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I. Introduction 
As the scientific evidence for greenhouse warming 
conhnues to mount both in terms of sophistication and 
confidence, so too does the urgency of explonng 
strategies to help stabilize the global climate This 
urgency is underscored by the Intergovernmental Panel 
on Climate Change, which in 1995 concluded that 
human activities are having a "discernible" impact on 
global climate (1) 

One climate stabilization strategy is to continue using 
forests to store carbon, which in turn reduces 
atmosphenc carbon dioxide, the predominant 
greenhouse gas Unlike controlled scientific 
expenments, evaluations of carbon storage projects 
hinge on uncertan estimates of future human actlvity 
in the face of changed circumstances Understanding 
and antlclpating how people are likely to re~pond to 
such changes can dimnish uncertanty about the long- 

term benefits of carbon sequestratlon projects This 
report continues the work of the World Resources 
Institute (WRI) and others on the use of fore~ts for 
carbon sequestration as a response to global warmng 
See Box 1 (2) It particularly looks at improving the 
reliability of net carbon savings estimates by 
anticipating and avoiding leakage--that is, unexpected 
carbon losses Fortunately, it appears that in many 
cases leakage can be either avoided or reduced to 
acceptable levels 

Using the analyses of five recent case studies, that are 
bnefly descnbed in Box 2, as well as other case studies 
and past WRI research as references, this paper offers 
guidance on correctly estimating carbon sequestratlon 
benefits and on designing and implementing projects 
that will deliver these promised benefits 

Box 1 Carbon Sequestratmn Hlstctry and Context 
More than 2,400 aimttsts and 2 600 economrsts Sewes,  lnc a U '5 based ~ndependent eiecmc The appornjmty ta Improve fhe e v W e n  
8 Nobel. Pnze mmms among them stgned power producer asked the Instxtae to identlfy proms w c m d  scmn thewdbr, agm m 
statements suppmng the 199$ Inter- and evaluate forestry projects that could offset response to an AES plan to offer $5 mlIton for 
governmental Panel on Clunate Change report the oarbon dtoxtde emusslons of a new AES cod projects that would offset emslons bough  
(1) These experts conclude that the potential nsks Eifed power plant m Comec~rcut The new plant forest management For tbls effort, WRI 
of climate! change jusufy preventahve steps if was expected to e m  about 14 1 W o n  metric attempted to develop a more 8opWticated 
concentrabons of greenhouse gases wntmue to tom of carbon (52 I mlilton tons of COd dunng m a h o d o l o ~ ~  approach The carban 
nse mean globat temperatures could nse rmmg ~ t s  40 year hfe sequestrafaon potentxd of the pro~scts was 
sea levels and increasvrg the vanability of eva2uaEed mmg pfoJect site data and a s~mple 
hydrologic @vents and nsks to human healtb The most attractive pxoposal subm~tt& was land-use mod& Tbe model was des~gned to 

Located m Guatemala and proposed by CAW, a assess changes In the landscape Over the Me of 
Can anyhag be done to avert these events? The WE-know m~rnattona! development and r e M  the power p h t  and to provde rnsrght mto how 
I992 c b a t e  change convenhon commrts organrzabon The project had several the different mnds and mteruentrods wuld affect 
stgnatory nations to set targets to lower components mchd~ng creating commutvty the landscape dunngft~tute decades The model 
&reenhouse emissions m the next century These woodlots unplementlng agfofores'esugr praGEIces was also des~gaed to capture asenr*al phystcai 
targets will have to be met pnmaaly by terracing vulnerable slopes, and prondtng interactions between people and Eoresrs, to be 
~ncresrslng ~ h a n c e  on energy sources that emt  trrunmg for communtty forest fire bngades relatlveiy simple and to be suitabfe for a WI& 
comparatively lower levels of greenhouse g m  v a m y  of simattons and management scheaes 
Forests and forest so& can also be a part of the WRI calculated that the project would sequester 
solution they sequester carbon thus keeptng it an esnmlrted 16 3 m&on metnc tons of mrbon Box 3 presents addihonal ~n fma t ioa  or, the 
from the aunoqphere Pfanthg trees or over 40 years through net addition to the LUGS model The model and a manuat 
enwagmg agoforresay can store "new' carbon standrng lnveatory of biomass caxbon reteneon descr~bmg its assumptions methods and 
s a w  exlseng forest8 can prevent the release d of standlng forests as a result of demand Ilmf auuns as well as prq~cts and results we 
stored carbon dtsplacement vra woodlots and agraforestry a v m I e  from WRt 

projects protectlan of some carban rn soils and 
WRIs Interest LI'I carbon sequestxation p~ojects retentton of some standing forests because of 
dates b& to I488 when Apphed Energy communityfirebngades 

Note 1 Intergovernmental Panel on Clufiate Change Workrng Croup I Clmte Chmge 1995 The Science of Ctunafe Changie Smmary for PoIrc)t Makers, 
(Cambridge Wnivers~ty Press 1995) Screnust s Statement on Global Chmate Dsmptton June 18 1997 Ozone hcaon Wash~ngton D C Economists 
Statement on Chmate Change ' June 18,1997 RedeFming Progress San Francsco Cahfom~a 

J 
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flus study draws on five @cent e&on Long-term prospects for success depend on oblast regon 700 lalometers southeast of 
seque$traaon praJecrs which are described reducmg the actd1t-y of ranfall m the area the Moscow Representaaves from the Russfan 

$owce of the problem IS thought to be sulfur Federal Forest Servlce (RFFS) and Oregon State 
emsions at nearby coal bummg power plants in University (OSU) worlung un&r a Cooperative 

CASE f Reduced Impact ILoggtng SsbsfS Poiand The EWtriclty Geueramg Board (SEP) A w m e n t  wlth the U S Environmental 
of the Netherlands has provided funds for two Proteetmn Agency (EPA) negotated ths  pilot 
flue gas ddesubzation units for the largest project 1~ Russta The RUSMOR project will 

The reduced-mpact ioggtng plot project began power srat~m rn Poland explore how such projects can be organrzed and 
m August 1992 when Mew England Efectric managed amf how the sequestered carbon can be 
Systems OF Mtwachwttr: (NIBS) a coal The project ts sponsored by Forests Absorb~ng credited 
burnlng utihty, &c~ded to prov~de fuads to Carbon Emisstons (FACE) a f h m n g  
Znnopnse Cofp of Sabah, Mafaysla it hmber mechmm created by SRP FACE, suppom The project has many gods ~ncluding assessing 
concession holder ta mplement reduced mpact projects that v d  offset some of the C02 emitted the value of forest management projects as 
loggtng gmdehnes for 1400 hectares of from the use of fosslt fuel for electnnty greenhouse gas mttgatton prqects lderrhfying 
Innopnse's 1 m h o n  hectare concesslm The genmhon m the Ne%eflan& barnas to pnvate mvestment In Russran fomstry 
project emphasxzes staffa~lrmg U) use exsfmg and ways of overmmng them assrstmg Russian 
techttology suld machmery m an env~wmentztlty CASE 3 The OtsPaPno~eci-Peten, Guatemala partners to establish forest ptantauons and 
sensitive way and to increase supervtsm of shanng mfomahon that quantrfies the projecfs 
harvesturg operabons The Olafo project area 1s in a part of the Maya biolog~caJ economic and tnstiwtional benefits 

BlaSphefi Reserve m the Peten regon of 
The hafvmtlng guidehnes wlu& specficattons northern Guatemala thar perrmts multiple land The project IS betng coordinated by EPA and 
for creatrng buffer zones For streams and roads uses Under the current system of shifttng Implemented through cooperawe agreements 
develop~ng a f a m d  harvesnog plan cutting subststmm agrt~ulture land can be cutavated for wxth the Envu-nM Defense Fund @DF) and 
climber anes before harvmtmg, p h m n g  and 2 yew,  bur then must he fallow fw 8 years Oregon State Umversity 
marbug shd  traiis, markmg kees for fume Permanent agneulttue is not possibb because of 
harvests, and rzndenakurg drrectional f e h g  of hrgh weed rnfestaaon and low smi fertihty The project wonld a f f o ~ ~ t  420 hectares of 
marked trees to reduce res~duai damage to agricultural wasteland The land currently has an 

