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ABSTRACT

Carbon sequestration through forestry has the potential to play a
significant role in aneliorating global environmental problens such as
at nospheric accurmul ation of GHG s and climte change. This chapter provides
an overview of various aspects related to carbon sequestration through
forestry. It describes the main concepts of carbon fixation; the trends in
gl obal environnental policy are discussed; different forestry practices are
|isted; exanples of existing projects are given; and finally, a case study
of a carbon sequestration project in Ml aysia is described. The paper also
di scusses issues related to the quantification of carbon sequestration
potential of different forestry options. This section was included with the
intention of specifically highlighting some problens related to commerci al
transacti ons for carbon sequestration

Key words: carbon sequestration, CO, offset, tropi cal forestry,
di pt erocar ps.

| NTRODUCTI ON

Concern about rising atnospheric concentrations of greenhouse gases [Wgl ey
1993] has pronpted the search for nethods of sequestering carbon in plant
bi omass. Due to cost effectiveness, high potential rates of carbon uptake,
and associated environnental and social benefits, nmuch attention has
focused on pronmoting tropical forestry for offsetting carbon enissions
[e.g. I PCC 1992].

This chapter has been witten to provide an overview of various aspects
related to carbon sequestration through forestry. It describes the nain
concepts of carbon fixation; the trends in global environnmental policy are
di scussed; different forestry practices are |isted; exanples of existing
projects are given; and finally, a case study of a carbon sequestration
project in Malaysia is described. The paper also discusses issues related
to the quantification of carbon sequestration potential of different
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forestry options. This section was included with the intention of
specifically highlighting some problens related to commercial transactions
for carbon sequestration. Although the concepts and ideas are generic and
applicable to any forest type or part of the world, this chapter
specifically addresses the issues related to dipterocarp rainforests in the
Sout h East Asia region.

BASI C CONCEPTS: BI OVASS AND CARBON

Car bon sequestration through forestry is based on two prenises. First, that

carbon dioxide is an atnospheric gas that circulates globally;
consequently, efforts to renobve greenhouse gases (GHGs) from the
atnosphere will be equally effective whether they are based next door to

the source or across the globe. Second, green plants take carbon dioxide
gas out of the atnosphere in the process of photosynthesis and use it to
make sugars and other organic conpounds used for growh and netabolism
Long-lived woody plants store carbon in their wood and other tissues until
they die and deconpose at which tine the carbon in their wood nay be
rel eased to the atnosphere as carbon dioxide, carbon nonoxi de or nethane

or it nay be incorporated into the soil as organic matter [Anderson and
Spencer 1991].

Plant tissues vary in their carbon content. Stens and fruits have nore
carbon per gram than do | eaves, but because plants generally have sone
carbon-rich tissues and sone carbon-poor tissues, an average concentration
of 45-50 % carbon is generally accepted [Chan 1982]. Therefore, the anount
of carbon stored in trees in a forest can be calculated if you know the
amount of biomass or living plant tissue in the forest and apply a
conversion factor.

When considering carbon storage, not all forests are equal. Generally,
| onger-1lived, higher density trees store nore carbon than short-lived, |ow
density, fast-growing trees. This does not nean that carbon offsets which
i nvol ve big, slowgrowing trees are necessarily better than those involving
pl antations of fast-growing trees. Wat it does nean is that it is
important to tal k about various offset options with a tine scale specified
and deci de whether the objective is to store carbon, prevent further carbon
di oxi de em ssions or to actively renove carbon di oxide fromthe atnosphere.

| NDUSTRY, FORESTRY AND THE CLI MATE CHANGE CONVENTI ON
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The signing by 153 nations at the 1992 UNCED Earth Summt of the Framework
Convention on Climate Change [Grubb et al. 1993] is evidence of intent to
restrain the build-up of GHGs in the atnosphere. The nopbst inportant of
these gases by weight is carbon dioxide [IPCC 1992], which is released
principally by the conbustion of fossil fuels, particularly coal and oil,
by the burning or decay of vegetation and by flux with oceans. Al though the
| oss and degradation of tropical forests probably contribute only about 30%
of total net CO, em ssions [Houghton et al. 1992], these habitats represent
one of the nost productive long-term carbon sinks. The central need to

achieve a reduction in CO, levels is for reduction in fossil fuel
consunption, which directly affects the industrial sector. Wile changes in
nati onal taxation and regulatory frameworks will be the nmain tools for

change, another option is to allow the industry to "offset" sone of their
CO, emissions by funding inprovenents in tropical forest managenent that
sequester an equivalent weight of carbon from the atnmobsphere [Jones and
Stuart 1994, Rose and Tietenberg 1993, Pachauri and Soni 1994].

Al though there are not any regulations yet forcing any country to offset
their carbon emi ssions, there are energi ng nechani sns which al ready provide
enough incentive for conpanies to initiate carbon offset programs. The npst
advanced is the Section 1605-b of the US Energy Policy Act, which allows
conpanies to register their voluntary activities related to GHG s
mtigation in anticipation to an expected environnmental tax |egislation
[ Enbree 1994, Jones and Stuart 1994]. The industrial sector which has been
nost actively involved in this initial stage of commercial carbon offset is
the power generation industry. Electric power generation with its heavy
reliance on coal, which is about 50-70 % carbon by weight, contributes
about 30% of total CO, emissions [Wrld Bank 1993] and in npbst countries
this sector consists of a few |arge conpani es. Many conpani es have prograns
for reducing em ssions based on fuel -switching, inprovenents in efficiency,
and electricity or energy conservation (denand side nmanagenent), while a
few are al ready supporting projects for carbon offset through forestry.

