N

- .- -\'.A - -
L o SR

The Financial Costs of REDD:
Evidence from Brazil and Indonesia

Nathalie Olsen and Joshua Bishop

Full report

RioTinto



About IUCN


http://www.iucn.org/

The designation of geographical entities in this book, and the presentation of the material, do
not imply the expression of any opinion whatsoever on the part of IUCN, IIED and UNDP
concerning the legal status of any country, territory, or area, or of its authorities, or concerning
the delimitation of its frontiers or boundaries.

The views expressed in this publication do not necessarily reflect those of IUCN or Rio Tinto.

This publication has been made possible by funding from Rio Tinto

Published by:

Copyright:

Citation:

ISBN:

Acknowledgements:

Cover design by:
Cover photo:
Layout by:

Available from:

IUCN, Gland, Switzerland

© 2009 International Union for Conservation of Nature and Natural
Resources

Reproduction of this publication for educational or other non-commercial
purposes is authorized without prior written permission from the
copyright holder provided the source is fully acknowledged.

Reproduction of this publication for resale or other commercial purposes
is prohibited without prior written permission of the copyright holder.

Olsen, N. and J. Bishop (2009). The Financial Costs of REDD: Evidence
from Brazil and Indonesia. Gland, Switzerland: IUCN. 64pp.

978-2-8317-1206-2

Special thanks go to Stuart Anstee, Rio Tinto, and David Huberman,
IUCN for their constructive and insightful comments at various stages.

Nathalie Olsen
IUCN Photo Library © Johannes Foérster
Nathalie Olsen

IUCN (International Union
for Conservation of Nature)
Publications Services

Rue Mauverney 28

1196 Gland

Switzerland

Tel +41 22 999 0000

Fax +41 22 999 0020
books@iucn.org
www.iucn.org/publications

A catalogue of IUCN publications is also available.

Please send any comments to Nathalie.olsen@iucn.org



The Financial Costs of REDD:
Evidence from Brazil ard Indonesia

Nathalie Olsen



Opportunity costs of forest land

Compensating governments and/or land owners fapihartunity costof conserving
foressis likely to be the lagtsinglecost component of any REDD schem&suming
it is paid The opportunity cost of forest conservatitay be defined #se net income
per hectare per year or net present value (tiBM}psacrificed as a resultnaiiogging
(or logging moreustainably) anotconverting land to agricultu@pportunity cosis



Implementation and transactions costs

Thesecond major component of the costs of REDBym@ementation and transaction
costsThispgper considers themsts associated with search, negotiation, verification,
certification, implementation, monitoring, enforcement and insunaplementation

costs are affected by economies of scakaayakpending on whethBREDD policies

and measusearenational or projedbasedimplementation and transaction ceses
expressed in terms of cost per@Me andadded to opportunity cost estimgtespite

the fact that this may not be practical for project implementation which would operate
on a [er hectare basis)

Empirical estimates of the implementation and transaction costs offfiRédebted

here are based emperience witRayments for Ecosystem Services (PES) projects,
otherclimate change mitigation projects, simulations and the obsstsead c

implementing Sustainable Forest Management’(Re@nt studies suggest that there

are significant economies of scale and that large projects and programmes have lower
implementation costs per uoiitemissions avoided (measured in @Dg).

Transaction costs, on the other hand, are likely to be more fixed than variable.
Experience suggests that transaction costs will be greater for smaller projects than for
largemrojects and also greater for a large number of small transactions versuss a small
number of larger transactions (Bérner and Wp20@®).

Distributional issues and implications for costs

The distribution ofhe cost and benefitd REDD amongst different stakeholdert

affect the net cogaind ultimate success) of investmearfREDD. To datethe

distribution of benefits of mMoBES schemesh been characterised as neutral, at best,
with respect to povertlfor example, small landowners and the poor may be
marginaliseftom PESdue to high implementation and transactiors cpsorly defined
land tenure, and lengthy, complicated administrative procedures. Moreover, there may be
an equityefficiency tradeff; for examplanvestmenin the Clean Develament

Mechanism (CDMMpastended to focuen low cost emissions reducidhrough the
adoption of cleaner technologies in China and Witherelatively limitebdenefits for

local peopleAlthough the unit costs of carbon abatement via REDD would most likely
increase with efforts to integrate equity and poverty concesasntneased costs need
to be met in order to ensure the delivery of project or programme Gutplesd this
expenditure is likely to be highly exf&ctive.

This study adopts US$1/ton ¢&as a rough global estimate of implementation and
transactiorrosts. This estimate is derived in Boucher (2008) and is based on the

aggregation of stdets of implementation and transaction costs from a range of studies:

Antinori and Sathay&2007) estimate of transaction costs (US$0.38/tga), CO

Nepstackt al: {2007) implementation cost estimate (US$0.5CMpe and Grieg

*UDQ -V KLIJIKHVW DGPLQLVWU W4 videvR &tdtalHV WL P D W F
of US$1/tonCO.e. While there is some overlap in the components of this sum, a small

degree of doubleounting ensures that the estimafteaaservativgIn parallel, in a

TEDFN RI WKH HQYHORSH:- FDOFXODWLRQ 6RKQJHQ F

2 See Wunder arilban 2008 Mayet al.2004; Cachet al.2005; van Kooten, 2Q@htinori and
Sathaye007 GriegGran 2006 Boucher, 2008



costs of REDD based on the budget of the USDA Conservation Reserve Program
(CRP) and, coincidextiy, also estimates these costs at about US$1/ten\@hile



plantations, sriholder farmingnternal migration and governmspbnsored
resettlementndustrial timber plantationsainlysugply the pulp and paper industry
Rising commodity prices have acatddrthe conversion of forest foe production of
cash crops, notaljylm oillllegal logging issagnificant problem whilerest fires
destoyed over five million hat forestin 1994 and anothdr6 million ha in 19998.