Residsnrs are primarily migrants For each new average biomass of 8 tons per hectare, wth tfie 
amvaf about one hectare of new land must be project howvex average biomass utln peak at 

The project's potentd benefits mclude reduced cIeared Afler the [and has been witrvated for 2 about 269 tons per hectare 
damage to the restdual forest, decreased erosion years addtttonaf forest must be convened to 
mbon emsstons and land degrWon  agriculture Because of papdaaon pressures the CASE 5 Carfix Costa Rica 
m c r d  capa~ity for future amber productton, shiitmg cuhvat~on cycle uasustanabie and 
increased biodtverslty decreased mcidence of deforeb!mm comues  The CARPIX project is located in the Central 
fire reduced weed ~Rfmtations, and acteased Volcantc Mountarn Range Cwsenatton Area It 
ton$ term eooIogtcal and e&norntc producmlty The proJect a &emptmg both to promote the a bemg lmpkmented by the Fundacton para el 

s a a m b l e  management of naturaI forests and to Desarrollo de fa Cord~llaa Volcanlca Central 
CASE 2 %Ironme National Park Czeeh extend UK cultlvarim m e  of sh~fhng agnculturd (FUNDECOR) a nwgovemmena orgamatlon 

lands bough the use of green cover crops 
Spdimfly, tt am8 to atend the cmppmg perid The regon is c h e t e n z e d  by agnntltural 

The Krkanose prqect 1s designed to restore from 2 yeas to 8-10 years New forest productton (prunaniy cattle) for export 
i5  000 hetrtwes of damaged and dead forest m managment pmmms ~nclude sustanabk amber Deforestation IS ocamng at a rate of about 5 
Krlurnose NWnd Park, which 18 lMateil harvesrs, b a n t u g  of Desmoncus vmns for percent per year Once logged the land 1s 
northeast of Prague m a mounwnous area rattan type furniture and ornamental plant converted 10 a g n m I W u s e  
betwmi Poland and the Czech Repubh~ The extractrat The project 1s =tended to help boost 
mountam range 1s endowed with umque mme for focai f a m h s  recupwate forest areas The pressure on the closed forest and open 
vegewon and 1s the only Norway spruce forest and reduce the deforestatton rate wuodiand is pnmanty to expand the agncuftoral 
nk Europe that ~s adapted to a harsh mantane land W e  wtth some income from Ioggtng 'be  
cma te  Because of ~ t s  unusual fiorae 38,500 The QIafo Pram is bemg developed by the key to slowng deforestahon therefore IS to 
hectares on the Czech side were designated as a Trop~eal Bgucuitute ReGearch and Education provlde aiternatlve sources of lncome that are 
naltonal park a I963 Center (CkTtE) a regionat nonprofit scienhfic competttlve wth a~cui tura l  exports 

and educatroRal mstxtuhcut based m Tumalba, 
The N o m y  spruce ( h a  abm) stands ate Casta R ~ c a  The project is supposed by three FUNDECOR'S primary ~ctlvittes are natural 
h m l y  degraded by iur paflution and mncrmfng S&~vtan;ud agencies DANfDA (Denmark) forest management (NPM) and development of 
aadificabon By 1992 one-half of the extsbng N O W  (Nomay) and SDA [Sweden) tree planmhons on grazed or degraded lands The 
forest m 1963 had been seriously damaged or had pwect addresses the gramg land demand by 
dred About7 hectares of land utas so acrdtc CASE, 4 Rasafor Affor&t~on Project subshtuttng xncome From NFM for cattle 
that nRarrat re@neratm was mpos$~ble l'hs Saratov, Rassits producuon To ensure the practlce of sustainable 
area was complt%ely reforested On the rematsung loggtng, the project will pwlde  m m e  to the 
8 GOD hectacw, trees were planted m gaps m the The biological operaaonal and mutuaonai local populaaon dunng the m t e m  between 

oppomuuhes a manage a Russran forest as a tmber harvests 
carbon smk wili Ire evaIuated in the Saratw 
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The potential role of forests in slowing global warrmng 
is still being debated At an Apnl 1995 meeting in 
Berlin, the Conference of Parties to the Framework 
Convenhon on Climate Change agreed to begin a pilot 
phase explorahon of the efficacy of "activities 
implemented jointly" to reduce greenhouse gas 
emissions or sequester carbon (3) The international 
community is using this pilot phase exploration to 
decide if such projects are a valid way to reduce 
atrnosphenc concentrations of greenhouse gas 
emssions Climate-convention signatory nations may 
approve Joint Implementation as a formal mechanism 
for achieving greenhouse emission reductions if the 
projects are shown to offer real benefits to developed 
and developing countnes 

The current convenhon defines "joint implementation" 
agreements as "efforts undertaken voluntmly and 
cooperatively between at least two parties in two or 
more countnes that reduce, avoid, or sequester" 
greenhouse gas emissions The parties could include 
the pnvate sector, governments, non-governmental 
organizaQons (NGOs), or academic inshtutions (4) 

Under a jolnt implementation framework, forestry 
projects are potentially an attractive sequestration 
option, because they may be a relatively inexpensive 
way to offset greenhouse gas emssions However, the 
cost-effectiveness of forestry projects for carbon 
sequestration remans uncertain, particularly once 
transaction and monltonng costs are considered 

Not everyone is convinced, however, that joint 
implementation is a valid option for reducing 
greenhouse gas concentrations Several NGOs, China, 
and a majonty of the "G-77" group of developing 
nahons have reservations about these agreements They 
argue that developed countnes are responsible for the 
historical buildup of greenhouse gases and are duchng 
their commitments by using these forestry projects as 
a way to continue their profligate domestic energy 
consumption Thus far, the G-77 nahons support only 
pilot projects or forestry agreements between 
developed countnes (5) However, some developing 
nations, including Costa Rica, view such agreements as 
an opportunity to attract foreign investment capital and 
funding for rural development and conservation 
projects 

Whether forestry and land-use projects have a place In 
a future Joint Implementation program depends on 
their ability to deliver venfiable carbon benefits 
Delivering the carbon reduchons clamed 1s a key to the 
credibility, and hence the acceptance, of these projects 
for greenhouse gas mitigation and reduction 
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11. Leakage 
Leakage is defined here as the unexpected loss of 
eshmated net carbon sequestered In some cases 
leakage may be positive--that is, more net carbon 
reductions were achieved than was expected, but it is 
the loss of greenhouse gases that most concern us 
Leakage can be the result of incorrectly estimating the 
project's impact or of unexpected effects such as a 
population increase in the project region, dunng the 
course of a project Therefore, correctly estimating a 
project's impact and designing projects that avoid 
leakage are cntical 

Figure 1 illustrates the land-use dynamcs and potenhal 
leakage over time in a project region charactenzed by 
subsistence agnculture, where population growth and 
demand for agncultural land dnve deforestation As 
population grows, marglnal upland is brought into 
agncultural production As this land eventually 
degrades into pasture, people cultivate increas~ngly 
higher, and more easily degraded slopes Each of the 
three scenanos depicted in Figure 1 features permanent 
agnculture on the lowland areas and a combination of 
cattle grazing and farming in the upland areas The 
project goals are to move from scenano 1 (the basehne) 
to scenano 3, and sequester carbon by relieving 
pressure on the forest through the introduction of 
h~gher productivity agroforestry and tree plantations, 
which would provide fuelwood However, as shown 
by scenano 2, leakage occurs Agroforestry is more 
productive than the pasture and agnculture it replaces, 
but the movement of cattle to upland areas results In 
forest conversion and degradation, albeit at a slower 
pace than Indicated in the baseline Ideally, leakage 
can be anticipated, or mtigated, by the measures listed 
in scenano 3--halting encroachment allowing 
sustanable use of forests, and incorporating cattle into 
the woodlots via silvopastoral systems 

