take a more or less equal
share in monetary terms. Under RIL, the relative share of carbon storage is considerably smaller
than the share of the other NTFPs (and in CL it is by definition zero, as this management regime is
taken as the baseline). For further details see Annex 3.
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Costs and benefits per ha
(US$ 2010)
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10,000
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other NTFPs
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Timber yield
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2,000

Direct costs of
certification

0
-2,000

CL

RIL

Plantation (CL value)

Costs

-4,000
Figure 4.2

Quantifiable costs and benefits, South America, 0% discount rate (present value

US$/ha, 2010 price level).
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other NTFPs

6,000
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Direct costs of
certification

0
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Plantation (CL value)

Costs

-4,000
Figure 4.3

Quantifiable costs and benefits, South America, 4% discount rate (present value

US$/ha, 2010 price level).
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40,000

Costs and benefits per ha
(US$ 2010)

35,000

Carbon

30,000

Watershed services

25,000

Wild Food

20,000

other NTFPs

15,000

Timber yield

10,000
5,000
0
CL

-5,000
Figure 4.4

RIL

Plantation (CL value)

Direct costs of
certification
Costs

Quantifiable costs and benefits, South Eeast Asia, 0% discount rate (present value

US$/ha, 2010 price level).
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Timber yield

10,000
5,000
0
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-5,000
Figure 4.5

RIL

Plantation (CL value)

Direct costs of
certification
Costs

Quantifiable costs and benefits, South East Asia, 4% discount rate (present value

US$/ha, 2010 price level).
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Figure 4.6

RIL

Plantation (CL value)

All quantifiable benefits from ecosystem services minus costs, South America, 0%

discount rate (present value US$/ha, 2010 price level).
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14,000

NPV per ha (2010 US$)

12,000
10,000
8,000
6,000
4,000
2,000
0
CL
Figure 4.7

RIL

Plantation (CL value)

All quantifiable benefits from ecosystem services minus costs, South America, 4%

discount rate (present value US$/ha, 2010 price level).
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NPV per ha (2010 US$)
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25,000
20,000
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5,000
0
CL
Figure 4.8

RIL

Plantation (CL value)

All quantifiable benefits from ecosystem services minus costs, South East Asia, 0%

discount rate (present value US$/ha, 2010 price level).
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Figure 4.9

RIL

Plantation (CL value)

All quantifiable benefits from ecosystem services minus costs, South East Asia, 4%

discount rate (present value US$/ha, 2010 price level).
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4.2

Qualitative assessment

As explained in the previous chapter, not all of the (potential) benefits of ecosystem services could be
expressed in monetary terms, either because they are difficult to quantify (e.g. hydrological effects) or
because they are too much dependent on location and specific local conditions (e.g. eco-tourism
potential). Generalised statements for huge regions like South America or South East Asia then
become meaningless. In most cases, the impossibility of putting a general dollar value on these
services stems from both reasons. This does not mean that the impacts of different types of forest
management are of no importance: locally, they can be of the utmost importance, but they may differ
for different stakeholders. Their value is therefore indicative of their potential, and whether the values
can indeed be realised must be judged for each specific case.
Evaluating the impact of the three forest management regimes therefore requires a broader
perspective. Hence, a qualitative assessment was carried out of a number of these impacts, in terms
of both potentials and the importance to the various stakeholders. This was done by the first author in
cooperation with colleagues with many years of experience of working in tropical forests, and
combined with a review of the available literature.
Table 4.1 should be read as follows.
Delivery potentials (first four columns):
-1

= reduced services;

0

= no potential and;

1-4

= low to high potential.

Importance:
0

= unimportant,

+ to +++ = low to high importance

Table 4.1
Potential of management systems to provide services, and importance of these services for different
stakeholders.
Ecosystem