There are also important indirect drivers of deforestatindonesiaOverthe last few
decads, rapid economic growth has seen the emergence of a powerful class of
landowners whose interests are often in conflict withssral@dndusergSwallowet

al, 2007)The fall invalue of théndonesiarturrency during the Asian financial crisis in
1997 provided additional incensite@ convert forest to export tree crogsch as oll

palm, rubber, cocoa and cofféempetition between migrants, indigenous people and
large investors accelerates deforestation on islands with greater populatiengdensity
SumatralLogging is a powerful driver of forest degradatiarit@rislandse.g.
Kalimantan

Including incentives to reduce forest degradati@&DD is particularly important for
Indonesiawhere forest degradation may be a larger soUs¢#@eEmissions than
forest conversionndonesia containso€ DOl Rl WKH ZRUOGWICWURSLFDO S
are extremely rich in carbémrecent decades, these ecosystems havwsideln
cleared and converted to oil palm;dastving tree plantations ftvetpulp and paper
industry, large scale irrigated rice and small scale agiiastjeoarbon emissions
occur when peatlands are burned or eldaim a study of three provinces (East
Kalimantan, Jamhiampung), Swallogt al(2007 find that the ecaymic returns from
conversion of peatlands are very lehile carboemissionarevery highThe
conservation of peatlands is thusmy lowopportunitycost carbon abatement option,
which has attracted wide attention as a priority for REDD investment

As opportunity cost estimates perdbO,e are highly sensitive to estimatethef

carbon content of forest, this paper uses data from both the Alternatives to Slash and
Burn(ASB3}¥tudy (high carbon scenario) and the FAO Forest Resource Assessment
(FRA) (low carbon scenari®ased owlata from the ASB study, returns to land are
adjusted by the net change in carbon storage per trettaesultérom land use

change. The net change in carbon is defined as the difference in the carbon content of
undistirbed forest and the carbon content ofalternativéand usdi.e. slash and burn
farming) forthe for high carbon content scenatrowever, for the low carbon content
scenariogarbon conterdataon alternative land uses is not availdblinis cas, it is

assumed that the carbon content of alternative land uses is zero.

The highest opportunity castREDD in Indonesia occurs where forest conservation
competes with palm oil production. Opportunity costs rangeJgmh49/tonCO,e

for small holdefarmingin Sumatrapto US$19.6/tonCO.efor conversion of

degraded fost land to palm oiMost palm oil productiogenerateeturnsequivalent

to USB327/ton CO,e.Logging (unsustainable) is the next pditable land use
Assumingacarbonconter of undisturbed forest @00 ton/ha, opportunity costs range
from US$H1.65LC0,e for commercial logging in Sumatr&&$3.44ton CO.efor
unsustainable commercial logging in Southeast Asia and théBBatrHidsistence
agriculture and cattle ranchivaye low rates of retummIndonesiaexpressed as costs
per tonCO,e, most estimates are close to zero (and negative in some cases) due to low
per hectareeturns andhelow carbon content of these land uses.
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The sensitivity of the results with redarcarbon content estimatgdoth undisturbed
forest and the land use following deforestatiolerscorethe need to assess carbon
stocksat a local leveals there is significant variation within forésiding US$1tbn

CO.ein implementation and tratsion costs tthe opportunity coséstimates reviewed
hereincreases the costs of avoided deforestation significantly. However, the cost of
abating carbon emissions based on REDD in Indonesia remaind $16iton CO.e

for most land uses and belo@5ton CO,efor many land uses.

The Costs of REDD versus other carbon abatement opportunities

Empirical evidence on the financial returns to alternative land uses on recently deforested
landin Brazil and Indonessaiggestthat avoiding emissions from de

vii



McKinsey & Company (2008eglobal estimates to compare the-efisttiveness of a
range of carbon abatement opportunitiessaa@ll sects (sed-igure 18 The estimates
reviewed in this study $s estimateare convertehto euro at the 2005 exchange rate
of USP1=1.25 EUR) are consistent withr . L Q \eldtimates for reduced slash and
burn agriculture and reduced pasturetandersion at less than EUR 5/100.e.

These abatement opticaggpear to benore cost effective than many +iorestry sector
abatement opportunities such as sakengg wind energy, carbon capture and storage,
etc.Moreover, abatement based on redsleetiandburn agriculture and reduced
pastureland conversion is more cfist#ve than all other forestctor abatement
options, e.ghe restoration alegraded landfforestatiorof pastureland, and
reforestatiomf degraded foredin line withthis reviewMcKinsey find thathe costs of
abatement based on the reduced conversion of forest to intensive agriculture are higher
and cannot compete with solar and wind power, for ex&toplever, it must also be
acknowledged thatdaldataand indeed ma of the published estimates of abatement
costs, do not measure risk consistently, i.e. the reliability of different abatement
strategies.

Thereis a wide range of estimatethefcosts of carbon abatement strategies in the
forest sector anof REDD in particularMuch of the difference is due to the fact that
microlevel estimates, based on particular local conditions, more acaytaiey
variation in local opportunity costhistype of information is critical to gujolgblic

and private investoseeking to develop forest carbon projects and REDD activities in
particular areaBor many stakeholders, global estimates giodataverages do not
providesufficiently accuragstimatesf the relevant costs and risks.

The ley findings of this reaiv may be summsed as follows:

e There issignificanariation in per hectare opportunity costs in Brazil and
Indonesia, reflecting differences in local conditions, land use and proximity to
transport infrastructure and markBl&tional, regional andghl averages are
of limitedusefuhesdor determining where REDD is most eeffective.

e There isignificanvariation in the carbon content of forest land at national,
provincial and local level. Moreover, there is some inconsistency between
publishedestimates of carbon content, based on the application of different
methodologiest is therefore essential to not only estimate local opportunity
costs, but also to measure carbon content on a local basis.

e A review ofempiricabpportunity cost estimatesggests that REDD is
competitive wittmostland uses in the Brazilian Amazon and many land uses in
Indonesia at @arbonprice of less thadS5/ton CO,e.REDD iscompetitive
with most land uses Indonesia dt/Sp10/ton CO.e. Subsistence agriculture and
most livestock production systems are characterized by very low returns in both
Brazil and Indonesibogging and cash crops generally exhibit higher
opportunity costs.