In response in part to uncertainties regarding correct 
net carbon calculation, investors are focussing on 
simple afforestation projects, because their impacts 
appear to be easier to quantify than those of other types 
of forestry carbon sequestration projects In fact, tree 
planting is the only forestry activity the U S 
Department of Energy defines as a "standard" rather 
than "reporter-designed" project, meaning that enough 

credible data has been assembled to estimate the 
project's carbon benefits (6) Of the greenhouse gas 
mitigation projects reported to the Department of 
Energy, tree planting projects are the most popular (7) 
The carbon storage portfolio sponsored by the 
Netherlands' state uhlity consists ent~rely of tree 
planhng on degraded lands (8) 

The populmty of tree planhng may also be explatned 
in part by the notion that growng biomass accumulates 
carbon while mature forests are merely stable 
However, these "stable", mature forests have usually 
accumulated much more carbon in biomass than tree 
plantations are likely to, as Table 1 illustrates The 
biomass accumulahon of the mature forests in the 
northwestern United States, Malaysia's Sabah region, 
and Cameroon represents only carbon in living 
biomass, the total carbon of tree plantations with 
rotations varying by species, represents projected 
accumulations of carbon in living biomass and forest 
products after 300 years (9) 

Table 1 compelhngly illustrates that tree plantations are 
less effective than natural forests at stonng carbon, 
even when carbon storage in wood products are 
included in the estimate Furthermore, a recent study of 
a tropical rain forest in Brazil indicates that 
undisturbed forests are continually sequestenng carbon 
The study estimated that the forest sequestered one 
metnc ton of carbon per hectare per year (10) T h ~ s  
finding underscores the greenhouse gas benefits of 
projects that prevent deforestation 

It is important to note that when the authors in this 
publication refer to projects that prevent deforestation, 
they are not necessanly refernng to forest preservation 
projects that set aside forestland in a park or protected 
area, which can have significant leakage problems 
Rather they are refernng to those projects that 
successfully prevent deforestation by addressing 
underlying land-use dynamics and demands on 
resources in and around the project slte Satisfying 
demands for these resources can, and often does, 
involve tree planting, as noted later in the case studies 



Flgure 1 Expanding Agricultural Frontler 

1 Baselme 

Forest Conversion 

Fuelwood demand 
Flre from slash and 

Dnvers then degrades Into pasture 

2 W~th Project (leakage) 

Connnue to graze cattlelsheep and 
collect fuelwood and tlrnber 

forest and causlng s 
Project Achv~tles ree plantlng on degraded land 

Increases fuelwood and so11 
eroslon control 

Agroforestry (~ncreased 
agncultural productlvlty 
fuelwood less dang 

3 Wlth Project (no leakage) 

Stop encroachment for cattle 
grazing and fuelwood collechon 
Sustiunable loggng (hmted) and 

Sllvo pastoral (so11 eroslon 
non timber forest products from control fuelwood cattle 

Opportunrbes Agroforestry (Increased buffer zones 
contiuned forage from trees) 

agncultural producbvity 
fuelwood) 



Carbon Counts 7 

Table 1 Comparison of Potent~al Blomass 

Forest Type Tons of Carbon 
per Hectare 

Mature Douglas Fir Northwestern 61 1 (1) 
Un~ted States 

Mature Closed Forest Sabah Malays~a 348 (2) 

Mature Pr~mary Mo~st Forest Cameroon 279 (3) 

lndustr~al Black Locust Plantat~on 195 
Europe 

lndustr~al Slash P~ne Plantat~on 191 
Brazll 

Afforestahon of Troplcal Wasteland 188 
Borneo 

lndustr~al Poplar Plantat~on Europe 137 

1 Mark E Harmon W~lllam K Ferrell and Jerry F Frankl~n Effects on Carbon Storage of Conversion of Old Growth Forests to Young 
Forests Scrence 9 February 1990 699 
2 Franc~s E Putz and M~chelle Plnard Reduced Impact Logg~ng as a Carbon Offset Method Conservatron Btology vol 7 no 4 December 
1993 755757 
3 Sandra Brown Andrew J R Glllesp~e and Arlel E Lugo B~omass Est~mat~on Methods for Troplcal Forests w~th Appl~cat~ons to Forest 
Inventory Data Forest Scrence vol 35 no 4 December 1989 895 

The urge to pursue simple projects in an effort to avoid 
difficult issues is understandable but unnecessary It is 
possible to evaluate projects, identify conditions likely 
to result in leakage, determine factors contnbut~ng to 
this problem, and recommend actions to avoid or at a 
minimum account for it 

The analysis of specific carbon sequestration projects 
indicates that leakage can and should be incorporated 
into project design and that projects addressing the 
dnvers of land use-change will maximize project 
benefits reduce nsks and costs and minimize the 
potential for leakage 

Causes of Leakage 

A project may fa1 to meet its carbon sequestrahon 
target because of unforeseen circumstances that are 
beyond the control of project participants, improperly 
defined key parameters, such as tlme honzon, project 
boundanes, or basehnes, or inappropnate project 

design and activihes in light of the land-use patterns in 
and around the project site 

Unforeseen C~rcumstances 

Extreme weather, political instability, climate change, 
pests disease, or fire are unforeseen circumstances that 
project designers and implementors cannot control 
Such circumstances can be dealt with at two levels the 
individual project level and a broader multi-project, 
national or international level Project falure at the 
macro level can be guarded agsunst in at least three 
ways creating a diverse portfolio of projects that 
hedge aganst individual project falures, pinning 
carbon reduction credits to national baselines, or 
creating insurance funds that would provide funding 
for a replacement project should one fa1 (1 1) Each of 
these options would mihgate the consequences of an 
individual project falure 
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Of the three optlons, the portfolio strategy is the only 
one currently being used To sequester nearly 100 
d o n  tons of carbon, FACE, (the financmg arm of the 
Netherlands' state uhlity), has set up projects m seven 
counttres FACE has sufficrently diversified so that the 
failure of h e  project will not seriously hamper its 
carbon mhgahon effort Uhlihes that do not have the 
resources to 111vest m more than one forestry project can 
still reduce the r isb of an mlvidual project falure by 
worhg m concert In the Umted States, for example, 40 
ublihes have jointly mvested in the nonprofit UhliTree 
Carbon Company to prov~de more than $2 rmllion for 
five or SIX forestry-based projects (12) 

The portfolio concept can be applied not just to the 
number but also to the types of projects Because 
natural forests are usually adapted to naturally occurrmg 
events typical to theu region, projects that mantan 
these forests may therefore be more resilient than 
projects focussmg solely on tree plantahons, which tend 
to be more suscephble to drought, fire, and disease (13) 

Our project remew mlcated some guidelines for dealing 
with these and other unforeseen circumstances at the 
mdividual project level One gmdehne is to prov~de 
benefits to the people living in the project area. Projects 
that fa11 to provlde local benefits can solidify polihcal 
opposition and increase the projects' risk of falure 

Conversely, projects that provrde such benefits can 
create mcenhves for local people to overcome risks and 
even expand projects' impacts 

The CAREJGuatemala project, whch Increased 
fuelwood avsulability and agncultural productwity by 
promdmg trees through CARE-sponsored tree nursenes, 
has persisted dwng years of polltical stnfe and 
uncertanty because it involved local people as 
stakeholders m its success Moreover, these people have 
adopted the project's techniques in areas beyond ~ t s  
boundmes by settlng up their own tree nursenes, 
thereby potenhally increasing the amount of carbon 
sequestered (somehmes called posihve leakage) and 
prov~dmg other ancillary benefits 