Delivery potential

Non forestry

Local government

Large company

4

+++

+

++

+++ +++ ++

Carbon stocks

4

3

3

2

+

+

+

0

+

Wild food

4

3

2

0

+++

+++ +

0

NTFP

4

3

2

0

+++

+++ ++

Quality of drinking water

4

2

2

Hydrological functions

4

3

Water retention

4

+

X

+++ ++

++

X

0

+

0

0

0

0

0

+

0

0

0

-1 +++

+++ +++ +

+

++

0

0

0

3

1

+

+

+

++

0

0

0

3

3

2

+++

+++ ++

+

+

++

0

0

0

Soil properties incl. erosion 4

3

2

1

++

++

+++ +

+

++

0

0

0

Flood prevention

4

3

3

1

++

++

+++ +

+

+++ 0

0

0

Biodiversity

4

3

3

0

++

++

0

0

0

0

++

0

X

Indigenous culture

4

3

2

-1 +++

0

0

+

0

0

X

+++ +

+++ ++

0
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Forest

3

International

Plantation

3

community
Dutch consumers

CL

1

International

SFM

Timber production

workers

Natural
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National government

Local com-

Community forestry
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This allows the following conclusions.
•

The delivery potential of all ecosystem services (except timber production) is highest for natural,
pristine forest and lower when timber is harvested. This drop in the provision of these services is
greatest under plantation, less under CL and least under SFM (= RIL). Compare the first three
columns of Table 4.1.

•

The effect of plantation very much depends on local circumstances. In general, the potential of
forest plantations to deliver ecosystem services is considered to be lower than for natural forests,
but plantation development on degraded lands may be a very important source of ecosystem
services like erosion prevention and carbon storage. Species selection is then very important to
prevent additional negative effects.

•

These observations concerning the provision of ecosystem services are of great importance to the
local community (with the exception of carbon sequestration), including the locally employed
forest workers. For the national government, it is especially the flood prevention function and
the carbon storage function that are highly important. For more information see the scores on the
left-hand side of Table 4.1.

•

As expected, timber production (in terms of volume) is highest on plantations. This obviously
matters most to the forestry sector (from the workers up to the large companies themselves) and
to the local and national governments (local and export earnings).

•

Future primary research should give more attention to the impact of forest management regimes
on drinking water quality and the effects on indigenous culture. These impacts on the local
community can be severe, but are difficult to quantify. In the case of plantations, these functions
are even at risk of being degraded. The same goes, to a slightly lesser degree, for the potentials
for hunting, fishing & forest products and for biodiversity.

•

International conventions address issues such as timber production and carbon stock (which
are moderately influenced by forest management regimes) and biodiversity and indigenous culture
(which can be greatly influenced by management regimes).
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Justification

This study was commissioned and supervised by Mark van Oorschot of PBL Netherlands Environmental
Assessment Agency. The results from this report will be used as input for the TEEB (The Economics of
Ecosystems and Biodiversity) Netherlands report on product chains, which will be prepared by PBL
Netherlands Environmental Assessment Agency. This TEEB NL report will focus on ecosystem services
and biodiversity aspects of Dutch import of tropical timber, soy, palm oil and cacao.
The approach and results have been discussed in a number of meetings with PBL, meetings with policy
advisors of the Ministries of Economic Affairs and Foreign Affairs and researchers working on similar
analyses of the other product chains (soy, palm oil and cacao). Mark van Oorschot and a number of
his colleagues of PBL have provided feedback on earlier drafts of this report. Their comments have
been considered and incorporated as much as possible in this final report.
The authors wish to thank everyone for their constructive contribution to this report.
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Annex 1

List of acronyms

AAC

= Annual Allowable Cut

CL

= Conventional (selective) Logging

CoC

= Chain of Custody

COP

= Conference Of the Parties

DBH

= Diameter at Breast Height

ES

= Ecosystem Services

FLEGT

= Forest Law Enforcement Governance and Trade

FMU

= Forest Management Unit

FSC

= Forest Stewardship Council

IDH

= Initiatief Duurzame Handel – The Sustainable Trade Initiative

ITTO

= International Tropical Timber Organisation

LULUCF

= Land Use, Land-Use Change and Forestry

MTCS

= Malaysian Timber Certification Scheme

NTPFs

= Non-Timber Forest Products

NPV

= Net Present Value

PEFC

= Programme for the Endorsement of Forest Certification

REDD

= Reducing Emissions from Deforestation and forest Degradation

REDD+

= Reducing Emissions from Deforestation and forest Degradation and conservation,
sustainable management of forests, and enhancement of forest carbon stocks

RIL

= Reduced Impact Logging

SCBA

= Social Cost Benefit Analysis

SFM

= Sustainable Forest Management

TEEB

= The Economics of Ecosystems and Biodiversity

UNFCCC = United Nations Framework Convention on Climate Change
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Annex 2