¢ While implementation and transaction costs add rdugbiyton CO.eto
opportunity cas, these additional costs are not so large as to make REDD (or
other forest carbon activities) financially unattractive relativeflorestrsector
carbon abatement options.
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The Financial Costs of REDD:
Evidence from Brazil and Indonesia

Nathalie Olsenand Joshua BishoplUCN *

1 Context, rationale and analytical framework

1.1 Introduction

Opportunities to mitigate climate change by reducing emissions from deforestation and
forest degradation (REDD), especially in developing countries, have risen to the top of
the international climate policy agenda, attracting increasing attentioesémeniv

from environmental organizations, development assistance agencies and the business
community. Deforestation is one of the largest sources ofggkdraiouse gas (GHG)
emissions and produces about 17 percent of total emis3@BsZ00y Thereis

growing consensus that REDixyoffer a large pool of relatively toast emission
reductions, which could significantly reduce the costs of nt@dtgeduction targets

(see Beinhocket al.2008 Stern 2006 GriegGran,2008. However, proponents

REDD are still striving to win political endorsement for the approach as a compliance
mechanisnThe potential of REDD and other labdsed carbon storage and
sequestration opportunities as pag pbst2012 climate change regmemains

uncertain, ipart due to lack of detailedormation on the likely costs associated with
forest carbon projectsnd REDD programmes in particular.

This desk study reviews the financial costs of aBiliGgemissionthroughREDD

from the perspective of an insiibutal investor seeking cestective abatement

options. The objective is to investigate the main factors that determine the costs of
REDD and toassesthe range of likely costs in countries and regions where the
potential to deliver significatiatementhrough REDD is greate#s such, this review
seekso contribute tahe current debate on the design and costs of REDD by focusing
on fieldlevel empirical issues and data and on finaattiak than economicosts, i.e.
actual costs to individuavestors.

A number ofstudies on the costs of REDD attempt to estimate the foresttacba
couldbe conserved or the volumeQ, emissionsvhich could bavoided given a
fixed global budget, i.e. how much cadaymemain fixedn existing foreststa carbon
price ofUSEX /ton or how many tons o0, equivalenfCO.e)emissionsanbe
avoicedfor a global budget &fStX million?The debate on REDD within the
UNFCCC is working to determine theest of nationally appropriate mitigation actions
(NAMASs)for REDD that areneasurab)eeportable, and verifiable (MRNYwever
microlevel analytical stegdifocsging specifically on natiormllnationakind project
levelcosts of REDD are not commuathis paper attempts to begin to fill thislgap
proposng a simplérameworkand reviewing data availdbleBrazilandindonesia

3 . :
Please send any comments to nathalie.olsen@iucn.org



The paper reviews empirical work which suggests that the costs of REDD lie in a range
from US$2



REDD focus on the accountitgyel of an international financing mechanism for

REDD, but the level of implementation is less important as a Ré&gdecould

include both nationally implemented projects and a national REDD strategy that credits
projects implemented by oth&snilany, a sub/national project approach to
implementation would benefit enormously from soatidnal REDD policies

(Angelsemnd WertZzKanounnikoff 2008)

lntavimatinm=l .
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Figure I REDD as a multi-level Payment for Ecosystem Services scheme
Souce: Reproduced from Angelsen and \Akatmunikoff 2008.

Within the UNFCCC, discussions surrounding REDD began in earnest in 2005 with

RED, i.e. limited to deforestation ofilyscussions expanded to REDD to include forest
degradation and have sinceubetg consider forest conservation, sustainable forest
management and enhancement of carbon stocks (REDH2#¢. is currently a general
consensus that a REDD mechanism should cover all forests and onhAfugetssy(

Brown et al.2009 although digaeement over how to define forests renders this

consensus somewhat tenuous. There is still disagreement over whether there should be a
primary set of measures addressing deforestation and forest degradation, and a
supplementary set of meastioe other brestbased mitigation optiorisis also not

clear whether Parties to the UNFQ@&€an ‘enhancement of forest carbon stocks



Table 1: Possible scope of mitigation activities to be included in REDD
mechanism

Changes in: Reduced negative change Enhanced positive change

B e L e - e me

e e e L el

Source: Reproduced from Arsgel and WertKanounikoff, 2008

With regard to the scope of REDDistpaper focuses printgion the cost of avoided
deforestatiomnd avoided degradat@s this is theubjecbf most of the reviewed
microlevelstudiesUnfortunately, it is not always clear in empirical studies whether it is
the costs of avoided deforestation or degradaabare being estimatéuthis review
opportunity costs agenerallgstimated based on the conversigorimary forest to
agricultural uses. Forest degradation is covered in a limited manner for Indonesia in the
discussion on the conversion of @t to agriculture.

While forest carbon projects may fall withenstope of RED, there are criteria which

will determinghe eligibility oforest carbon projects for REDD financirigeakage an
important issue
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Table 2: Potential leakage channels for REDD
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Source: Reproduced from Angelsen and Wartpunikoff 2008

In addition to leakage managemBEDD programmes will almasrtainlynclude a
criterionfor additionalidditionality requires thavidence be provided that long term,
measurable GHG emission reductions would not have occurred in the absence of the
project, policy or activityhis implies thahosewho have already invested in
conservation of forest land or restoration of degrfadest land will not be eligible for
inclusion in a REDD programnihis may have implications for private investors, who
will have to demonstrate a clear and verifiable threat to forest land selected for REDD
relevant project activities.

In summary, weto issues of scope, leakage and additionality, many investors in forest
carbon may find that their activities do not qualify for REDD finafid¢ieglegree of
restrictiveness of a future REDD regime is currently taking shape, but many of the
details remaito be fleshed ouHoweverit is likely that therare opportunities for
receiving carbon credits for forest carbon activities outsitNFQfCCREDD

discussions as witnessed by the expanding volume and value of forest carbon in the
voluntary carbon maekBecause it is currently difficult to know the precise future
requirements fanclusion of forest carbon project iIRBDD regimethis paper refers






specific to a regiand reflect local conditions and costs; as a result, these estipates
significantly across localities and regfoascond approhds to derive estimates based
on generic or average production costs per hectare or per ton agricultural output.
Average costsay be calculated on the basis of data from other cquntries



ton carbon (US$/ton C) are converted tamet per torCO,e (US$/tonCO.€) using a
standard conversion factor of 3.67. Expressing opportunity costs pec@a of
enables comparison with other climate mitigation options and with prevailing carbon

prices. All net present value estimates of opykyrteosts have been converted to 2005
US dollars, for ease of comparison.