Other projects have used different methods to enhance 
their success The RUSAFOR project, for example, 
contams both a shck and a carrot RUSAFOR has bmlt 
loss promsions into its contract with the Russian Forest 
Serwce, shpulatmg that the Service will replant trees if 
the ongrnal ones do not survive Also, the project spl~ts 
any future carbon crelts evenly between the United 
States and Russia 

In conclusion, the mere existence of nsk from unforeseen 
mcumstmces is not a sufficiently compellmg reason to 
exclude forestry and land-use projects born a joint 
q l e r n e n ~ o n  program The strategies outlined above 
can reduce the nsk of a project's fdure to an acceptable 
level Furthermore, risk is not endermc to forestry 
projects, but 1s also a concern for energy-based, 
greenhouse gas offset projects To date, no forestry or 
land-use projects to sequester carbon have faled 

Improperly Defined Key Parameters 

One of the challenges of avoilng leakdge is to correctly 
define a project's three key parameters One is the 
baselme--what would happen m the project's absence 
It is the foundahon for eshmatmg the project's net 
cabon sequestrahon benefits The second parameter is 
the appropnate project llfehme And the h r d  parameter 
is the project's boundanes which may differ from the 
project's physical boundanes, the area where carbon 
sequestrahon achvlhes are directly implemented The 
lmpact of these achvrtles may extend beyond the 
physical boundanes The Leakage Index, presented m a 
later sechon, descnbes the vanous dr~vers of land-use 
change and project components that help to define a 
project s boundanes These three parameters are 
partmdarly important m helpmg project designers more 
accurately eshmate carbon benefits, lscover potenhal 
sources of leakage, and design projects to mmmze or 
ellmmate thls problem(l4) 

Net carbon sequestration is d~fficult to eshmate, in part 
because of the conjectural nature of basellne projections 
The case studes suggest a few guidelines for 
construchng reasonable projections 
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First, eshmates of what would happen in the project's 
absence should be based on exlstmg forest trends and an 
~denhfiable cause In the Krkonose project, in the Czech 
Repubhc, such eshmates were aded by the existence of 
hstonc data on the Krkonose forest's decline and a clear 
understandmg of the declme's cause --acid ran resultmg 
from emsslons fiom nearby power plants The C M X  
project m Costd Rca  used LANDSAT data collected 
dunng a 5-year mterval to refine its baseline projechons 

Second, barriers to poslhve change should be analyzed 
to strengthen the case for a likely baseline scenario The 
point of th~s achon IS to determine if the soclal benefits 
offered by forestry projects could be realized without 
outside mtervenhon Although agroforestry or 
sushnable forestry projects generally provlde 
envuonmental and soclal benefits, small landowners, 
who typically have httle access to capltal, may be unable 
to wat for these benefits because they need to support 
themselves today (15) Both the ongmal 
CAREJGuatemala dnd CARFIX projects provlded 
interim Income unhl the projects' benefits could be 
realized Furthermore, without such external fbndmg, 
there would be no mcenhves to produce nonmarket 
goods such as sequestered carbon 

T h ~ d ,  reforestahon projects should include evidence of 
barriers to natural forest regener&on such as intenslve 
cropping, polluhon, soil degradahon, perverse forest 
policies, pests, or fire Because forests eventually 
rebound from disruption, project planners must make a 
compelling case that the area would not regenerate 
naturally Baselme assumptions reman a thorny issue 
for reforestahon and afforestation projects 

Project Llfehme 

Piclung an appropriate lifebme for a project is also an 
important parameter in developing an accurate eshmate 
of expected future net carbon benefits Two issues are 
associated with choosing an appropriate bme honzon 
The first is decldmg which bme horizon most accurately 
medsures the effects of project achvihes, and therefore 
most accurately eshmates the net reduchon of 
greenhouse gases Different time horizons will yield 
&fferent net eshmates The second is ensuring that the 
project conhnues long enough to rmbgdte the global 
warrmng potenhal of greenhouse gas emissions but not 
so long that the project becomes unreasonable in terms 

of rlsk and monltonng The following three optlons 
address each of the above issues to varying degrees 

Under the first option, referred to as "llfehme of an 
emttlng achvlty," the project would be llnked to the 
lifehme of a power plant's operations or other emttmg 
achuhes that the project was designed to mtigate The 
CAREIGuatemala project, for example was linked to the 
35-year lifehme of the AES-power plant it was 
offsettmg However, a 35-year hrne horizon may be 
surpassed in durahon by the entue lifehme of cerhn 
carbon forestry projects, such as RUSAFOR, whch is 
sltuated m a slow-growing boreal zone (16) One 
advantage of such a bme horizon IS that the carbon 
emtter, who is typically the project mnvestor, can play a 
momtonng role, as IS the case wlth CAREIGuatemala 

Under the second option, referred to as "lifehme of a 
project" only the carbon sequestered for the exact 
durahon of project achv~hes would be eshmated In this 
case the hrne honzon would vary slgmficantly from 
project to project as, for example, from 3 years for the 
loggmg project m Malaysia to 60 years for RUSAFOR 
However, only countmg carbon for the durahon of 
project achvihes, whch do not mclude monitomg, 
carrles the risk of mscalculatmg project Impacts As 
Figure 2 illustrates, the potenhal differences in net 
carbon sequestrahon eshmates can be large, depending 
on the hme period used for calculahon If eshmates are 
calculated only for the first 5 years, the difference 
between the e s m e  for convenhonally logged land and 
that for reduced-impact logged land will be greater than 
under a longer hrne frame Also, ~f the convenhonally 
logged land regenerates, this d~fference will decrease 

Under the thud ophon, referred to as, "lifetime of carbon 
d~oxide in the atmosphere,' the project's lifetime is 
estimated to be 50-200 years, the length of time that 
carbon dloxlde persists in the atmosphere (17) 
However, assurmng contmued carbon sequestrmon over 
a hrne horizon reaching the upper end of this range is 
unredsonable given the lmposslbility of accounhng for 
uncertmhes about events and achvlties that far into the 
future 
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Figure 2 Reduced Impact Logging (RIL) Carbon 

1 13 24 36 4 7 59 70 
Time (year) 

RIL Baselme Tons Carbon 
RIL WithProject - - - - - - - - - Tons Carbon 

Boundarzes 
For the purpose of estimating a project's net carbon 
mitigahon, the time frame should neither mask future 
land-use trends nor render parameter estimates 
meaningless It is necessary to balance a reasonable 
time frame for future projections aganst the need to 
sequester greenhouse gas emxssions that persist for 
hundreds of years Given a changing landscape, using 
too long a time honzon renders parameter estimates 
undependable, reducing the rehability of a project's 
carbon estimates 

In terms of traclung carbon, a project's lifetime should 
last until the time at which the carbon dioxide could 
have cycled out of the atmosphere, a mnimum of 50 
years In this way, the project is most likely to have 
reduced the atmosphenc concentration of greenhouse 
gases Ideally, the project will be deslgned to provide 
local benefits that will ensure the continuation of 
project actlvihes 

Properly definlng project boundaries is absolutely 
cntical to avoid leakage Choosing an appropnate 
project boundary for malung carbon sequestration 
eshmates requires detemning the spatial relahonship 
between the demand causing land-use change, and the 
supply source Project activities can have impacts at a 
project level, a local/regional level, or a global level 

Small pilot projects on land with httle or no competing 
uses need only consider the area of direct project 
activities because the project's Impact is unlikely to 
extend beyond its immediate boundmes Projects in 
Russia and the Czech Republic fall into this category 
Krkonose is situated in a nat~onal park, where there is 
no danger of encroachment, so there are no alternate 
land uses to displace FACE is funding efforts on 
15,000 hectares, and only the dynarmcs of those 
hectares need to be considered 



Carbon Counts 11 

More often, compehng land uses will mean that a 
project's impact extends beyond its own borders to the 
local area or region The Olafo and CARE projects in 
Guatemala, and CARFIX are in this category In 
dynmc settmgs where factors such as population 
growth, agncultural produchvlty, fuelwood needs, and 
concerns about deiorestation interact, the project's 
impacts will extend beyond the areas of drrect 
intervenhon Developing an agroforestry project in a 
region of subsistence agriculture, requires more than 
plantmg X number of trees on X number of hectares 
and calculahng the carbon sequestered A project 
developer must also consider what type of land is 
converted to agroforestry If it is agncultural land, will 
agroforestry increase produchvity? If not, will farmers 
need to clear more land than was previously thought 
necessary? 