Pilot Social Cost-Benefit
Analysis (SCBA)

We implemented a pilot SCBA based on Healey et al. (2000). They assessed the price that should be
paid to make benefits from RIL comparable to CL (Table A.2.1). Based on field data from forests
logged with CL and RIL and modelled future yields they compared the cost and benefits of timber
production, non-timber forest products (rattan and wildlife for meat), loss of forest productivity due to
soil damage and loss in net revenue from hydroelectricity resulting from increased sediment
concentrations in water.
Healey et al. (2000) assessed the cost and benefits on three different bases; 1) per representative
hectare, 2) per logged hectare, and 3) per m3 of timber. As a consequence of the restrictions that RIL
puts on the terrain where logging is allowed (like steep slopes cannot be harvested) and other specific
effectively only 52% of the total management unit area was actually affected by logging using RIL. In
the area logged according CL 99.4% of the area was logged. The representative ha would be made up
for 56% of forest that is affected, while 44% is not affected. The logged ha would represent an area
that is completely affected.
To be able to include and also compare the cost and benefits for the other services in our SCBA, we
used the data calculated per logged ha. Because the timber yields (m3 ha-1) were not the same
between the two logging types it will be more difficult to translate the result per m3 timber.
Timber
The restrictions set by RIL also resulted in lower timber yields during the first harvest. Because RIL
results in less damage to the residual forest stand, after one felling cycle (60 years in this forest) the
commercial volume of the stand was projected to be at the same level again as before logging, while
the commercial volume in the forest logged with CL was still much lower. As a result the harvested
volume at the second harvest was higher for RIL than CL. Revenues during the first harvest were
calculated from measured timber yields and current prices, while revenues for the second harvest at
t=60 was based on projected volumes and a 2% real price increase per annum (Healey et al., 2000).
Cost of the two logging types were based on Tay (1999). See Table A2.1 for results. This includes
different cost that are associated with use of heavy machinery, maintenance, fuel, tires, but also
concession fees, log royalties, and timber right. The cost, however, also include the cost of labour.
These are cost for the logging company, but it at the same time generates income to local people
working for the logging company, i.e. indirect benefits, that now not has been considered in the costbenefit analysis. Eventually this could be taken into consideration using data on labour time and cost
involved in the different stages of logging from other sources (e.g. Van der Hout (1999) has detailed
information on labour costing in RIL and CL).
Non-timber forest products
Rattan was used as example of a high value NTFP that is harvested in the logged forest. Based on
post-logging inventories and published data on rattan growth rates Healey et al., 2000) found that CL
resulted in a greater reduction in rattan abundance compared to natural forests than RIL on a
representative ha, which was especially the case for the more valuable large-cane species. The net
difference per logged ha was, however much lower (see Table A2.1).
Carbon
Healey et al. (2000) found significant positive effects of RIL and CL on carbon sequestration rates. The
carbon fixation rate under CL was estimated to be slightly but consistently higher by 0.1 t ha-1 than
under RIL. However, because of the smaller initial impact of logging, by the time of the second harvest
(after 60 years) the standing stocks under RIL had completely recovered, while that of CL was only at
82% of natural forests (Healey et al., 2000).
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Healey et al. (2000), however did not calculate the value of carbon stocks, as at the time of the study
the carbon market was still developing (and still is). The estimated that the price per ton of carbon
should be around 10 US$ per ha to bridge the gap between cost and benefits of RIL compared to CL.

Table A2.1
SCBA results for the comparison of conventional selective logging (CL), with reduced impact logging
(RIL); (based on Healey et al. (2000), per logged hectare. Undiscounted economic benefits and cost
(US$); over two cutting cycles (60 years)).
Effect

RIL
Physical

CL
Financial

Physical

US$ ha-1

Financial
US$ ha-1

Benefits
Direct effects
Timber

Timber yield per logged ha was 106
m3 at 1st (real) harvest and 111 m3 at
2nd (projected) harvest after 60 years
resulting in a total yield of 217 m3 ha1
, but value per m3 in 60 years is
much higher than current value which
relatively stronger increases the
benefits of higher yields after 60
years.

18,315

NTFP’s (rattan)

The abundance of rattan after RIL was -1,027
reduced compared to natural forest.
This is mainly the result of logging
damage. The net benefits of rattan
harvesting was 1,027 US$ per ha
lower compared to natural forest. The
abundance of rattan after RIL was
reduced compared to natural forest.
This is mainly the result of logging
damage. Rattan prices and
harvesting cost were based on local
data.