1.3.1.2Primary commodity prices


http://www.imf.org/external/pubs/ft/weo/2009/update/01/index.htm

Figure 3 Selected primary commodity prices, 1982009 (nominal prices)
Source: Rta from IMF primary commddiprice database accessed March 2009

The opportunity cost estimates in this review are basathorollectedetweerl997
and2008 expressed 2005 U$. To take account @hanges; commodity prices,
opportunity cosestimates are adjust€ertaincommodities exhibit a high degree of
price volatility (soybean, palm dil)these casesommaodity prices in the year
opportunity costs were estimaseecompared to long ternverage priceH thereis a
significant differencee. 1(percentpppotunity cost estimateseadjusted by the
percentage prickfferencegpalm oil, beef, rubbe¥yhile beef prices are stable, the
average 1997 price is roughly 20 percent lower than therorg0062009) histocial
average pricH prices at the timgpportunity costwere estimatedere highethan the
long term average commodity price, no adjusteraatie(soybean, loggingstimates
for nonttraded sectors, i.e. subsistence agriculture were also not adjusted.

Future primargommodity prices wilindoubtedhaffect thecosts of REDD. vestors

face this uncertainty along witierisksassociated with othencertairfactors which
generally affect investment deciswhgch involve decisions today based on current
conditions andncertairreturnsin the futureHowever, investments in REDD and

other carbon abatement opportunities may actually be subject to less price volatility as
governments may be more likeltate actiono stabilise carbon marketstake

indirect actions to support the carboarket than more traditional commodity markets.

1.3.1.30ne-off timber harvesting

When forests amnverted, the harvest of timber has costs and bdhéfitber
resources are commercially valuable (this depends on the species, quality and proximity
to maket9 there arsignificant net profits in the first year of forest conversion.



fo8KR3ieventie

GriegGran (2006 addresses thissudn detailHer estimation of the opportunity costs

of land is based dhree different scenarios: 0%, 100% and a country specific share of
returns to on®ff timber harvestinghich have to be compensated as part of land
conversionTheissue of whe#r to include timber harvestewgd pasture establishment
costsdepends very much oountry specific drivers of deforestationtardand use
trajectory following deforestatidfor example, studies in tropical Afri€at{o-Sameet

al, 2000 Osafq 2005 cited in Griegsran 200§ do not include timber revenues

because deforestation is primarily driven by smallholder agriBattatsarber
rightsbelong tahe State and sntadlders are only allowsxlharvest for own use,

timber idrequentlyburned rater than soldA similar situation is found in parts of
IndonesiaTomichet al 1998in GriegGran 2006 )lthoughwith the recent significant
expansion of laregeale palmil monoculturesmallholder agricultuneay no longer be

the main source of deforestatiom the other hand, in Brazil, timber harvesting is
sometimes included (Borner and Wur&; Nepstacet al.2007) and sometimes
excluded (Borner and Wund®08&; Vera Diazand Schwartzma2005Margulis 2003
cited in Griegsran 200§ depending on land uses and land use trajectories doalysed
particular region¥he ASB study for Indonesia excludes returns tofbtienber

harvest from its calculatiosimply because the returns to timber harvest dwarf the
returns to land uses that follow timber harvest which makes it difficult to compare the
returns of alternative land usewdllowet al.2007.

1.3.1.4

1C



For investors whhold property rights over forest land, theslef threat facing a forest
maynot be directlyelevantHowever, for investors seeking to obtain access to forest
land thdevel of thrat will be important and wiflove in linavith opportunity costs.
Forest land with climatic and soil conditions suitable for agriculturemoliebe

11



calculated based on the differandbe carbon content &frestsand the carbon
content of thealternativéand use

1.3.1.7Cost curves versus point estimates

An increasing number of studies estisdply curves (prices) and cost curves which
reflect changes in prices and castfse amount oémissionmeductionchangesather
thancalculatingoint estimates ofast/ton CO2eavoidedUnit costs are not single
constant values but differ for each quantity of redudtistherefore usefiivhen
possibleto estimata supply curve which graphs the quaniti@O2esupplied against

12






various stages of REDD would be useful to complete the table withndjitaive
estimatedS$/ha), but there is currenlilfle empirical datavailabléo do so

Table 3: Typology and distribution of implementation and transaction costs

Implementation | Description Fixed/ | Costincurred | Costs incurred by carbon investol

and transaction variable | by carbon selle

cost cost*

Search Costs incurred in | Fixed -cost to find -EURNHU:-V IHHYV
seeking project buyers -charges for information services
partners -cost of advertising willingness to

invest
- baseline
Negptiation Costs of partners Fixed -legal costs

reaching an
agreement

-costs of project design
-distribution of responsibilities

14



1.3.2.2National versus projectbased REDDimplementation and
transaction coss

Implementation and transaction sdet project levédREDD activities borne by
individual grouparea subset of the costs for national and international REDD
programmes.

1t



1.4 Empirical estimatesof implementation andtransactioncosts of
REDD

1.4.1 Project-based costs

Little data is available on implementation and transacsitsmof Byments for
EcosystengervicegPES)schemes, and ex anséraatehavefrequentlybeen

inaccurata/Vhat is known, however, is that transaction costs for a large number of small
volume transactions are likely to be,lsiglare transactions in immature markets

(Borner and Wundg200&). Early carbotbased PESthemesn Brazil and Bolivia
experiencedery high transaction costs in large part due to the uncertain market
environmenand restrictive carbon market rijdayet al 2004) Other studies (Cacho

et a].2005 inastudy of carbon projects in Indoneb@je found large start up cdsis
relatively lowecurrent costs.

Some research suggést transaction costs account for a quarter of the costs of
providingecosysterservices3langeet a] 2008discussed iman Kooten200§. Other

studies (Bérmeand Wunde2008b) find that the opportunity costs of forest

conservation are large relative to potentmémentation andansaction costs and
excludahesecosts frontheircalculations due to the paucity of data and the speculative
nature of includg quantitative estimates of transaction ddstssection below looks at
empirical estimates the project, sectand nationdevelcosts Table 4summarises
availablempirical estimates of implementation and transaction costs from projects from
Paynents for Ecosystem Services (PES) projects.