For some projects, notably those involving logging or 
agncultural produchon for export markets, the demand 
and supply dynarmc will be essentially global in that the 
projects cannot control demand and cannot affect the 
quanhty consumed If the Malaysia logging project 
reduces output, the world market will consume the same 
amount of bmber, it just won't come from the Malaysian 
project site 

Inappropnate Project Design 

The spahal relabonshp between supply and demand not 
only determines the appropriate project boundaries but 
also structures the process of idenhfying and avoidmg 
leakage dunng the project design and evaluabon phase 
Potenhal types of leakage are achvity shifbng, market 
effects, and project construchon effects (18) Unlike 
unforeseen clrcurnstances, these manifestahons can 
largely be anbcipdted and avoided Some or all are hsted 
in the gmdelmnes issued by the U S Initiative on Joint 
Implementahon and by the U S Department of Energy 
for reportmg greenhouse gas offset projects 

Actrvlty sMtmg occurs when the achvity causing carbon 
loss m the project area is displaced to another location 
As an example, consider a project that buys out farmers 
and preserves the former agncultural land and 
surrounding forest In response, farmers may resume 
agtlcultural achvities in a neighboring forest rather than 
move to a city or take up another occupabon If 
farmers resume such achwhes elsewhere, the project has 

merely d~splaced the source of carbon emissions 
Similarly, the Malaysia loggmg project whch reduced 
damage from loggmg, may increase hmber harvests 
elsewhere by decreasing the project site's short-term 
hmber output 

Market effects occur when demand is unrnet because a 
project reduces supply or because it unexpectedly 
increases demand A Uruted Nahons Development 
Programme proposal for a carbon sequestrahon and 
bidversity project m an arid area of the Sudan refers to 
such effects According to the proposal, increased 
fuelwood and other resulhng Improvements mght 
encourage imgrabon,  rncreasmg pressure on the new 
fuelwood source and undercuttmg net carbon 
savings (19) 

The case of Carton de Colombia, a pulpwood producer, 
provides a useful example of market effects, even 
though it was not carbon storage project, but 
resembles such a project Carton de Colombia, amed 
to maintam a sustamed yleld through natural 
regeneraton and by nmmzmg damage to residual trees 
m a lowland tropical forest on Colombia's Pacific 
Coast (20) However, the job opportunlhes created by 
the pulpwood producer tnggered an d u x  of colomsts, 
who could not all be absorbed and employed As a 
result, hmber poacbg and conversion of recently 
harvested areas to agriculture nullified potenhal project 
gans 

construchon effects occur when a project rncreases the 
energy-mtensiveness of an achwty by, for example, 
mechmmg agriculture, or mtroducmg new ermssions- 
producing acbwbes by requlring major mfrastructural 
developments such as large dam construcbon With the 
excepbon of b~omass projects for energy producbon, it 
1s unllkely that a forestry project requlrlng such a large 
construchon effort would be cost-effechve enough to 
implement for carbon sequestr&on benefits alone Thls 
study did not exarmne any such projects 

Of the three potenbal types of leakage, thus far only 
two--achwty shftmg and market effects--have emerged 
from our case stuhes as a concern They are both 
related to unrnet demand Achvlty shifting wll only 
occur If project boundaries are not configured to mclude 
relevant demands Market effects are associated with a 
demand shift m whch the project itself provokes an 
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mease m demand and upsets original assumptions and 
hence carbon sequestration estimates 

The next two secttons present a conceptual framework, 
the Leakage Index, that helps determtne when leakage 1s 
likely to be an issue and uses case stud~es to illustrate the 
Index 

Leakage Index 

A rough guide to leakage potenbal is shown in Table 2, 
the Leakage Index Es hmates of leakage potenh al were 
based pnrnanly on an analysis of the type of demand for 
a resource (for example, agcultural land, fuel, or tmber 
for either local or export consumption), market 
boundarres (local, regional, nakonal, or global), and the 
extent to which the project satisfies the demand for a 
resource 

Column one of the Leakage Index presents the man 
drivers of land-use change and the deforestahon 
resulhng fkom demand for agnculturd land, fuelwood, 
and t~mber The underlying concept is that decreasing 
output or access to needed resources prevents a project 
from meetmg its carbon sequestrahon goals The extent 
of the unmet demand determrnes the magn~tude of 
leakage caused by project achvlt~es 

Figure 1 depicts an example of ths dynamic If upland 
forest had been strictly protected and no agncultural 
extension and tree plmting had been undertaken, 
demand for agncultural land and fuelwood would be 
unrnet Thls unrnet demand would result m leakage as 
people attempted to intensify produchon on pasture 
land, further degrading the centrd, sloped areas, as 
they encroached on the protected area for fuel, or as 
they moved out of the area to cultivate unprotected 
forest 

Determnlng the p n m q  drlven ot land-use change 
requires an understanding of the project area and the 
human achvihes there, which m turn determne the 
extent of project boundmes Although CARFIX 
proponents used GIs estimdtes indicahng 5 percent 
rate of deforestahon, they needed to determine whether 
the deforestaon was dnven by demand for t~mber or 
for agr~cultural land In this case, bmber demand 
proved to be a secondary issue 

The second column of the Leakage Index further 
delineates the nature of demand, whch could be e~ther 
for local use, subsistence use, or export Th~s 
deheaon d l  help define the project boundary and the 
amount of leverage the project can exert on demand If 
demand for a resource is local or regtonal, the project 
can possibly offer subshtute resources However, the 
project w11 have httle or no leverage d the demand 1s for 
a large regional area or a global market 

Column three of the Leakage Index lists l~kely project 
components based on those employed tn carbon 
sequestration projects to date, and column four lists 
condihons under whch these components become 
vulnerable to leakage As these columnb indicate, a 
project that reduces access to resources w~thout offerlng 
alternaves d l  llkely result m leakage, as people within 
the project area will move elsewhere to fmd other 
sources 

For a project to successfully sequester carbon, i t  must 
elther expand or have a neutral impact on output of a 
resource Alternahvely, the project could provide a 
subshtute resource CARFIX, for example, addressed 
agrtcultural land demand by subshtuhng Income from 
sustanable forestry and carbon sequestration 