Wild Food (meat
from wildlife)

Value for meat from wildlife was
-17.25
based on density of ungulate species
in the forest in combination with value
of ungulate species as a source of
local meat. For natural forests the net
revenues were estimated at 211 US$
ha-1. Because logging of tropical forest
does not dramatically reduce ungulate
densities this value for RIL was only
17 US$ ha-1 lower than in natural
forest, while and 26 US$ ha-1 lower for
CL

Other final
products

-

-

Carbon

Estimated to compensate difference
between RIL and CL

No value

Fuel wood

-

-

The operational cost of planning,

12,139

Timber yield per
13,783
logged ha was 136
m3 at 1st (real)
harvest and 85 m3 at
2nd (projected)
harvest after 60
years resulting in a
total yield of 221 m3
ha-1.
The abundance of
-1,034.5
rattan after RIL was
reduced compared to
natural forest. This is
mainly the result of
logging damage. The
net benefits of rattan
harvesting was
1,034.5 US$ per ha
lower compared to
natural forest
(therefore using a
negative value).
-26.75

-

No value

-

-

Cost
Direct effects
Timber
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7,641

Effect

RIL

CL

Physical

Financial

Physical

US$ ha-1

Financial
US$ ha-1

logging and log royalties. These cost
are greater for RIL than CL due to
greater cost in planning and forest
operations.
NTFP’s (rattan)

Cost for harvesting rattan. Not
445.25
included in these cost is the fact that
accessibility of forest under CL is
probably better, which will reduce cost
of collection.

448.50

Wild food (meat
from wildlife)

Cost for hunting.

13.5

15.5

Carbon Stocks
Carbon
Sequestration
Hydrological
functions

For this aspect the study calculated
127.75
the impact of eroded soil from logged
forest on downstream sediment
concentrations. The cost as a result of
this sedimentation were cost involved
with the removal of sediment from
sediment ponds used to protect
hydroelectricity generating stations.
Greatest part of the cost is caused by
loss of electricity when water diverted
to drain the ponds and remove the
sediment.
Soil erosion and subsequent sediment
yields as a result of CL and RIL were
estimated based on other studies. RIL
was estimated to produce 57% lower
mass of sediment than CL, resulting in
smaller loss of revenues.

312.75

Loss of forest productivity resulting
445
from soil damage and compaction was
estimated as a separate erosion
effect. Soil damage and compaction
are strongly concentrated in the skid
trails, landing sites and roads and
prevents trees reaching harvestable
size by the 2nd harvest. The cost value
was estimated as the loss of timber at
the next harvest in these areas that
are ‘permanently’ removed from
production. RIL converted 8% of the
soil to bare area while for CL this was
twice as high (17%) .

1,024

Indirect Effects
Soil properties
incl. Erosion

In this analysis the total net benefit of CL is slightly higher than for RIL. However, still a number of
services are missing from this overview. Also, like already mentioned before, some of the cost now
incurred by the logging company (like labour cost) are in reality again benefits (generates
income/employment) for other stakeholders in the chain. These effects are not yet considered and will
be incorporated in the next steps of this research.
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Annex 3

Numerical results

Table A3.1
Costs and Benefits, South America, Present Value (US$/ha, 2010 prices), 0% discount rate.
Discount rate

0.00%

NOTE: The relative area of plantation needed to match
timber value with the timber value of CL increases with
increasing discount rate.

Region

South

This is because future benefits from timber are higher in

America
Time horizon

plantations, but these are discounted more strongly

60
Alternatives

Benefits

CL

RIL

Percentage

Plantation

Plantation

Plantation

(CL value)

(volume)

(SFM value)