One of the first initiatives on carbon sequestration through forestry was
taken by Applied Energy Systens (AES), a US-based electrical power
producer, in order to mtigate the CO, emi ssions of a new power plant in
the US. Since 1990, AES has been partially funding a comunity-based
agroforestry project in Guatenala together with CARE, an international
devel opnent and relief organization [Faeth et al. 1994]. Because of the
encouraging results of this project, AES commissioned the Wrld Resource
Institute (Washington DC) to search for other project possibilities to
expand their carbon sequestration programme, and the nost promsing
proposals are listed in the report conpiled by Faeth et al. [1994]. One of
the | argest ongoi ng carbon offset programes is the one created by the Face
3



(Forests Absorbing Carbon-di oxi de Eni ssions) Foundation of the Netherl ands,
an organi zation set up by the Dutch Electricity Generating Board. Since
1992, Face initiated a series of projects in different countries in order
to establish 150,000 ha of forests throughout the world, which was
calculated as the area required to sequester a volune of CO, equivalent to
the em ssions of a nedium size coal -burning power station during its life
time [Dijk et al. 1994, Verweij 1994]. Another initiative with great
potential was initiated by the New Engl and Power Conpany of Boston (USA),
which is funding a pilot project to introduce reduced inpact |ogging
techni ques to prevent the unnecessary deconposition of trees danaged during
harvest operations and therefore CO, emi ssions from deconposing bionass
[ Marsh 1992, 1993; Putz and Pinard 1993]. O her smaller carbon
sequestration projects undertaken in Russia and the USA are described in
D xon et al. [1993a].

Carbon offsets in tropical forests by reduced carbon |oss or by increased
carbon sequestration, as in reduced inpact logging or reforestation
prograns, are splendid exanples of global sharing of the financial burden
of conservation. From a climte-change perspective this is emnently
reasonabl e because CO, and other heat-trapping gases circulate globally
From a political perspective carbon offset prograns shoul d be acceptable in
the tropics and el sewhere because they provide a mechanism for notivating
the wealthy countries of the world to pay for a benefit of forest
conservation that transcends national borders. It pronotes the transfer of
funds from industrialised countries to tropical countries as a comerci al
transaction, as opposed to charity [Marsh 1992].

It rmust be nmentioned here that forestry will never be a solution for al
the environmental problens related to the accumulation of GHGs in the
at nosphere. As pointed out by many countries during the Earth Sumit,
polluters should also attenpt to reduce their emssions [Gubb et al
1993]. However, there are enough areas under forest l|land or deforested
that, if properly nanaged, could sequester up to 15 % of global enissions
of carbon dioxide and other GHG s [IPCC 1992]. The acknow edgenment of this
idea may play a central role in inmproving the health and productivity of
forests around the world.

Criteria for defining carbon of fset

The need of industries to mtigate their carbon dioxide enissions is
creating the business of carbon offsets through forestry. It is inportant,
therefore, to define what exactly constitutes a true carbon offset.
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What is carbon offset ? In this report it is defined as the result of any
action specifically taken to renove from and/or prevent the release of
carbon dioxide into the atnobsphere in order to balance enissions taking
pl ace el sewhere. However, in the context of forestry and conservation
practices, it should be recognised that not all forest areas can be
considered as generating offsets. For exanple, existing national parks may
not be considered to generate carbon offsets; these forests were already in
exi stence when the concept of carbon sequestration arose. Therefore, sinply
renam ng them as "carbon offsets" does not involve any active renoval of
CO, from the atnmosphere. On the other hand, the establishment of new
forests with the primary objective of carbon sequestration would not occur
"but for" a deliberate intention. This may then be rightly considered as
of fsets. The idea is that "but for" our deliberate intervention in an area
or its forestry practices such an offset would not occur. In a nunber of
cases, it may be necessary to analyze previous historical patterns to
identify exactly how intervention has pronoted a change in ongoi ng trends.

Another criterium for defining a true carbon offset 1is that of
additionality, which determnes that offset projects should incur an
increnental cost in conparison to straight forestry activities [Mendis and
Gowen 1994]. If the increnental cost criteria is not adopted, investors
woul d adopt for projects with the highest returns on investnent, taking the
| east cost options first while leaving the higher cost options for the
devel opi ng countries. Furthernmore, these projects would not pass the "but
for" test described above. One way to circunvent this distortion of the
spirit of carbon offset is to only acknowl edge projects in which the
i nvesting partner has no participation in the returns fromthe forest other
than in terms of <carbon quotas. This is the case of the projects
establ i shed by the Face Foundation [Verweij 1994] and the New Engl and Power
Conpany [ Marsh 1992].

FORESTRY OPTI ONS FOR CARBON SEQUESTRATI ON

Carbon fixation through forestry is a function of the anmount of bionass in
a given area. Therefore, any activity or nanagenment practice that changes
the anobunt of biomass in an area has an effect on its capacity to store or
sequester carbon. Forest nmnagenent practices can be used to reduce the
accunul ation of green house gases in the atnosphere through two different
approaches. One is by actively increasing the anount or rate of
accunul ation of carbon in the area. The second is by preventing or reducing
the rate of release of carbon already fixed.



Forestry approaches for pronoting carbon accunul ation

The nost obvious approach to achieve the fixation of carbon is to plant
trees. However, the effectiveness and feasibility of carbon sequestration
through forestry varies w dely depending on factors such as site, species
and nanagenent practices.

Large expanses of under-utilised, degraded or deforested land with a |ow
current value as carbon sinks which could be either afforested, reforested
or rehabilitated are available throughout the world [N lIsson and
Schopf hauser 1994]. The conbination of climatic conditions favourable for
tree growth, land availability and abundance of |abour force favours the
devel opnent of forestry schenmes in tropical countries as opposed to
tenperate countries. Nabuurs and Mohren [1993] conpared the rates of carbon
sequestration of 16 forest types under different nanagenent practices and
found that one of the nost effective systens is the nanagenent of
selectively logged rainforests. This is confirnmed by Freedman et al.
[1992], who estimated that an unrealistic amobunt of |and was necessary to
sequester a volune of carbon equivalent to the em ssions of a single power
pl ant through forestry in New Brunsw ck, Canada.