Table 4: Summary of transaction and implementation costs for PES projects

Project Country | Transaction | Start | Recu | Imple | Administr | Source

or up rrent | mentat | ation

implementa | costs | cost ion costs

tion cost $/ton

$/ton COe $/ha | $/ha | costs CO, e
11 forestry offset | Global 0.38 (0.03 Antinori and Sathay20073.
projects 1.23) Transaction costs.
Pimampiro Peru 76 7 Wunder and Alba(2009
watershed
protection
PROFAFOR
carbon

16




In astudy of 28nitigationprojects §voided deforestation, affded®n and other
offsetg worldwide Antinori and Sathay2007 estimatehat average transaction costs
for eleverforestry ofset projects i8S$0.38/tonCO.€; transaction costs ranfyjom
USB0.03/tonCO,e for large projects tdS$1.2&on CO.efor smallprojects.
Transaction costgere estimated to bmver for large projects than for smpadijects
and foresy projectshavelower transaction costs than HorestGHG projects
Trarsaction costwerehigher for projects in South Americarttelsewhem@nd lower

for energy efficiengyojects and projects Asia

Focusing on transaction costs in PES schemes in Latin America, Wunder and Alban

(2008 assess the costsanfiatershed ptection programme Pimampirdn Ecuador,

with start up costs of US$76/ha and anre@lrrent transaction costdt8$7/haAlso

LQ (FXDGRU 352)$)25.-V FDUERQ VHTXHVWUDWLRQ SURJUI
estimated d1S$184/ha with annual recurrent teenti®n costs of US$3/ha.

Nepstacet al(2007 estimatemplementation costs including project level and national
levelcosts At full implementation of a REDD programme in the Brazilian Amazon
implementation costs du&h0.5&on CO.e.

Administratiorcosts estimated by Gr€gan (2006 range fromJS$4215 per hectare
($0.0120.04ton CO.e) This estimate is based on national level payments for
environmental services schemes in Costavigikigo and EcuaddCosts include
administration costs of thaaéministering the schemes (e.g. FONAFIFO in Costa Rica)
and costs incurred by PES recipients in the application pfocessudy also finds that
small schemes face high transaction costs due to the large fixed cost elé¢hagnt, and
there are significaeconomies of scale.

In order to get an aggregate measuragéémentation anansaction costspBcher
(2009 sums

17



ways ¢ generate foreign exchang8razilother than ranching and soybean production
even though other land use might not be as profitable on a per hectare basis.

An aspect of REDD which has been predicted to cause transaction costs to increase is
the needdr clear identification and definition of property rights over foresf&and.

forest carbon credits go to land owners via contracts between carbon investors and land
owners, the lack of widespread land titling in many countries with large tracts of forest
will likely pose significant barriers to forest carbon prdytayet(al.2004. However,

recent work on the costs of recognising local and indigenoudHagthe (2007

suggests this type of expenditure is highly cost effatitieeigh the poldal costs

could be high)t is commonly acceptétat REDD cannot proceed successfully without

18



implementation of SFM gexts which could potentially provide empirical and ceuntry
specific estimates of transaction costs for forestry type projects.

1.4.3 National capacity building and implementation costs

Hoareet al(2008 look at the costs of buildingstitutionakcapacityn rainforest nations
and define three types of governance intervelfwihsassociated cost®eded for
these tropicalountries to participate in REDD.

e Mechanism cosisclude costs associated wilculating baselines, development
of monitoring ad measuring capacity, and issuing crétdasioarestudy cites
a number of empiritastimates for mechanism costs:
e Based on experience in India and Brazil, the cost of setting up national
monitoring systems is estimated 500,000 t&/S$2 million pe
country.
¢ |PCC estimates the cost of establishing national vegetation carbon
inventories at betwe&l850.050.6 per hectare (2000 prices).

e [n Cam6
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Table 5: Estimates of costs of “readiness” for REDD

Activity Lower Upper
estimate estimate

20



21



biodiversity on a regional basis and for six coumtritae Neaotropics high carben

high biodiversity forest covers more than three percent of total land area and contains
more than 4 percent of the total regional carbon JthekOceania and Asia region

shows a particularly high coincidence of carbon and biodiversity with more than ten
percent of total carbon stolcicatedn high carbon high biodiversitrestsThis

coincidence is especiatigrkedn the islan@rchipelagoand he WesterrGhats

(Kaposet al.2008)

1.7 Distributional issuesand REDD design

The distribution of theosts and benefits of projetsed REDD will depend on local
conditions, institutions, community equity, the status of land tenure, and other socio
economic characteristicstoé project arealVhile there is little practical experience of
REDD and hencéttle is known of the distributional implications, the experience of

PES schemes implemented in the last decade provides some insights into potential
distributional issueBliberman2009 Pesketet al.2008) There is concern that REDD

would exacerbatsequal power relations in countries and regions with weak governance
institutionsIn particular, there is a concern that indigenous peoples who are often the de
facto guardians of tropical forest, would lose out as forest resources become relatively
more valuable under REDDhe rights of local and indigenous people need to be
strengthened in face of government measures to restrict access and harvesting of forest
resourceso that locdivelihoods are not negatively affected by REDD.

While t
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investing in carbon offsets for the investor and lowers benéditalto
stakeholderg\ternatively, payment after verification significantlgesdisks

for carbon credit purchasers; however, lack of access to credit would prevent
local communities from making necessary investmémesabsence of upfront
financingIn some casggovernments would take on these liabildiber

options inclde holding geographically diverse portfolios (to reduce the impact of
forest fires on investors), temporary credits as used in CDM afforestation and
reforestation projects, repayment of revenues/fines

Spatial scalénational versus project based apprbas important implications

for how emissions reductions are accounted for and how they are credited
Important distributional issues related to spatial scale include how finances and
authority are distributed between government (central andtsuialand non
governmental actorBhe greater the degree of fiscal decentralighgogreater

the likelihood that financial benefits reach the local level and the lower the
chances ofelite capturg(Pesketet a].2008)

Private investors are likelyptieefer largecale projects due to ithewer
transaction costhie toeconomies of scaleis likely that there will be fewer
opportunities for local communities to benefit from Iscgée projects than
from smalscale project€psbeyet al 2006cited inDutschkeet al.2008).

Efficiencyequity tradeffs are prevalent in the selection of project investments.
For example, in the CDM there has been a great deadsifnent in projects
regardeas bearindlow hanging fruifti.e. low cost of essions reduction,
particularly in China and Indldnese types of projects which include the
introduction of cleaner technologies into industrial processes generally have
fewer benefits for local people (Pesited]|.2008) Combined with private
sectompreferencefor large scale projects, the eegiitigiency trade offill
affectprivate investment in RED[Private sector investors are generally less
concerned with distributional issté®at being said, some private investas
interested in projecwith sociabr other (e.g. biodiversitygnefits athese

projects attract higher pricesd boost corporate reputatiombere are already
some standards schemes which proyigsmiumpcredits from projects with

high sustainabiliti?ésketet al.2008) Standards which reward investmant
projects with benefits additional to carbon increase the interest of private sector
investors who would benefit financially in receiving higher prices for carbon
credits and in promoting thélicense to operapby being seen tuperatan a
responsible manner.