11.2%

8.7%

12.4%
9,711

plantation
Timber

9,586

10,658

8,734

6,759

-

-

852

659

947

Timber yield

9,586

10,658

9,586

7,418

10,658

Other NTFPs

974

1,190

1,270

1,306

1,252

Wild Food

879

1,075

1,147

1,180

1,131

-

694

1,883

1,883

1,883

Chiplogs

Carbon
Watershed services
Total benefits ESS

1,853

2,959

4,300

4,369

4,266

Total benefits

9,586

10,658

9,586

7,418

10,658

11,438

13,617

13,885

11,787

14,924

1,809

1,400

2,012

21

1

1

1

10,859

12,951

12,075

10,386

12,911

9,006

9,992

7,775

6,018

8,645

Timber

17

16

5

5

5

Carbon

-

1

1

1

1

3

3

1

2

1

20

20

8

8

7

timber
Total benefits
Costs
Timber

579

645

Pre harvest

17

131

Harvest planning

12

32

Infrastructure

88

37

463

446

Harvest operation
Direct costs
certification
Total benefits
ESS - costs
Timber benefits costs
Benefit - cost
ratio

Other ESS
Total

Table A3.2
Costs and Benefits, South America, Present Value (US$/ha, 2010 prices), 4% discount rate.
Discount rate

4.00%

NOTE: The relative area of plantation needed to match
timber value with the timber value of CL increases with
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increasing discount rate.
Region

South

This is because future benefits from timber are higher in

America
Time horizon

plantations, but these are discounted more strongly

60
Alternatives

Benefits

CL

RIL

Percentage plantation
Timber

Plantation (CL

Plantation

Plantation

value)

(volume)

(SFM value)

22.38%

8.7%

23.76%

5,878

6,240

5,337

2,064

5,666

-

-

541

209

574

Timber yield

5,578

6,240

5,878

2,273

6,240

Other NTFPs

377

459

428

504

420

Wild Food

340

415

386

455

380

-

324

891

891

891

Chiplogs

Carbon
Watershed services
Total benefits ESS

718

1,198

1,705

1,849

1,691

Total benefits timber

5,878

6,240

5,878

2,273

6,240

Total benefits

6,595

7,438

7,583

4,122

7,931

355

378

1,600

619

1,698

10

77

7

19

12

0

0

0

6,240

7,048

5,983

3,504

6,232

5,523

5,850

4,278

1,654

4,541

Timber

17

16

4

4

4

Carbon

-

1

1

1

1

2

2

1

2

0

19

19

5

7

5

Costs
Timber
Pre harvest
Harvest planning
Infrastructure
Harvest operation

54

21

284

261

Direct costs certification
Total benefits ESS costs
Timber benefits - costs
Benefit - cost ratio

Other ESS
Total
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Table A3.3
Costs and Benefits, SE Asia, Present Value (US$/ha, 2010 prices), 0% discount rate
Discount rate

0.00%

NOTE: The relative area of plantation needed to match
timber value with the timber value of CL increases with
increasing discount rate.

Region

SE Asia

This is because future benefits from timber are higher in
plantations, but these are discounted more strongly

Time Horizon

60
Alternatives

Benefits

CL

RIL

Percentage

Plantation (CL

Plantation

Plantation

value)

(volume)

(SFM value)

20.82%

24.5%

18.68%

21,634

25,429

19,410

plantation
Timber
Chiplogs

22,933

20,576

-

-

1,299

1,527

1,166

Timber yield

22,933

20,576

22,933

26,956

20,576

Other NTFPs

1,120

1,753

1,928

1,839

1,980

Wild Food

29

45

48

46

50

Carbon

-

2,973

10,702

10,702

10,702

Watershed services

-

214

415

313

337

1,149

4,985

13,093

12,900

13,069

22,933

20,576

22,933

26,956

20,576

24,082

25,560

36,026

39,856

33,645

3,049

3,647

3,143

3,695

2,820

63

375

159

2

2

2

21,754

32,880

36,159

30,823

19,787

23,259

17,754

Total benefits ESS
Total benefits
Timber
Total benefits
Costs
Timber
Pre harvest
Harvest planning
Infrastructure
Harvest operation

-

57

539

622

2,447

2,594

Direct costs
certification
Total benefits

21,033

ESS - costs
Timber benefits -

19,884

costs
Benefit - cost
ratio
Timber

8

5

7

7

7

Carbon

-

1

3

3

4

Other ESS

0

1

1

1

1

Total

8

7

11

11

12
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Table A3.4

Costs and Benefits, SE Asia, Present Value (US$/ha, 2010 prices), 4% discount rate
Discount rate

4.00%

NOTE: The relative area of plantation needed to match
timber value with the timber value of CL increases with
increasing discount rate.