The choice of species has direct inplications to its potential for carbon
sequestration. Fast grow ng species accunulate higher anpunts of bionmass
than slow growers during the sane tinme period. However, their wood density
tends to be lower, and therefore contains |ess carbon than slow grow ng
hardwood trees (for wood density of dipterocarp tinbers see Burgess 1966].
Due to this difference in growh rates, wwod quality and growth
requirenents, different species require different nanagenent systens and
have different end uses. These factors are directly linked to the rate of
carbon accurmulation of the forest. The growh cycle or Ilength of the
rotation defines for how long carbon will be stored in standing trees. Slow
growing trees retain carbon for a long tinme during one growh cycle, while
repeated cycles of fast growing trees are required to maintain |evels of
stored carbon for an equivalent length of time. For this reason, when
planting fast growing trees, it is particularly inportant to consider the
post - harvest nmanagenent of the forest: whether to replant, nanage it for
natural regeneration, or to convert the forest land to other uses. The
final use of the tinber defines for how long carbon will remain stored in
the formof wood products. Construction materials and furniture potentially
retain carbon for a long period [Elliot 1985]; carbon in paper or fire-wood
have t he shortest post-harvest |ives [Dewar 1990].

Different systens of tree planting offer different advantages and
di sadvantages. Fast growing species tend to be planted as nono-specific
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i ntensive plantations. Mpnocultures are a very efficient way of pronoting
bi omass and carbon accunulation, and tend to be easier to manage than
nmul ti-species stands or natural forests [Evans 1992]. On the other hand
they have several pot enti al di sadvantages such as reduction of
bi odi versity; higher susceptibility to fire, pests and di seases; high water
usage, and increased erosion [Sawer 1993]. Furthernore, because little is
known about the growh requirenments of fast growing trees indigenous to
many tropical countries, plantations are frequently established using
exotic species, wth unknown consequences for the local fauna and flora
[ Sawyer 1993]. Conversely, nost slow growi ng hardwood species tend to be
planted in nixed stands. This is because nbst hardwoods are clinmax
vegetati on species and often require shading at the early stage of their
growm h cycle. Therefore, these species are better suited for enrichment
planting [see chapter by Appanah and Winland] or planting in the
understorey of nurse trees of different species. This is the case for nost
climax tree species, including the dipterocarps [Appanah and Winland
1993]. One advantage of enrichment planting is that it has a |ower inpact
on the existing environnent, since the changes to the structure and
ecosystem of the original forest are only subtly changed [Lanprecht 1989].
However, the higher conplexity of these systens makes it nore difficult to
manage, which has led to poorer success rates than have often been obtained
in nonoculture tree plantations [Tang and Chew 1980]. Since a considerable
amount of carbon is already fixed in the secondary forests subjected to
enrichment planting, the potential increase in the total carbon sink using
this systemis |Iower than that achi eved t hrough reforestation of bare |and.

In areas where land use is prinarily allocated to agriculture or grazing,
the introduction of agroforestry practices could be a good way to pronote
carbon sequestration [Dixon et al. 1993b]. The introduction of trees in
agricultural or pasture |ands often has a series of beneficial effects such
as crop diversification, risk reduction, better use of existing resources,
erosion control, water <catchnent protection and fire-wood production
[ Lanprecht 1989].

There are already various projects and organizations using tree planting
with the primary objective of carbon sequestration. One of the first
initiatives on carbon sequestration through forestry was the CARE-Guatenal a
conmuni ty- based agroforestry project partially funded by the Applied Energy
Systens (AES), a US-based electrical power producer [Faeth et al. 1994].
Simlarly, the Face Foundation of the Netherlands is conducting a series of
forestry projects for carbon sequestration projects throughout the world

The projects funded by Face use different systens: enrichment planting of
| ogged rainforests with the dipterocarp species in Mlaysia [Mura-Costa
1993, Pinso and Moura-Costa 1993, Mura Costa et al. 1994a, b], the
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rehabilitati on of degraded rainforests in Uganda [ Okonya 1993], comunity-
based reforestati on of degraded pasture land with fast growi ng tree species
in Ecuador, the restoration of forest degraded by acid-rain in a national
park in the Czech Republic, and a series of snmmll scale tree planting
activities in the Netherlands [Face Foundation 1994, Verweij 1994]. O her
exanpl es of smaller carbon sequestration projects through forestry are
given in Dixon et al. [1993a] and Faeth et al. [1994].

Al t hough carbon sequestration is often discussed in the context of
establi shnent of new forests, carbon fixation can also be achieved by
improving the growth rates of existing forests. Depending on the condition
of the forest, silvicultural treatnents such as thinning, |liberation
treatments, weeding or fertilisation can greatly increase the growh rates
of the forest stand [e.g. Korsgaard 1992, de G aaf 1986], inproving their
rate of carbon fixation. For estimates on the effects on carbon
sequestration of a series of managenent practices and silvicultura
treatments in tenperate forests see the study by Hoen and Sol berg [ 1994].