Column 5 of the kakage Index offers an assessment of 
a project's potenhal for leakage moderate or Igh ,  
durtng the short or long term Because the Index IS 

qualitahve, there is no strict interpretahon for these 
des~gnahons These designations are based on the 
avalability of strategies to avold leakage and the likely 
magmtude of leakage A moderate designahon means 
that the amount of leakage as well as its presence or 
absence, is dependent on individual site condibons A 
hgb des~gnatlon means that, unless there are rmhgahon 
strategies, leakage will occur Where hmber is the 
primary resource demanded, leakage may be of short- or 
long-term durahon, as proponents of sustmable forestry 
projects argue that m the long term project sites are more 
produchve than thex convenhonally logged counterparts 
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The final column lists poss~ble strategies for avoidmg 
leakage Each of these strategies has been Implemented 
m ongomg carbon sequestrahon projects or proposed for 
such projects In most cases, de tem&on of 
appropriate strategies will depend on exammahon of 
forces leadmg to land-use change, which will be 
addressed through the project's key achvlhes However, 
m some cases, redes ipg  aproject and adding activlues 
may be too costly, or may not be feaslble because of the 
project's locahon Eredes lpg  a project 1s ~mposslble, 
potenhd carbon sequestrahon benefits must be 
recalculated to reveal the project's soundness An 
example of refiguring carbon eshmates for a hmber 

project 1s offered m the Timber Demand sechon 
followmg the Leakage Index 

In summary, carbon projects must carefully cons~der 
impacts on surroundmg areas Does the project help 
meet local needs for mcome, fuel, and food, or does ~t 
lock up resources? If a project preserves a forest for its 
carbon sequestrabon benefits w~thout regard to local 
needs, ~t d l  either shtft demand for land or fuelwood to 
adjacent areas or w~ll deprlve the local population, 
ultimately engendemg local oppos~bon to the project 
and others llke ~t in the future 
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Table 2 Leakage Index 

Strategies 

Protect adjacent forests 
Implement sustanable 
forestry 
Introduce ecotounsm 

Create alternative lncome 
source 
Add agncultural 
product~v~ty component 

Protect adjacent forests 
Implement sustamable 
forestry 
Introduce ecotounsm 

Create alternative income 
source such as 
sustiunable forestry 

Employ transferable 
technology 

NIA 

Reestimate project 
lmpacts over short term 
Develop alternatlve 
umber sources such as 
plantatlons on margmal 
land 

Reest~mate project 
impacts 
Develop altematlve 
umber sources such as 
plantatlons on maranal 
land 

Develop alternative 
umber sources such as 
plantatlons on margnal 
land Introduce 
sustiunable harvest In 
buffer areas 

Reestimate project 
impacts over short term 

Reestlmate long term 
project impacts 

Develop altemauve 
umber sources such as 
plantatlons on margmal 
land 

Condit~ons Signaling 
Leakage 

Increase output but 
free resources for 
development on 
adjacent lands 

Decrease agricultural 
output 

Free resources for 
development on 
adjacent lands 

Decrease agricultural 
output 

Common property 
resource 
Offslte market demand 

N/A 

Decrease short term 
timber output 

Decrease long term 
tlmber output 

Decrease or halt tlmber 
output 

Decrease short term 
ttmber output - 
Decrease long term 
tlmber output 

Decrease or halt tlmber 
output 

Project Components 

Increased agricultural 
producClvity through 
green cover crop 
cult~vatlon agoforestry 
so11 consewahon 
practices or other 
measures 

Forest preservation 

Increased agricultural 
productlvrty 

Forest preservation 

Agroforestry 
Retafforestatlon 
W~ndbreaks 

Fuelstoves 

Sustiunable forestry 
(Reduced lmpact 
loggmg Natural forest 
management) 

Forest preservation 

Sustrunable forestry 
(Reduced lmpact 
loggng Natural fore5t 
management) 

Forest preservahon 

Pnmary Drivers 

Agricultural 
Land 

Fuelwood 

T~mber 

Potentlal Net Effect 

Moderate leakage 

High leakage 

Moderate leakage 

High leakage 
depending on where 
acuv~ty shifts 

Moderate leakage 
potential 

N/A 

Short term leakage 

Leakage through 
out project hfe 
(High) 

High degree of 
leakage 

Short term leakage 

Long term leakage 

Leakage 

Market Boundaries 

Subsistence for local 
use 

Local 
regional or global 
export 

Local use or regional 
market 

Local use 

Export 
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Application of the Index 

The case studies below illustrate how the dnvers of 
land-use change have (or have not) been addressed 
Successes and falures are compared in the following 
sections to show how project evaluators and designers 
can avoid leakage by project design, or identify those 
projects in which leakage appears to be unavoidable 

Agricultural Land Demand 

The Olafo and CARFM projects are likely to stabilize 
the agncultural frontler and rmnirmze or avoid leakage 
Both projects sahsfy demands causing land-use change 

The boundary of the Olafo project is regionaVlocal In 
the project area, land-use change is dnven by the 
conversion of forest to agncultural land for 
subsistence (21) Because the project decreases the 
amount of land required for agnculture it appears to 
have low or no leakage potential 

Figures 3 and 4 illustrate the difference in agncultural 
land required with and without the project Figure 3 
shows the "With Project" scenano, which reduces the 
number of hectares required for agncultural production 
by decreasing the amount of fallow time required 
Because less agncultural land is required, the pressure 
to convert the forest to agncultural uses dirmnishes 
Concurrently, natural forest management gives 
standing forests value, thus creating incenhves for local 
people to protect them 

The use of green cover crops and other techniques of 
the Olafo project are easily adaptable in other areas 
Therefore, the project will not shift resource demand 
elsewhere or cause imrmgration Market effects and 
actlvity shiftmg will be avoided because the pro~ect 
benefits are not concentrated but instead can be applied 
where they are needed The analysis may understate 
these benefits 

Figure 4 shows a potential shortage of agncultural land 
without the project because avalable agncultural land 
is scarcer than required agncultural land This shortage 
indicates that farmers may move beyond the project 
area in search of new agncultural land, thus increasing 
carbon ermssions outside the project area under the 
baseline scenano 

Both the shortage and the resulting increase in carbon 
ermssions elsewhere can be approximated By year 40, 
for example, the difference between required and 
avaslable agncultural land is about 500 hectares If the 
project region is surrounded by forest, the analyst may 
reasonably assume that an additional 500 hectares of 
this forest would have been converted to agncultural 
uses rn the absence of the project At an average 
biomass of 400 tons per hectare, an additional 200,000 
tons of carbon would have been sequestered by the 
project The same calculation can be made if an 
agncultural land shortage exists either under the 
"With" or "Wlthout Project" scenanos 

Logging and the subsequent expansion of the 
agncultural frontier for cattle production dnves 
deforestation in the CARFIX region The key to 
slowing deforestahon and avoiding leakage, therefore, 
is to provide an alternative Income source to cattle 
production 
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Figure 3 Olafo Required and Available Agricultural Land 
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Figure 4 Olafo Required and Available Agricultural Land 
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Olafo Baseline Required Ag Land hectares 
Olafo Baseline Avalable Land- - - - - - - - hectares 
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CARFIX proposes to generate income from selling 
carbon offsets and sustanably harvested timber 
Annual payments will be advanced to the landowners 
in the years preceding harvests Income substitution 
should be successful because landowners are voluntary 
participants in the project and have thus presumably 
decided that timber and the supplementary income 
provided by CARFIX can replace income from cattle 
production 

FUNDECQR, the agency implementing CARFIX, 
contends that conversion to cattle grazing produces 
little marketable timber Because the project will 
increase timber output, there will be no unmet timber 
demand (22) However, some activity shifting could 
result from reducing cattle production Whether cattle 
production is for export or for local or subsistence 
consumption is unclear, so fully assessing the leakage 
from decreasing such production is difficult The low 
leakage scenano would reflect essentially subsistence 
consumption, as increasing farmers' income would 
offset the need for raising cattle If the cattle are for 
export, leakage would depend on the location of the 
alternative production region and whether cattle 
operations can be intensified, or if addihonal land must 
be cleared to accommodate them 

Some activity shifting could also occur Although 
CARFIX does not displace farmers as landowners, the 
project does call for silviculture which may be less 
labor intensive than cattle production The danger is 
that between harvests farmers will cultivate additional 
land or otherwise expand their activities in ways that 
increase carbon emissions 

Carbon projects dealing with demand for agncultural 
land on the edges of standing forests must find a way 
to give those forests value In these areas agnculture 
and forestry can be used as substitute income sources 
and alternate land uses The tnck is to stabilize the 
agncultural frontier, encourage sustainable forestry as 
a way to earn income and avoid a one-shot mining ' 
operation and conversion to agncultural land 