Reference levels/scenarios are used to judge performance in reducing emissions
related to deforestatiofhe baseline approach defines a scenario of projected
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2 Case study 1:
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Figure 5: Deforedation in the Brazilian Amazon, Rainfall and Beef Prices, 200B
SourceReproduced fronl€homitzet al.2007

Chomitz and Thomg&003 provide evidence that almost halalbf
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Another approach (Nepstatial.2007) look at the foregone profits from foresplacing
agricultiral and livestock production systems on all currently and potentially forested lands
under all kinds of ownershiphis approach is based on the argument that protected areas
and forest concessions can be undone to permit-fiepéesting agricultur@his study

argues that continuous positive economic incentives are needed to maintain forests and
prevent leakage within countrigiers are used to limit the potential of soybean expansion
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in spatial maps, these results are not directly comparable to other estimates and are presented
separatelgelow

Appendix 1, Table Algresentsletailed information oopportunity cost estimates for the
Brazilian AmazonCattle ranching has very low levels of profitability; small scale and
traditional ranching prodes profits between US$2 to /882 Medium and large scale
ranching, extensive ranching and improvedrpastucing are more profitable at US$461

to 1033ha. Animal grazing density is between Otoifitz and Thoma2005 and 0.8
animal units per hectare and profits are generally less than $50 per hectaret(depstad
2007).In future, disaggregatingelstock activities to look at dairy farming veesushing
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2.5 Carbon content

Estimates of the opportunity cost of forest conservateadjusted by the carbon content

(ton carbon/ha) of the landgeato derive an estimated cost/t@mbon oICO,e. Assuming

carbon dioxide emissions from deforestation equal the total carbon contentgfcalmle
vegetation, the opportunity cost per ton of avoided carbon dioxide emissions is equal to per
hectare oppounity cost divided by average carbon conWhile there is significant
variability in the carbon content between and within provinces and regions, most studies use
either averages by province (Borner and W #@&a) or for the Amazaon
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Figure 6: Forest cabon stocks of the Brazilian Amazon
SourceReproduced from Nepst&d al.2007

2.6 Opportunity cost per tonCO.e avoided

Combining per hectare opportunity costs and carbon content data, estimates for cost/ton C
and costfon CO.e are derivedor a specificdcality.As me studies express opportunity

cost in terms of cost per hectaei€dgGran 2006 Tomich 2003, this study has converted

these estimates lbigingthe lowest per hectare carbon content
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Table 7: Opportunity costs by land use in the Brazilian Amazon (US$2005)

Land use Opportunity cost $/ton CO,e
Low High Share in area ol

deforested land
(%)

Subsistence agrialture 0 1.1 4

Ranching 0 2.6 77-85

Soybean 2.5 3.4 58

Tree plantations 1.1 5.9 1

Timber harvest 0.3 2.5 na

Timber+ranching+soybean | 3.9 6.1 na

SourceSee Table A.1 in Anngxvarious sources, GHegan (2006).

As roughly 80 percent of recentifadested land is used for ranching, the scope for
achieving cosdffective reductions i@O.e emissions through avoided deforestation seems
promisingFigure 7llustrates how opportunity costs vsignificantljpetween provinces in

the Brazilian AmazoiMore remote Amazonas which has little transport infrastructure and
hence much less land under soybean production has far lower opportunity costs than Mato
GrossoBorner and WundgR2008aestimate a supply curve which shows that more than a
third of defaestation in Amazonas could be compensated for less than US®L&mnd

there is no land use that could not be compensated for less than US@&3tdn Mato
Grosso, opportunity costs are higher, but it is still possible to avoid half of defofestatio
less than US$3/tolCO,e; the supply curve is relatively flat but increases steeply to
completely avoid deforestation (maximum of US$12/@e).
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Figure 7: Opportunity cost $/ton CO,e in Amazonas and Mato Grosso
SourceReproduced froBoérner and Wunde200&

Not all the estimates discussed are directly comparable. In particular,eNap&ad}
estimatenet NPV; the NPV of timber production is subtracted from each model since
timber production maintains mosttlsé carbon stock odi forest.The net opportunity cost

is calculated by dividing the difference in NPV (soy or cattle minus timber) by the difference
in the carbon stock of agriculture/livestock versus tiriber.study assumes sustainable
logging is impleméed and decreases carbon stdak 15 percenthile sopeanand

pasture production reduce aarkstock by 85 percerthe results for sbgan cattleand

logging are presented in Fig@&s.
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Figre 1Q The potential net present value (2002037) of sustainable timber
production in the Brazilian Amazon
Source: Reroduced from Nepstast al.2007

Chomitzet al(2007 contrasdifferent types of agricultural or afprestry land use with the
maintenance of secondary forest, sustainable use of primary forest and community forestry.
The study shows how deforestatvould be unprofitable in some parts of many countries

and farming systems at very modddg§3/ton CO,e.) carbon prices-igure 1 provides a
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Figure 11 Deforestation would be unprofitable in many land systems at modest

carbon prices
SourceReproduced fron€homitzet a].2007

To sum up, thetudiegeviewedere suggetitat at current carbon priceswth voluntary
andcompliancenarlets,REDD can compete witlmost

36






Adding US$1/torCO,e
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3.3 Opportunity costs

3.3.1 Carbon content estimates

Table Qresents empiricdata fronthe Alternatives to Slash and Burn Partnership (ASB)
study of abowground carbon content by land uskdonesiaAccording to this study,
undisturbed forest contains 300 tons ajgowend carbon pdra.However, according to

WKH )$2-V JRUHVW 5HVR XU Rver&jearbonsiockeoqamed)ib BringV K H
biomass in undisturbed forest in South audh®ast Asia is 89 tons/fidne ASB estimate

is more than thremes the FAO estimate for Asia and is at least double the estimates used
in the Brazilian Amazon (between 110 and 155 ton carbdiiibeg.is no clear

explanation why these estimateuldbe so different other than the ASB estimates are site
specific for three provincéoth estimates exclude soil carbon, but include carbon
contained in living biomass, dead wood and litter.