Forestry approaches for preventing or reducing rel ease of carbon

The nost obvious option for preventing the release of carbon fixed in
vegetation is direct conservation of forests. A large proportion of |and
under forest cover is threatened with conversion into other forms of |and
use which have |ower value as carbon sinks [Dixon et al. 1994b]. Sone of
the main pressures are conversion to agriculture and pasture, |ogging
operations, and urbanization [Wrld Resources Institute 1990]. Conservation
of forests play a double role in relation to carbon sinks. Firstly, it
prevents the enission of carbon which would be caused by deconposition of
the forest biomass. It has been estinmated that deforestation contributes to
30% of the current global CO, em ssions [Houghton et al. 1992]. Secondly,
conservation prevents the reduction in areas with potential for active
carbon sequestration. There are nany positive effects of using conservation
as a neans to preserve carbon pools, such as nmaintenance of wunique
ecosystens and wildlife, and protection of biodiversity. It also allows a
further inconme fromrecreation and the ecotourismindustry. It is estinated
that conservation can pronote a substantial increase in the global carbon
pools [Brown et al. 1992]. An exanple in which conservation was used for
carbon offset is the Oxfami Coica project in the Amazon region, to offset
the emi ssions of one power plant of the American utility conpany Applied
El ectric Systens. The approach of the project was to hire a group of
lawers to defend the land rights of indigenous populations against
conpanies wi shing to exploit their forest reserves for lunber, oil and
mning [Faeth et al. 1994]. By protecting the forest, it was assuned that
its value as a carbon sink was naintained.
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Activities that reduce the rates of carbon emssions are also of great
i nportance. These include reduction in rates of deforestation, introduction
of techniques for controlled logging, and fire prevention. It is estimted
that 15 mllion hectares of tropical forests are |ogged yearly throughout
the world [Singh 1993], and the najority of |ogging operations in tropical
countries are considered unsustainable and danaging [Poore 1989]. The
i mpl enentation of techniques for reducing the inmpact of |ogging, thus
avoi di ng unnecessary destruction of biomass and release of carbon, has
great potential. This was the central idea behind the project initiated by
t he New Engl and Power Conpany (USA), the environnental brokerage firm COPEC
(Los Angeles, USA) and the forestry conpany Innoprise Corporation in
Mal aysia [ Marsh 1992, 1993; Panayotou et al. 1994]. The objective of the
project is to reduce by ca. 50 % the amobunt of danage to the residual stand
through the adoption of strict guidelines for tinber harvesting [Putz and
Pinard 1993, Pinard 1994, see chapter by Marsh] adapted fromthe Queensl and
Sel ective Logging System [Crome et al. 1992]. The pilot phase of this
project will finished in md-1995, and prelinmnary estimtes suggest that
it is possible to prevent the release of ca. 35t C ha?® during the initial
two years after logging using this approach [Putz and Pinard 1993, Pinard
1994]. In this project the hauling of felled trees was done by craw er
tractors, and a certain anpunt of damage is inherent to this system
Furt her reductions in damage (and therefore C em ssions) may be achieved if
| ess destructive nmethods for tinber hauling are adopted. The use of
helicopters [Arentz 1992, Blakeney 1992], balloons [Dykstra 1994], or
skyline systens [Bruijnzeel and Critchley 1994, Sarre 1992] have great
potential for reduction of |ogging damage.

Fuel switching nay also play an inportant role in reducing the rel ease of
GHG s to the atnosphere. Forests can be created with the sol e objective of
fire-wood production, reducing the use of fossil-fuels. Because fuel
switching is a fully sustainable cyclic system it is thought to be the
nost prom sing option for carbon sequestration in the long term [ G ai nger
1990]. This approach has received considerable interest in Thailand, where
the FAO initiated a programme for research and devel opnent of conbined
energy systens based on forestry and hydro-el ectric power.

Anot her possibility to prevent unnecessary enmissions is to pronote fire
control. In the last decade fire outbreaks destroyed nillions of hectares
of rainforests in Kalimantan and Sumatra, and it is expected that the
i nci dence of forest fires will tend to increase in the next decade [ITTO
1994]. A conbination of ground-based practices of fire prevention and
control, and available renpte sensing nonitoring systens [Malingreau et al.



1989, DSE 1991] has great potential for reducing the frequency and extent
of forest fires.

The approaches discussed above concentrate on the effect of nanagenent
practices on vegetation only, and their consequences for carbon sinks.
However, twi ce as nuch carbon is stored in soils as in vegetation [Di xon et
al . 1994a]. According to the study of Nabuurs and Mhren [1993], tropica
rainforests have up to 90t C ha' (30 % of total carbon in this eco-system
and the hunus-rich soils of boreal forests can have up to 150 t C ha ' (60
% of total). The introduction of any technique that prevents or reduces

soil loss has inpacts on carbon sinks. This includes rationalization of use
of heavy machinery, preferential use of selective felling as opposed to
clear felling harvesting systens, the adoption of slope Ilimts for

plantations or |ogging operations, and the inplenentation of erosion-
control techniques. Since nost of the soil carbon is in the formof organic
matter, nmanagenent practices that pronote an increase in soil organic
matter can have a positive carbon sequestration effect [Dixon et al. 1994a,
Johnson 1992, Lugo and Brown 1993]. A project has been proposed to preserve
a whole watershed near the Panama Canal thus conbining the benefits of
managi ng both soil and vegetation for conservation of carbon pools [Faeth
et al. 1994].

Different forest managenent practices sequester or prevent the rel ease of
different anmpounts of carbon from a given area, at different costs and
different tine frames (Table 1). It is inportant, therefore, that the
choice of a nethod takes into consideration nore than just the costs per
unit carbon fixed. Each situation is different and the adoption of
managenent practices or decisions on land use should take into account
factors such as the inpact on |ocal populations, wildlife, biodiversity and
| ocal econony.

METHODS FOR QUANTI FI CATI ON OF CARBON OFFSETS

As forestry-based carbon offset is becoming an activity of increasing
i nportance, there is a need to define acceptable ways for quantification.
This is particularly inportant for commercial transactions, such as the bi-
national projects described in the previous sections. This section
descri bes nethods for quantification of carbon at a point in tine as well
as the potential carbon sequestration during a period of tinme. Two nethods
are described and conpar ed.

Quantification of carbon stored in a site at a point in tine
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Determ nation of the anmount of carbon stored in a site is done by
quantifying the anmount of biomass, necronass (ie. dead plant material) and
soil organic matter and applying conversion factors [see Putz and Pinard
1993]. The first step for quantification is to neasure the trees and
calculate their biomass volune (for sinplicity's sake, it is assuned that
this site only has trees and no other vegetation). This is often done by
taking dbh (dianeter at breast height) neasurenents and using conversion
fornmulas to estinate their biomass. The followi ng fornmul as were defined for
di pt erocar ps:

1/H=1/2D + 1/61
where His height in m Dis dbh incm[Kira 1978];

Ws = 0.313 ((DPH) %973
where W is stembiomass in kg [Kira 1978];

W = 0.136 (W)
where W is branch biomass in kg [Kira 1978];

Root bi onass = 25 % of aboveground bi onass [ Chan 1982].