Fuelwood Demand 

The Sudanese and CARE/Guatemala carbon 
sequestration projects illustrate both the problems 
associated with meeting fuelwood demand and their 
solubons The Sudanese project shows high potential 
for leakage, whereas the CAREIGuatemala project 
indicates a low potential for leakage 

The Sudanese project a m s  to ease a senous fuelwood 
shortage in an area where fuelwood collection is 
resulting in deforestation and rangeland degradation 
The project's goals are to increase agncultural 
productivity by irrigating gardens, and improving 
fuelwood resources by planting windbreaks and 
woodlots But these improvements, that are 
concentrated in a small area may encourage settling of 
nomadic people or livestock herders Such a 
population influx, as noted above, would deplete 
fuelwood resources and erode carbon sequestration 
gains as a result of market effects Leakage will be 
avolded if the project is able to expand tts scale, either 
by enlargng its boundaries and areas of activities or by 
employing transferable technologies 

To reach the relevant areas, CARElGuatemala 
expanded its scale to include most of the upland 
regions Like the Sudanese project region, the 
CAREIGuatemala project region was facing probable 
fuelwood shortages, which the project sought to 
address through woodlots and agroforestry Baselme 
projections showed that the initial conversion of forest 
land to agnculture would provide ample fuelwood 
However, once land conversion slows, fuelwood 
collection begins to degrade the remaining forest 
CAREIGuatemala's conversion of degraded land to 
woodlots and permanent agnculture to agroforestry 
increased fuelwood supply thus meeting most 
fuelwood needs Moreover CARE established tree 
nurseries run by local farmers which later became 
self-sufficient 

In this case, the methods of increasing fuelwood 
avalability and agncultural productivity were widely 
reproducible, and the project sponsor had the mobility 
to work at the country level, ensunng that project 
benefits could be diffused where needed 
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T~mber Demand 

In general, projects that constran the supply of timber 
will not reduce net carbon emissions as much as 
anticipated, because they will lead to activity shifting 
A model of world tlmber supply indicates that 
restrictions on timber supply in one region will likely 
lead to ttmber harvests in a different region (23) 
Because timber is internationally traded and can be 
supplied by many parts of the world, reductions in 
output in one place can be replaced by increases in 
another area 

However, the model's finding is based on decreasing 
output in North Amenca, where there may be fewer 
market imperfections The response to reduced output 
may be different in areas where government subsidies 
and poorly negotiated timber concessions result in 
incentives to over harvest (24) In these areas, projects 
that constran amber supply will not shift harvests 
elsewhere Because the harvests are induced through 
government policies, logging companies will not 
necessmly be able to find such profitable opportuniaes 
in other areas 

The Malaysta logging project amed to reduce damage 
from loggng while mantaning the same tlmber output 
as conventionally logged areas Because harvests are 
not the result of gross market imperfections and 
because the extracted timber was for a global market, 
mantaining timber output was the key to avoiding 
leakage However, output from the project site 
reportedly has been less than conventionally logged 
areas The shortfall will likely be made up by harvests 
elsewhere in the region, another part of the concession, 
or possibly from another part of the world, thus 
signaling leakage 

Evidence of leakage indicates that carbon should be 
recalculated but does not necessmly mean that the 
project is without ment That determnation depends 
on whether the project's net carbon savings and other 
benefits make it competitive with simlar projects 

on 450 hectares, malung the total shortfall 22 050 cubic 
meters Logging approximately 145 hectares 
conventionally (at 152 cubic meters per hectare) or 214 
hectares uslng reduced-~mpact methods (at 103 cubic 
meters per hectare) would make up for the 
reduction (25) 

Because reduced-impact logging techniques reduce 
btomass loss by 50 percent per hectare, as long as the 
number of hectares logged to compensate for the 
hmber shortfall is less than 50 percent of total hectares, 
the project still results In net carbon savings, although 
at a greater cost per ton (26) In additton, reduced- 
impact and sustanable harvesting techniques increase 
long-term forest productivity by protecting young trees 
The timber concessionare may need to compensate for 
lower yields in the near term but will be rewarded with 
higher y~elds in the future while avoiding costs 
associated with ennchment plantings (27) 

If timber demand is the pnmary dnver of carbon loss 
and the timber 1s for an export market, mantanlng 
output is imperative If timber is for a local market, the 
project may have an opportunity to provide an alternate 
timber source, or an alternate income source from 
nontimber products, increased environmental services, 
or, in the future-added value from sustainably 
harvested timber 

To recalculate the onginal net carbon estimate, the 
project evaluator needs to determne approximately 
how much area would have to be logged to compensate 
for the decrease in output The Malaysian project 
decreased amber output by 49 cubic meters per hectare 
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111. Recommendations 
This sechon gleans specific and prachcal 
recommendahons for reducing the uncertanty 
associated with forestry and land-use projects to 
sequester carbon Drawing on these recommendations, 
it provides conclusions concerning the selechon and 
evaluation of such projects 

Carbon Sequestrat~on Galns 

To protect carbon sequestrahon gains, there are two 
recommendahons concerning single projects versus 
portfolios of projects and ways to minlmize risk at the 
project level 

Joint Implementahon pilot inlhahves, such as those 
being developed by the United States, Canad4 Costa 
kca, Guatemala, Panama, Japan, and Australia, should 
encourage the use of and provtde zncentzves for the 
development of broad a d  dlverse portfollos of carbon 
sequestratzon projects Such portfolios will both 
provlde a better knowledge base from whlch to judge 
the efficacy of projects and w~ll reduce the impact of 
individual project falures, which is magnified by 
investor-contractor bilateral relationships 

Several power companies, such as Applied Energy 
Services and New England Electrrc in the United 
States, have begun exploring isolated carbon 
sequestrahon pilot projects implemented on a bilateral 
basis under an mnvestor-contractor type oi relahonsbp 
Such projects are inherently nsluer than portfolios of 
diverse projects supported by multiple investors If a 
single power plant funds a single carbon offset project, 
as in the AES-CAREfGuatemala case a project falure 
causes the investor to lose all carbon offsets By 
contrast, a diversified portfol~o offers a hedge aganst 
the risks of a single project falure 

To mzntmzze rtsk at the project level, project sponsors 
should ensure thm local people are stakeholders, that 
the project zs rooted tn local tnstttuttons and that 
project managers have the approprtate expertence and 
capacaty to effecttvely tmplement the project at the 
scale proposed These recornmendabons derrve from 
previous WRI work on carbon sequestrabon projects 
and have been further relnforced by current case 
studies (28) These studes mndicate that successful and 
cost-effective projects link forestry with rural 
development and local needs 

Key Parameters 

To appropriately define key project parameters, there 
are two recommendahons concemmg the need for 
project interventions and the length of project durahon 

Baseltne assumpttons about the obstacles to poszttve 
changes tn the absence ofproject tntewentzons must be 
conv~ncrngly substanttated Baselme assurnphons 
generally fall Into two categorres they assume loss of 
btomass or an absence of growth of bmomass In all 
cases the baselme should be defined on the basms of the 
root cause of forest loss or the inabilmty of the land to 
naturally regenerate The two examples at emther 
extreme are preservation projects, wbch assume 
deforestation, and tree planhng projects, whch assume 
little or no regenerahon 

As the Leakage Index showed, forest preservahon 
projects nsk leakage if they contan no other project 
components However, carbon sequestrahon w~ll be 
incorrectly eshmated if care is not taken with baselme 
assurnphons Idenbficahon of causes and trends of 
deforest&on should be based on regmonal, not nabonal 
trends 
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Similarly, tree planting projects nsk erroneously 
assuming a lack of regeneration They often take for 
granted that the trees planted and their associated 
growth can be fully clamed as biomass that would not 
otherwise have existed They often do not subtract the 
biomass that would have accumulated naturally In the 
absence of the project Except in the most extreme 
cases, the aiternatlve would never be zero vegetation 