Table 9: Aboveground time-averaged carbn stocks by land use in Indonesia

Land use type Time averaged carbo
stock (tonC/ha)

1 Undisturbed forest 300
2 Logged over foresthigh density| 250
3 Logged over forestlow density 150
4 Undisturbed mangrove 200
5 Logged over mangrove 100
6 Undisturbed swamp forest 200
7 Logged over swamp forest 200
8 Home garden 21.8
9 Coconut 90.7
10 Damar agrdorest 114.8
11 Fruitbased agrforest 116.1
12 Rubber agrforest 62.1
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Table 1Q Opportunity cost estimates in Indonesia by land use

Opportunity cost $/ton CO,e

Land use Low carbon content(a) High carbon content (b)
Low High Low High
Oil Palm Large scale 6.3 2.1
Supported 51 1.7
growers
High yield 4.4 1.5
independent
Low yield 1.8 0.6
independent
Smallholder 0.5 0.2
Rubber 0 4.2 0 1.6
Subsistence 0 1.53 0 73.19] TJ E1
agriculture
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assuming 89 ton carbon/ha forest increases the opportunity cost for rubber plantations with
improved planting material t#554.1&0 n CO,e which is higher than logging in Indgia.
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3.3.3.1
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Figure 13 Abatement costs wh private and social NPV for East Kalimantan
SourceReproduced from Swalla@t al.2007

3.3.3.2JambiProvince

Jambi province in central Sumatreerss5,000 krh Population density is 39 people per

km?” and45 percenbf the province is easily accessible BrwaroadThere is significant

and ongoing conversion of forest to high value commercial crops like oil palm and rubber.
There is both government sponsored and spontaneous transmigration occurring, further
increasing forest conversion to agriculturesettieémentOnly 34percenbf the province is

still forested.

Area (sg.km.)

Figure 14 Summary of land use change in Jambi, Indonesia, 1990, 2000, 2005
SourceReproduced from Swalla@t al.2007
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3.3.3.3Lampung Province

Lampung provirein southern Sumatra has only gightenof itsarea still under forest

due to government sponsored and spontaneous migration from Java scaléarge
commercial logging in the 1970Bowed by conversion to industrial plantations of sugar
cane and pineapp@assava is the main crop in the lowlandke foothills, coffee has
increased along with international coffee phiigenous Lampugnpeople still cultivate
semipermanent food crops on flooded river ba8ksting cultivation is no longer
practisedMigrants grow rice, but due to drought and soil erosion, people are leaving the
area.

Figure 4.4: Summary of land use change in Lampung Province, Indonesia for 1990, 2000 and 2005

Cand

Figure 16 Summary ofland use change in Lampung, Indonesia, 1990, 2000, 2005
SourceReproduced from Swalla@t al(20073

Figure 1'below presents the results for Lampung where the main source of deforestation is
logging and conversion to mgliata coffeedpportunity cos
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4 Costs of REDDand other climate mitigation options

Empirical evidence on the financial returns to alternative land uses on recently deforested
land in Brazidnd Indonesia suggests that avoiding emissions from deforestation may
provide a costffective climate mitigation option. The financial returns to a number of land
uses, expressed in terms of net profits per t1GOoE, are below current market pricas f

carbon. In other words, forest carbon can provide attractive investment opportunities simply
from a financial perspective. Moreover, due to the large variation in opportunity costs within
forestrich countries, there appears to be significant scopfedweaefficient outcomes by
allowing trade in REDD obligations across land users, while focusing REDD interventions
on avoiding the conversion of forest to-heturn agricultural uses.

However, there are a number of studies that have estimated theraluaists of REDD

to be higher than the estimates reviewed here (Beingioak2d08 McKinsy &

Company (2009YNFCCGC 2007)A number of hese studies are based on gludrdiial
equilibrium models of the forest sector which simulate the dynbtinecs/orld economy.
There are three major global partial equilibrium models: GTM, DIMA and GEOMAP
which use the same underlying data as morelaviefanodels, but differ in which sectors
they include, the dynamics simulated, interest rates andsdatacadion content and
deforestation rateShese models produce unit costs of abatement that are significantly
higher than the ethe-ground empirical estimates reviewed fbese global models take
into account the level of emissions abate(Benthe, 2008)

Table 1lsummarises average opportunity costs estineaedifferent sourcessing
differentmethodologied he table is adapted from Boucf2808 who provides average
opportunity costs as well as the rangstirhatesNVe provide only amgeof estimates
reviewed in this paper as these estimates should be compared only very loosely due to
different methodologies and assumptionise calculations of NPVs by land use (discount
rates, assumptions regarding carbon content of competingdaett]The Boucher study
obtained the raw data from regional/empirical studies and redid the analysis in a
standardised maer.It then comparethe results to those of the Stern Review and the
three main global moddisiplementation and transactiorstsarenot includedere

* For GTM see Sohngen and Sedjo (2006), Sohngen and Mendel$dhRd2DOMA see Kindermann et al. (2006) and
Marland and Obersteiner (2007, 2008). For GCOMAP see Sathaye et al. (2006) and Anger and Sathaye (2008).

49






L Rl I aman

=
. ) [EEENUETIE
wa tELULL = Lo LUBYerot
lii' | 1 - ENRLICGEE & 8 : : Ironand steel CC5 new build 4 | ] - |—'
Low penetration win ! — Coal CCS n \.'g%’-ild1 | ‘
v i

Figure 18

51



52



is therefore critical not only to estimate local opportunity costs, but also to measure
carbon content on a local basis.

A review of empirical opportunity cost estimates suggests that REDD is competitive
with most land uses ihe Brazilian Amazon and many land uses in Indonesia at a
carbon price of less than US$5/@@.e. REDD is competitive with most land uses

in Indonesia at US$10/tdO,e. Subsistence agriculture and most livestock
production systems are characterize@yylow returns in both Brazil and

Indonesia. Logging and cash crops generally exhibit higher opportunity costs.
While implementation and transaction costs add rdugbidyton CO,eto

opportunity costs, these additional costs are not so large as t&bDRakeRother

forest carbon activities) financially unattractive relative-foneshsector carbon
abatement options.