After quantification of the bionass stored in the tree stand, a conversion
factor is applied to express it in ternms of carbon. This conversion factor
depends on the wood density of the species used. The conversion factor
suggested for dipterocarps is:

C=0.5W; where Cis carbon and Wis bionmass [Chan 1982].

Quantification of soil carbon is done by determ ning the concentrations of
soil organic matter through methods such as "loss on ignition" [Anderson
and I ngram 1989].

This procedure produces a figure for carbon stored in a given area at a
certain point in tinme. Repeated neasurenents are required in order to
determne how the <carbon pools <change for time to calculate the
sequestration potential of a particular forest type or nmanagenent system

Quantification of carbon sequestration during a period of tine

Debate has arisen over how to quantify a carbon offset. Different nethods

have been proposed. The npbst common is based on the anount of carbon fixed

in biomass at a certain point in tinme, usually the end of a rotation

period. This will be called "carbon fixed" and it can be exenplified as the

amount of carbon stored in planted trees at a certain tine t after planting

(Fig 1). On a yearly basis, the procedure for quantifying sequestration is
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to neasure the trees every year, calculate their growh increnent and
cal cul ate the anmount of carbon fixed during that period (Cl, C2 and C3,
respectively; Fig. 2). Many estinates for carbon sequestration found in the
existing scientific literature use this concept [e.g. Putz and Pinard 1993,
Freedman et al. 1992, van Kooten et al. 1992].

One limtation of this approach is that it does not take into account the
effect of tine. Certain approaches should be rewarded for postponing the
rel ease of carbon stored in plant biomass to the atnosphere. In forestry
terns that woul d nean the adoption of longer rotation periods, delaying the
i nevitabl e post-harvest deconposition of tinber products. If only financial
paraneters are used, harvest would take place as soon as the point of
maxi mum margi nal return is achi eved (approxi nately around y,, Fig. 3) which
of ten does not coincide with the point of maxi num carbon "storage" capacity
of the tree stand. Furthernore, determination of the anmbunt y in Fig. 1
assunes a condition of stability, ie. that a given forest area wll
continue to store carbon at the naxinmum | evel in perpetuity. However, in
nost cases forests are kept for a finite period of time and it is necessary
to look at what happens to it after this. In this situation, the slope of
the post-harvest deconposition rate would deternine the car bon
sequestration efficiency of this approach, ie. lowin the case of pulp and
paper production (p, Fig.3) or high in the case of conversion to furniture
(f in Fig.3). In the same way, if the trees are not harvested there nust be
a tinme-dinension for the renmuneration of this foregone benefit (nh in
Fig.3).

As decisions are often nade within a defined tinme franme, the approach above
is not ideal. An alternative approach for quantification is to use the
concept of "carbon Ileasing". The quantification of carbon leased is
slightly different, since the tinme factor is brought in, and the unit used
should be t C ha' year'!, rather than t C ha' Wiile for carbon fixed only
the increnental carbon increase during a certain period of tinme can be
clainmed (y in Fig. 1), in the case of leasing, the cunulative anmount of
carbon sequestered is clained at each period, as shown by the grey area in
Figure 4. Therefore, the areas CL1, CL2 and CL3 can be clained at tines t1,
t2 and t3 respectively (Fig. 4).

An advantage of the concept of carbon leasing is that it allows carbon
sequestration to be treated as a service that can be stopped at any tine,
therefore requiring less long-term guarantees between the contracting
parties. This is inportant since governnents are often reluctant to adopt
nmeasures with perpetual consequences. An exanple would be to halt the
l ogging of a given area for a certain period of time, "leasing" the forest
in this area as a repository of carbon, w thout any assunption that this
12



forest will not be logged after the period agreed. Another advantage is
that this concept allows the conparison of forestry options with different
time franes.

A conparison of the ampunts of carbon fixed versus carbon |eased for the
sane area would nmake it obvious that one unit of carbon |eased should be
worth much less than one unit of carbon fixed: one is a pernmanent asset
while the other represents a service rate

Applications to forestry and conservation practices

In this section we will discuss how the concepts described above apply to
different forestry practices. The exact shape of the curves depend on
technical paraneters such as growh rates and biomass accunulation of a
particul ar conbination of site and species, and will not be discussed here.

The nodel of carbon sequestration for plantations and afforestation is
given in Figure 5. Carbon fixed (Cf) until a given point in time (t) can be
directly calculated by nultiplying the biomass of planted trees by a
conversion factor, which depends on the wood density of the species
pl anted. The anpbunt of carbon |leased is illustrated by the shaded area C.
In the case of enrichment planting (Fig.6), the offset is the difference
bet ween the carbon accunmulated in the planted forest (C,) and the carbon in
the untreated forest (C;). A reduction in carbon is observed during site
preparation, when planting lines are cleared of vegetation, but this would
be compensated by the higher bi omass increnent of planted trees as conpared
to the untreated logged forest. Silvicultural treatnents would have a
simlar trend of increasing biomass of a site conpared to untreated.

Carbon offset by the wuse of reduced-inmpact logging (RIL) techniques
(Fig.7), can be quantified as the difference between carbon stored in a
forest |ogged conventionally and one | ogged according to RIL guidelines at
sonme point in the post-logging (t). Imrediately following |ogging no
difference should exist between carbon stored in the tw forests, if
equi val ent volunes of tinber are renobved fromthe two sites. However, nore

vegetation is danaged, and subsequently dies, in conventional |ogging.
Therefore, as the logging debris deconposes, the carbon stored in a
conventionally logged forest wll decrease nore quickly and to a |ower
level than will a forest logged with mninmal danmage to the residual stand.