Region

SE Asia

This is because future benefits from timber are higher in
plantations, but these are discounted more strongly

Time horizon

60
Alternatives

Benefits

CL

RIL

Percentage

Plantation (CL

Plantation

Plantation

value)

(volume)

(SFM value)

42.34%

24.5%

33.52%
10,628

plantation
Timber

14,261

11,292

13,423

7,758

-

-

838

484

663

Timber yield

14,261

11,292

14,261

8,242

11,292

Other NTFPs

434

676

541

709

624

11

17

14

18

16

Carbon

-

1,391

5,064

5,064

5,064

Watershed services

-

222

160

121

106

Chiplogs

Wild Food

Total benefits ESS

445

2,306

5,778

5,911

5,810

14,261

11,292

14,261

8,242

11,292

14,706

13,598

20,039

14,153

17,101

1,896

2,001

2,639

1,525

2,089

39

206

Total benefits
timber
Total benefits
Costs
Timber
Pre harvest
Harvest planning

-

31

335

341

1,522

1,423

-

87

1

1

1

12,810

11,509

17,400

12,628

15,011

12,365

9,203

11,621

6,716

9,201

Timber

8

5

5

5

5

Carbon

-

1

2

3

2

Other ESS

0

0

0

1

0

Total

8

7

8

9

8

Infrastructure
Harvest operation
Direct costs
certification
Total benefits
ESS - costs
Timber benefits costs
Benefit - cost
ratio

54 |

WOt-technical report 10

Annex 4

Data base logging-related
damage to the remaining forest
(RIL and CL)

Location

Logging
method

Region

Malaysia

CL

Malaysia

Harvest
intensity

Harvest
intensity
extent

Damage

Damage extent

Reference

SEA

40

% of total volume

RIL

SEA

30

% of total volume

Indonesia

CL

SEA

107.2

48.4

Indonesia

RIL

SEA

96.8

Malaysia

CL

SEA

40-60

m3/ha (10.1
trees/ha) or
17.7m2/ha BA
m3/ha (10.7
trees/ha or
17.5m2/ha BA)
m3/ha

75

% of residual stand
(23.2% dead and
25.2% injured)
% of residual stand
(17.6 dead and 19.2
injured)
% of residual stand

Ahmad et al.,
1999 in FAO
2004 FAO
2004
Ahmad et al.,
1999 in FAO
2004
Bertault & Sist
1997

Papua New
Guinea

CL

SEA

23

m3/ha

67

% of residual stand

Buenaflor 1989
in FAO 2004

Papua New
Guinea

RIL

SEA

32

m3/ha

22

% of residual stand

Buenaflor 1989
in FAO 2004

Suriname

CL

Br

30

m3/ha

26.4

% of residual stand

Suriname

RIL

Br

9

7.3

% of residual stand

Papua New
Guinea

CL

SEA

64-67

m3/ha (5-8
trees/ha)
trees/ha

60

% of residual stand

De Graaf et
al., 1999
De Graaf et
al., 1999
Enright 1978
in FAO 2004

Indonesia

CL

SEA

45

% of residual stand

FAO 1997

Indonesia

RIL

SEA

25

% of residual stand

FAO 1997

Brazil

CL

Br

73

51.5

% of FCTs

FAO 1997

Brazil

RIL

Br

33

22.2

% of FCTs

FAO 1997

Malaysia

CL

SEA

89

% of original
stand
% of original
stand
m3/ha

66.4

Fox 1968 in
FAO 2004

Malaysia

CL

SEA

52-120

m3/ha

62

% of residual
population
(28.2FCTs/42.5FCTs)
% of original stand

Malaysia

CL

SEA

20

% of original
stand

66

Guyana

RIL

Br

15

m3/ha (5
trees/ha)

19.4

Malaysia

CL

SEA

18

trees/ha
(24m2/ha BA)

47.6

Papua New
Guinea

CL

SEA

30

m3/ha (5-8
trees/ha)

34

Kilkki, 1992 in
FAO 2004

Malaysia

CL

SEA

120

m3/ha

56

% of residual stand
(229 out of 673 trees
or 17% of total
volume)
% of residual stand

Malaysia

RIL

SEA

120

m3/ha

29

% of residual stand

Malaysia

CL

SEA

116.5

m3/ha (11.6
trees/ha)