Recommendatlon 4 

The project s tlme horzzon should be tted to the 
mznzmum plauszble amount of ttme requzred for carbon 
to begzn cyclzng out of the atmosphere Following this 
recommendation would help ensure that the project 
truly minimizes the potential for global warming 

Involving a local mstituhon In project development and 
monitonng will glve the project credibility and create 
incenhves that ensure its longevity Alternatively, a 
governmental agency (such as the forestry or 
environment mn~stry) within the host country could 
monitor and guarantee the vrability of a group of 
projects, thus further reducing the nsk through the 
portfolio approach However, such an arrangement 
would be subject to the inst~tut~onal constrants and 
weaknesses that may exist within governmental 
agencies 

Project Deslgn and Boundaries 

Recommendation 5 

Projects should be deszgned to satisfy the primary 
demands drzving land use change Addressing 
demands leading to land-use change w~ll  avold leakage 
and result in greater carbon sequestration gains 
Projects that have identified and dealt with the root 
causes of land-use change had credible baselines and 
therefore avoided leakage attnbutable to erroneous 
baseline assumptions 

Recommendation 6 

Projects should use transferable technologzes so as 
not to restrict soczal benefits to a bmzted area The 
Olafo and CAREIGuatemala projects introduced green 
cover crops and agroforestry, respectively, to address 
the causes of land-use change These technologies 
have ensured that the projects' benefits could be 
duplicated elsewhere, thus avoid~ng leakage from 
market effects, potentially Increasing carbon storage 
and creating local incentives that help guarantee project 
success 

Recommendatlon 7 

The deterrnznatzon of project boundanes should be 
based not on the area of project actzvztles but on the 
spatial relatzonshlp between the demand drlvlng land 
use change and the supply source The use of this 
relationsh~p to help ident~fy project boundanes w~l l  
help avo~d act~vity shift~ng because it accounts for a 
project's complete sphere of influence The Leakage 
Index provides a useful guide for detennlning a 
project's spatial bounddnes to correctly estimate net 
carbon sequestered Thinlung In terms of supply and 
demand will also help identify residual demand, which 
must either be ~ncorporated Into the net carbon 
calculation or if possible, the project des~gn 

Recommendation 8 

Condztlons resultzng In leakage should be antzc~pated 
at the front-end of project deslgn to avold leakage 
effects Use of a loglcal framework such as the 
Leakage Index, may help to systematically address the 
potentla1 for leakage As the Index indicates unmet 
demand will result in leakage, and will not sequester as 
much carbon a$ estimated Project designers must be 
sure to remember the fundamental rule of economcs 
markets w~l l  adjust to changes In supply and demand 
If projects restnct supplies, other sources of supply will 
be found and potentially nullify the carbon gans 
claimed by an ind~vldual project 
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IV. Conclusions 
A successful project that sahsfies the demands leading 
to land-use change, and offers social benefits can 
effectively confront deforestation Such projects are 
more successful in terms of estimating carbon 
sequestration and providing significant ancillary 
benefits The case studies and the Leakage Index 
descnbed above provide useful tools for selecting 
carbon sequestration projects And the eight 
recommendations can greatly reduce the danger of 
leakage 

The increase in tree planting projects relative to other 
types of projects is unfortunate This trend, wh~ch will 
reduce options for expenmentahon, appears to be 
based on the erroneous assumption that tree planting 
projects are easier to measure and less prone to 
leakage Tree planting projects will have a greater 
impact when they are employed as an alternative to the 
destruction of pnmary forests for timber or fuelwood 
use 

UCS is a carbon accmang devtce that the invatmgcountnes, whereas the If S -funded Bemuse of the data dxfficultres aab &eore~lcal 
compares project lntemenooos to a bmW projects wwe dtscouoted at 5 percent The uacemhes muolved, cast-benefit analyss 
seerno The model esmm the amount of catbon was not discounted s h d  mt be the final word on s e q w m n  
carbon s~questexed by appmunmg Imd use projects In pmouh,  the choxce of a d8swunt 
and re&@ biomass changtts on the Iandscape Cost benefit anatysls 1s geaerally a useful tool rate a r m s  a h a y  mdyrical &den it 
ovef W e  with a i d  wxtlwut tiLe pm~ect These for bughhghg choices and maZung each reprewnts equity xntwge~emonab effects 
Changes ate dnyen by key van J I B  such as projects assvmptlan& @miparent It m ltead C (which wdl b pLtrhculpr1y acutr: WI& regard to 
pqp!mn growrh and the maccpmpanymg food more Vlformed dmslon rnakmg- Bstrmates of global wanmag) nsk ailersl* aad net swat 
md fuel needs ag~rtc-al p&&mv the cost per ton of caxbon q m e d  can be w& Xn additton, c a s t - M t  rnaEys.1~ c m o t  
~ l o g i c ~ E h a n g e ,  utwd use,& hanteshng u s w  m comparing dissimilat prqjects fony Incorpotate ndnmarket s o d  and 
pmtwi Typtcally the project wlll seek a afler However such cornpansons can also be e n v l r o ~ ~  benefits, such as bradrvemrty 
tbse mteracttlons, thus chang~ng carbon flows mhdhg A sm& number often masks a host mcreases in the qn&y of ttfe, or watashed 

of wsumpuons, each wttb rts own i8fecrs and pcotecuon whrch are o h  ommd demm m 
Tabte 3 +summam wt carbon esmates usxng underlyxng valuejudgmnts By contrim cost- cabon s e q u e s w n  projecB 
LUCY as weU m tk results d a ampfe cost benefit analysls IS sensitive to a s m p m  attout 
benefit anatyw Project costs %r FACE .rmd Qwmt ram dte pnce af carbon, and the tnae 
CIIafo were Iscounted a 4 perma the mte far honzon used to analyze the pmject 

Table 3 Case Shrdy Summds 
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Protecting existing carbon sinks by preventing 
deforestation 1s more cost-effective than creating new 
slnks The cost-per-ton compmsons in Box 3 show in 
every Instance that tree planting is more expensive than 
preventing deforestation The Olafo project and 
CARFIX, both of which focus on the latter activity, 

cost 28 cents and $1 46 per ton, respectively In 
contrast, the Krkonose project and RUSAFOR, in 
Russia, both of which focus on tree planting, were 
estimated to cost $4 37 and $1 79, respectively The 
findlng that the costs for forestahon projects are greater 
than the costs of retardmg deforestation IS supported by 
a recent Harvard study (29) 

Projects designed to satisfy the demands dnvlng land- 
use change, thus preventing deforestation, provlde 
benefits to a wide range of communities These 
benefits include goods, such as timber, and services 
such as watershed revitalization, biodiversity habltat, 
homes and sustenance to indigenous peoples, and, of 
course, cllmate regulation Many of these services are 
not quantified in the marketplace As a result, standlng 

forests are often undervalued Furthermore countnes 
with high rates of deforestation--such as Brazll, 
Indonesia, Sunnarne, and Russia--most need to capture 
the full value of forests (30) 

Carbon storage benefits are a potent~ally important 
element in the valuation of forests (31) The 
~ndustnalized world can help encourage the sustanable 
use of forest resources by paying for the benefits it 
receives Forestry and land-use projects amed at 
captunng these benefits wlll provlde only a small 
portion of the total needed greenhouse gas reductions, 
but prelnmnary evaluations of their worth and potential 
are encouraging (32) Properly designed projects offer 
low-cost greenhouse gas nutigation and provlde 
reliable carbon sequestration estimates Their nsk of 
fsulure 1s also reduced Expenmentation with a broad 
range of land-use projects should be encouraged, 
especially under the pilot phase, to determine which 
projects are most rellable and promising 
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