In addition, approximately 10 years following logging (t;), the |ogged
forests should beconme sinks for carbon and the residual stand in a RIL
forest will be healthier, consist of nore higher density woods and will
therefore sequester nore carbon per ha than will a conventionally |ogged
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forest. These advantages are even greater in the case of |ess destructive
haul i ng nmet hods are used, such as helicopter® or skyline systens.

Carbon offset by conservation can be quantified as the potential reduction
in carbon retained in a certain area caused by logging (Fig.8). In this
case no net carbon sequestration occurs, and for this reason it is nore
adequate to use the concept of carbon | eased (C).

Al though soil was not taken into account in these calculations, it is
inmplicit that the use of good soil managenent techni ques would inprove the
capacity of carbon sequestration of any forestry practice chosen

Met hods for conparing the carbon fixation effectiveness of different
proj ects

The wuse of different nethods of carbon quantification also creates
difficulty for conparison between projects. Anpong the approaches suggested,
the nmost sinplistic is called flow sunmmati on nethod (R chards and Stokes
1994) and is based on the direct division of the total cost of the project
by the amount of carbon fixed at a point in tinme. Its nain weakness is that
it does not takes into consideration tine, both for quantification and for
remuneration of carbon sequestration. Furthernore, it provides a "snap
shot" of the carbon fixed at a certain point in tine, and therefore the
val ues derived from this nethod varies depending on the often arbitrary
deci si on of when to quantify.

In order to reward projects that pronote carbon fixation over a shorter
period of tine, Richards and Stokes (1994) suggested the discounting
met hod. It consists of discounting the increnental carbon fixed in a yearly
basis using a social discount rate (ca. 5 % per year). Then the present
value of the project's costs is divided by the discounted carbon figure.
Thi s approach, however, tend to bias towards activities which prevent the
rel ease of carbon, such as conservation or reduced inpact |ogging, instead
of activities which actively renmove carbon from the atnosphere in a
lengthier way (e.g. forest establishnment). This is because conservation
activities internalise large anpbunts of carbon at the beginning of the
project cycle, therefore suffering less from the effects of discounting.
There renmains the question of whether or not to use discounting techniques
for environnental issues, as questioned by Price and WIllis (1993).

®. The question of how much fuel is consumed (and therefore carbon burnt) by helicopter
logging is often asked. The ampbunt of carbon rel eased from fuel consunption during helicopter
logging is ca. 500 kg C ha !, and the savings associated to this practice is up to ca. 150 t

C ha'! during the initial 10 years after |ogging.
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An alternative non tine-biased approach is the |easing concept. It consists
of dividing the costs by the total amunt of carbon |eased during a
project's life. Carbon | ease can be calculated by using the integral of the
of the carbon fixation curve for the project (for exanple, the shaded areas
in Figures 4, 5, 6, 7 and 8). A simlar approach called the average storage
met hod was used by Dixon et al. (1991 1994b). It consists of dividing the
project's costs by the sumof the total carbon sequestered in an area in a
yearly basis, averaged over one full rotation

Finite environmental services versus |ong term consequences

As mentioned before, forests only actively sequester CO, during the grow ng
phase, after which carbon is stored in trees for as long as they are kept
as living trees or as forest products (tinber, paper, etc.). The
deconposition of forest products eventually releases the carbon fixed in
pl ant tissues back to the atnobsphere. However, this may occur decades (or
even centuries) after the forests were initially established. However
limted, this period during which carbon is retained in plant bionmass could
play a very inportant role in reducing the overall concentration of GHG s
in the atnosphere. For this reason, even though carbon offset through
forestry does not provide a solution for eternity, it can be seen as an
important interim environnental service of atnosphere cleansing while
alternative sources of energy that do not entail CO, rel ease are devel oped.

The followi ng theoretical exanple illustrates this concept. Figure 5 shows
the accunul ation of carbon fixed by trees planted in an area which was
initially bare. Assune that at the end of the growth cycle t, this forest
was burned, immediately releasing the whole anpbunt of carbon fixed in
planted trees. Therefore the amunt of carbon fixed at the end of this
exercise is the sane as the beginning, ie. zero. At first inpression, one
m ght assume that it was not worth planting trees at all. However, during
the period of tinme t a total ampunt of carbon dioxide C was kept out of
circulation, reducing the total concentration of GHGs in the atnosphere
during that period and their deleterious environnental effects. An anal ogy
woul d be the cooling effect that an air-conditioner has on its surrounding
environnent during the period that it is kept functioning.

A CASE STUDY

In this section, a case study of an ongoing carbon offset project is
descri bed, the I NFAPRO (I nnoprise-Face Foundation Rainforest Rehabilitation
Project) in Sabah, Malaysia, which started in July 1992 (Pinso and Mbura-

Costa 1993).
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Rational e for the project

The 1 oggi ng of dipterocarp forests accounts for a substantial proportion of
the revenue of South East Asian countries. In order to nmaintain the
econom c returns derived from this sector, forest regeneration nust be
managed for sustainable yields. The high densities of natural stands in
Sabah (Newbery et al. 1992) allow extraction rates of up to 120 nf ha'
(Silam Forest Products, tinber extraction figures). However, this results
in substantial disturbance to the residual stand (Nussbaum et al. 1995;
Appanah and Winland 1990). In sone areas the residual stocking and
seedl i ng bank of tinber species is nmuch reduced and artificial regeneration
needs to be enployed (Primack et al. 1987, Appanah and Weinland 1990).
Enri chment planting is a technique for pronoting artificial regeneration in
which seedlings of preferred tinber trees are planted in the under-storey
of existing |ogged-over forests and then given preferential treatnment to
encourage their growh (Lanprecht 1986). However, the costs involved in
artificial regeneration are often high and in sone cases funds are not
avai l abl e from |l ocal sources.