53

% of residual stand

30.5

Bertault & Sist
1997
Bruenig 1996
in FAO 2004

Grieser-Johns
1996
% of all stems >10cm
Hutchison,
dbh
1987 in FAO
2004
% of original stand (3.5 Inglis et al.,
trees/tree felled)
1997 in FAO
2004
% of original stand
Johns, 1988 in
destroyed
FAO 2004

Moura-Costa,
1997 in FAO
2004
Moura-Costa,
1997 in FAO
2004
Nicholson,
1958 in FAO
2004
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Location

Logging
method

Region

Harvest
intensity

Damage

Damage extent

Reference

154

Harvest
intensity
extent
m3/ha

Malaysia

CL

SEA

70

% of residual stand.
RIL: 50% less damage
compared to CL

Pinard et al.,
1995

Malaysia

RIL

SEA

104

m3/ha

40

% of residual stand.
RIL: 50% less damage
compared to CL

Pinard et al.,
1995

Malaysia

CL

SEA

90-173

m3/ha

59

% of residual trees
>60cm dbh

Pinard et al.,
20001

Malaysia

RIL

SEA

87-175

m3/ha

29

% of residual trees
>60cm dbh

Pinard et al.,
20001

Malaysia

CL

SEA

44.5

m3/ha

54

% of residual stand

Richter 2001

3

Malaysia

RIL

SEA

27.8

m /ha

28

% of residual stand

Richter 2001

Indonesia

CL

SEA

80

m3/ha

48.8

% of residual stand

Indonesia

RIL

SEA

80

m3/ha

30.5

% of residual stand

Brazil

RIL

Br

21.3

20.6

% of original stand
(16.1% destroyed)

Indonesia

CL

SEA

107.2

48.5

% of original stand

Sist et al.,
1998

Indonesia

RIL

SEA

56.6

26.9

% of original stand

Sist et al.,
1998

Indonesia

RIL

SEA

60

14.5

% of original stand (36
trees/ha)

Sist et al.,
2003

Indonesia

CL

SEA

83

24.7

% of original stand (60
trees/ha)

Sist et al.,
2003

SEAsia

CL

SEA

80-100

50

% of original stand

South
America
Malaysia

CL

Br

30-50

35

% of original stand

CL

SEA

136

m3/ha (6.3
trees/ha)
(3.4m3/tree)
m3/ha (10.1
trees/ha) or
17.7m2/ha BA
m3/ha (7
trees/ha) or
11.4m2/ha BA
m3/ha (7.5
trees/ha) (3.8
m2/ha)
m3/ha (7.6
trees/ha) (5.4
m2/ha)
m3/ha (8
trees/ha)
m3/ha (5-6
trees/ha)
m3/ha

Sist & Bertault
1998 in FAO
2004
Sist & Bertault
1998 in FAO
2004
Sist & Ferreira
2007

60

% of residual stand

Sist, 2000 in
FAO 2004
Sist, 2000 in
FAO 2004
Tay 1999

Malaysia

RIL

SEA

106

m3/ha

30

% of residual stand

Tay 1999

Guyana

CL

Br

8

trees/ha

15

% of residual stand

Guyana

CL

Br

16

trees/ha

33

Guyana

RIL

Br

8

trees/ha

11

Guyana

RIL

Br

16

trees/ha

22

Indonesia

CL

SEA

10

trees/ha

38

Malaysia

CL

SEA

90

m3/ha

66

1): Calculated based on information in the paper and assuming 1m2 BA =
used.
SEA: South East Asia; Br: Brazil
BA: Basal Area
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Van der Hout
1999
% of residual stand
Van der Hout
1999
% of residual stand
Van der Hout
1999
% of residual stand
Van der Hout
1999
% of canopy removed
Van Gardingen
et al., 1998 in
FAO 2004
% of residual stand
Yeom, 1984 in
FAO 2004
5 m3 (initial stand: 125 m3/ha) and lower limits
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(University & Research centre). Its mission is ‘To explore the potential of nature to improve the
quality of life’. Within Wageningen UR, nine specialised research institutes of the DLO
Foundation have joined forces with Wageningen University to help answer the most important
questions in the domain of healthy food and living environment. With approximately 30
locations, 6,000 members of staff and 9,000 students, Wageningen UR is one of the leading
organisations in its domain worldwide. The integral approach to problems and the cooperation
between the various disciplines are at the heart of the unique Wageningen Approach.
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