Energy supply in the Netherlands is mainly provided by coal-fired power
stations. The burning of coal produces enissions of CO, to the atnobsphere,
contributing to the greenhouse effect. In order to mtigate the em ssions
of electricity conpanies in the Netherlands, the Dutch Electricity
Cenerating Board initiated a programme for planting forests through the
Face (Forests Absorbing Carbon-dioxide Em ssions) Foundation (Verweij
1994). However, it is not possible to find |large enough areas in Europe to
of fset the ampbunt of gases released to the atnosphere, since nobst of the
| and is already under agricultural or urban use.

The problens faced by Ml aysia and the Netherlands were conbined to
generate practical solutions for both parties. In Mlaysia, extensive areas
are available for rehabilitation and/or planting of forests, whilst |arge
i ndustrial corporations in the Netherlands have the funds to invest in
projects related to "environnental cleansing”. In brief the idea is that
Mal aysia plants trees which absorb CO, emssions from the Netherlands
(Marsh 1992).

Proj ect description

The | nnoprise-Face Foundation Rainforest Rehabilitation Project (INFAPRO

is a cooperative venture between Innoprise Corporation - a seni-governnent

organi zation which has the | argest forest concession in the state of Sabah

Mal aysi a, and the Face Foundation of the Netherlands. The objective of the

project is to carry out rehabilitation of 25,000 ha of |ogged forests by
16



enrichment planting and reclamation of degraded areas using indigenous tree
speci es such as dipterocarps, fast growi ng pioneers and forest fruit trees,
over a period of 25 years (Pinso and Moura-Costa 1993).

The main planting system consists of opening parallel lines (2 mwdth, 10
m apart) across |ogged forests and planting dipterocarp seedlings (every 3
m along the lines). Weding is carried out every 3 nonths during the

initial 3 years, after which tine nost of the planting seedlings have
already attained a height greater than 3 mand are well established (Pinso
and Moura-Costa 1993). Results achieved so far are very satisfactory, wth
initial survival rates around 87 % (Moura-Costa et al. 1994a, b) and growth
rates of 1.2 cm dbh per year. H gher nortality rates are observed during
the course of the first year (van QOorschot et al. 1994), and for this
reason replanting is done at the end of the first three years. The long
term nature of the project will enable the nmintenance and silvicultural
treatments required to sustain the growh rates achieved so far. It is
expected that at the end of the 60-year growh cycle these forest will be
exploited for tinmber, which belongs exclusively to Innoprise. However,
ti mber harvesting will have to be done in a careful way, so that a healthy
residual stand can again regenerate a well stocked forest in order to
mai ntain a carbon pool for the Face Foundation, which has the exclusive
rights to the carbon sequestered through the project.
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Quantification of carbon sequestration

The anmpunt of carbon sequestration expected fromthis project was estinated
using figures fromthe literature and data from the project. The formul as
used for calculation of biomass and carbon were those of Kira (1978) and
Chan (1982). The followi ng assunptions were used for the calculations in
thi s paper:

e a pre-planting bionmass of |ogged forest (5 years after |ogging) of 125 t
ha' (based on Putz and Pinard 1993), growing at a rate of 1.0 t ha'
year !t until planted trees reach 20 cm dbh. After that, it is assunmed
that the only increases in biomass in the site will be due to the
growm h of planted trees, while the biomass of the secondary forest
matri x decreases at a rate of 1 % per year;

e an initial reduction in the site's biomss of 18 % as the result of the
initial opening of lines, although trees with dbh larger than 10 cm
and existing seedlings of commercial tinber species and fruit trees
were not renoved during site preparation;

« after discounting unplantable points (ie. rivers, rocks, points already
occupi ed by natural regeneration or trees) and the initial nortality
(ca. 15% during first two nonths), an average of 280 seedlings
est abl i sh per ha;

o dipterocarp trees grow at an initial rate of 1.6 cm dbh year! during the
initial 20 years; 1.2 cm year ' between year 20 and 40; and 0.8 cm
year ! after 40 years (Vincent 1961 a, b; Tang and Chew 1980, Hassan
et al. 1990, Moura-Costa et al. 1994 a, b). The initial rate of 1.6
cm year'! was chosen because this was the growh rate of the 50
fastest growi ng seedlings per ha (Mura-Costa et al. 1994a, b), which
would be nost likely the ones that survive until the end of the
rotation;

e tree nortality of 2 % per year during the initial 30 years, and then 1.5
% per year (Hassan et al. 1990, Korsgaard 1992);

e a thinning operation is carried out 30 years after planting, renoving 50
% of the existing trees;

e a recovery rate of 30 % of tinber into wood products, which deconpose at
arate of 7 % per year;

- atotal of 80t Cha'is stored in soil and necronass.

Fi gures for stand devel opnent and bi omass production are given in Table 2.

After approximately 10 years, planted trees wll be large enough to

conpensate for the reductions in bionmass assuned to result from site

preparation. After 30 years, trees would have reached dianeter ca. 42 cm

justifying a commercial thinning of 50 % of the stand. At this time, the

total anount of carbon offset would have reached 170 t C ha' (before
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thinning). The remaining trees will be left to continue growing until the
end of the 60-year rotation. The total anmount of carbon offset stored in
standing trees at the end of the rotation ampunts to 183 t ha', plus the
carbon stored in the wood products harvested at year 30. The average yearly
carbon offset will be 100 t C ha'yr' during a 60-year rotation. Apart
fromthe carbon benefits, a total of 346 n¥ of high quality tinber will be
produced during this tine. These trees will eventually be harvested, but
during the whole rotation the forest will be nmanaged for pronoting natural
regeneration in order to nmaintain a healthy stand with a large carbon
storage. Another factor to be considered is that the tinber fromenrichment
planting could be classified as “"sustainably produced" by wood
certification schenes, possibly attaining higher market value (Prabhu 1994,
Rowl and 1994). Oher benefits of enrichnent planting include preservation
of biodiversity, wildlife, and large areas of natural tropical forest,
which otherwise would attain higher opportunity costs by conversion to
pl antations of fast growing trees or oil palm

CONCLUSI ONS

Carbon sequestration through forestry has the potential to play a
significant role in aneliorating global environmental problens such as
at nospheric accunulation of GiGs and climte change. Unlike other
alternatives, forestry has social and economic side effects which are
nostly benefic, ranging from mai ntenance of biodiversity and endangered
habitats, to providing the home for forest communities.

The full development of this role of forestry is still dependent on
international negotiations (Enbree 1994). There is the concern that
forestry-based carbon offsets could lead to a formula to sustain the
econom es of industrialised countries in detrinent of the devel opment of
tropical countries (Mendis and Gowen 1994). A fair mechanism for joint
i mpl enentati on of projects, acceptable for both the industrialised and the
devel opi ng countries, nust be defined, creating a win situation for both
parties. Agreenent on the concept of joint inplenentation could pronbte an
i mense transfer of funds fromthe industrial to the forestry sectors never
seen before. Such funds could well trigger a new "green revolution",
initiating a new age for tropical forestry.
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Table 1:

carbon sequestration

Estimated carbon sequestration wth
different forest activities in the tropics.
derived from a
(between brackets) represent
prevented fromthe adoption of a forestry practice.

Positive val ues reflect
option;
en ssi on of

forestry
the potential

time-franme and costs

The val ues shown do not

necessarily conme from the papers referred to, which were Ilisted
suggestions for further reading.
Approach Car bon Ti me Ref er ences
sequestration franme
or (years)
conservation'
(t hat)
Pl antati ons of fast 100 - 200 10 - 20 Freednman et al
gr owi ng speci es (1992)
D xon et al. (1991)
Enri chment planting 150 - 280 50 - 70 Mour a- Costa et al
wi t h har dwoods (1994a, b)
Agroforestry 90 - 150 20 Faeth et al. (1994)
Si | vicul tural 90 - 150 30 Hoen and Sol berg
treatments (1994)
Rai nf or est (300 - 400) ? Faeth et al. (1994)
conservation | PCC (1992)
RIL> with tractors?® (35)/(80) 2/ 10 Putz and Pi nard
(1994)
RIL with helicopters? (80)/ (150) 2/ 10 -
Fuel switching (Fire- (100 - 200) 10 | PCC (1992)
wood production)
Fire protection (250 - 350) ? | PCC (1992)
Soi |l protection (20 -30) 1 | PCC (1992)
Faeth et al. (1994)
Soi | i mprovenent 1-2 1 D xon et al. 1994a
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for
active

negative val ues
carbon which was



1. Figures derived fromstrai ght summati on of carbon flow (see Richards and

St okes 1994).
2. RIL = Reduced inpact |ogging techniques.
3. First and second carbon figures refer to volunes estimated for 2 and 10

year tinme frames, respectively.
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Table 2: Figures of growth, survival, biomss and carbon accunul ati on of
enrichment planted and non-planted | ogged forests.

Yea BLF Bep N dbh Vtr ees Btree TCep TCLF Cwod Cumul at i Aver ag
r (t/’h  (t/h trees/ (cm (rr?/ha s (t/h (t/h  product ve C e
a) a) ha ) ) (t/ha a) a) s of f set C
) (t/ha) (t/ha) of f set
(t/hal
yr)
0 125 103 280 0 0 0 137 150 0 -13
0. 00
5 130 107 253 8 5 9 145 153 0 -8
-13.87
10 135 111 229 16 29 51 170 156 0 15 -6.02
15 140 109 207 24 75 128 213 158 0 54 7.25
20 145 104 187 30 118 201 250 161 0 89 23.26
25 150 99 169 36 167 282 293 164 0 129 40. 38
30 155 94 76 42 110 184 236 167 27 96 57. 40
40 165 85 69 54 177 295 293 172 13 133 71.62
50 175 77 62 62 221 367 329 178 6 157 86. 20
60 185 69 56 70 265 438 364 184 3 183 100. 02

BLF = Biomass of |ogged forest; Bep = biomass of |ogged forest excluding enrichnent planting;
Virees = volume of planted trees; Btrees = biomass of enrichment planted trees; TCep = total
carbon in enrichnent planted forest; TCLF = total carbon in non planted |ogged forest; Caood
products = carbon accunulated in wood products after harvesting at year 30; Cumulative C
offset = TCep - TCLF + Gaood products; Average C offset = Total cunulative carbon offset until
a point in time averaged by the nunber of years.
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Figure 1. Carbon stored (y) by planted trees at time t after planting.

Figure 2. Quantification of yearly amounts of carbon fixed (C1, C2, C3) by planted trees.

Figure 3. CO> offset by planted trees and post-harvest decomposition curves for pulp (p), furniture (f)
or non-harvested options. ymr = point of maximum marginal returns.

Figure 4. Quantification of carbon leased (CL1, CL2, CL3) at different points in time (t1, t2, t3).

Figure 5. Carbon offset by tree plantations. Cf = carbon fixed; C|_ = carbon leased.

Figure 6. Carbon offset by enrichment planting. Cuf = carbon stored in an untreated forest;Cep =
carbon stored in an enrichment planted forest.

Figure 7. Carbon offset by the use of reduced impact logging (RIL) techniques. Cpf = carbon stored in
the primary forest.

Figure 8. Carbon offset by conservation of an area originally designated to be logged. C|_ = carbon
leased.
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Figure 4: Quantification of carbon leased (CL1, CL2, CL3) at
different points in time (t1, t2, t3).
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Figure 5: Carbon offset by tree plantations. Cf = carbon fixed; C_ =
carbon leased.

6Figure 6: Carbon offset by enrichment planting. Cu: = carbon
stored in an untreated forest; Cep = carbon stored in an enrichment
planted forest at the end of the rotation.
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Figure 7: Carbon offset by the use of reduced impact logging (RIL)
techniques. Cpf = carbon stored in primary forest.

Figure 8: Carbon offset by protection of an area originally
designated to be logged. CL = carbon leased.
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