53



Bibliography

Angelsen, A., Brown, S., Loisel, C., Peskett, L., Streck, C. and Zarin, D. 2008. REDD: An
Optio

54



Cacho, O.JMarshall, G.Rand Milne, M. 2005. Transaction and abatement costs of
carbonsink projects in developing countr&syironment and Development
Economicsl0(5): 118.

Chamitz, K. Mand Thomas. 2003. Determinants of land use in Amazonia: a fine scale
spatial analysis. American Journal of Agricultural Economics 85(4) November 2003.

Chomitz, K. M.Buys, P., DeLuca, G., Thomas, T.S., and Wangunnikoff, S. 200At
Loggeheads? Agricultural Expansion, Poverty Reduction, and Environment in the
Tropical Forest®World Bank Policy Research Repbine World Bank, Washington
D.C.

Dutschke, M., Weranounnikoff, S. with Peskett, L., Luttrell, C., Streck, C., and Brown, J.
2008. Mapping potential sources of REDD financing to different needs and national
circumstanceBraft CIFOR Working Paper.

Enkvist, P.A., Naucler, T. and Rosander, J. 2007. A cost curve for greenhouse gas reduction.
http://www.epa.gov/air/caaac/coaltech/2007 05 mckinsey.pdf accessed 18.02.09

Food and Agriculture Organisation, 2005. Forest Resource Assessment 2005. FAO, Rome.
ftp://ftp.fao.org/docrep/fao/008/A0400E/A0400EQOQ. pdf

Geist, H. J., and Lambk. F.2002 ‘Proximate causes and underlying driving forces of
tropical deforestatigmBioscience, $2):14315Q

GriegGran, M. 2008. The cost of avoiding deforestation: Update of the report prepared for
the Stern Review of the Economics of Climate Change: IIED, London, UK.

GriegGran, M. 2006. The cost of avoiding deforestation: Report prepared for the Stern
Review of the Economics of Climate Change: IIED, London, UK.

Hansen, M. 2008lumid tropical forestlearing from 2000 to 2005 quantified by using
multrtemporal and muitesolution remotely sensed datAS, July 8, 2008, vol.
105, no. 27.

Hatcher, J. 2007. Securing rights as a mitigation measure: the costs of recognising tenure
rights and carbon befits. Presentation to the ConfereiRRights, Forests and
Climate Changeonvened by The Rainforest Foundation, Norway and the Rights
and Resources Initiative, Oslo,1750ctober 2008.

Hoare, A., Legge, T., Nussbaum, R., and Saunders, Hs@@@ég the cost of building

capacity in rainforest nations to allow them to participate in a global REDD
mechanisnReport produced for the Eliasch Review by Chatham House and

55


http://www.epa.gov/air/caaac/coaltech/2007_05_mckinsey.pdf%20accessed%2018.02.09



http://www.imf.org/external/pubs/ft/weo/2009/update/01/pdf/0109.pdf%20accessed%2002.03.2009
http://www.imf.org/external/pubs/ft/weo/2009/update/01/pdf/0109.pdf%20accessed%2002.03.2009
http://www.imf.org/external/np/res/commod/chart1.pdf%20accessed%2005.03.09

Moutinho and Schwartzman (eds.) 2005. Tropical Deforestation and ClimatdP@fz@nge.
Brazil: IPAM (Instituto de Pesquisa Ambienta de Amazonia); Washington, D.C.:
Environmental Defence Fund.

Nepstad, D\Yerissimo, A. kencarA., Nobre, C. Lefebvre, P., Schlesinger, P. Patter, C
Moutinho, P. Lima, E. Cochrarid,, Brooks V. 1999. Largscale impoverishment
of Amazonian forests by logging and Rieure 398:50508.

Nepstad, D., Soar&dho, B., Merry, F., MoutiohP., Rodrigues, H.O., Bowman, S.,
Schwartzman, S., Almeida, O. and Rivero, S. 2007. The costs and benefits of
reducing carbon emissions from deforestation and forest degradation in the Brazilian
Amazon. Woods Hole Research Centre, Falmouth, MA, USA.

ONF International 2008. Reducing emissions from deforestation and forest degradation
(REDD): Analysis of seven outstanding issues for the inclusion of tropical forests in
the international climate governance. ONF, Paris.

Pagiola, 2008 Payments for enenmental services in Costa Ritlogical Economics
65.4 (2008).

Pagiola, S. and Bosquet, B. 2009. Estimating the costs of REDD at the country level.
Version 1.2 24 February 2009. Forest Carbon Partnership Facility, World Bank.

Peskett, L., Hubermal,, BowenrJones, E., Edwards, G. and Brown, J. R0&&ng
REDD work for the poorA Poverty Environment Partnership Report, IUCN and
ODl.

Sohngen, B. 2008. Paying for Avoided DeforestaB8bould We Do It? Choice$, 1
Quarter 2008, 23(1).

SohngenB. and Sedjo, R. 2006. Carbon sequestration in global forests under different
carbon price regimes. Energy Journal 27269

Stern, N. 2006. The economics of climate change. Cambridge University Press.

Strassburg, B., Turner, K., Fisher, B., Schdffand Lovett, A. 2008n empirically
derived mechanism of combined incentives to reduce emissions from deforestation.
CSERGE Working Paper ECM-08, Centre for Social and Economic Research on
the Global Environment, University of East Anglia, Nornnigh,

Swallow, B., van Noordwijk, M., Dewi, S., Murdiyarso, D., White, D., Gockowski, J.,
Hyman, G., Budidarsono, S., Robiglio, V., Meadu, V., Ekadinate, A., Agus, F.,
Hairiah, K., Mbile, P.N., Sonwa, D.J. and Weise, S. 2007. Opportunities for Avoided
Deforestation with Sustainable Benefits. An Interim Report by the ASB Partnership
for Tropical Forest Margins. ASB Partnership for the Tropical Forest Margins,
Nairobi, Kenya.

57



Tomich et al. 2005 in Palm, C., VostG&hchez, P., Ericksen(dtls) Slash drburn
agriculture The search for alternatives. Columbia University Press.

UNFCCC, 20071nvestment and financial flows to address climate change.
Van Kooten, G.C. 200Biological Carbonris: Transaction Costs and Governance

Working Paperad00812, University of Victoria, Department of Economics,
Resource Economics and Policy Analysis Research Group.

Vattenfall, 200%Global mappingf greenhouse gas abatement opportunities.
http://www.vattenfall.com/www/ccc/ccc/Gemeinsame Inhalte/DOCUMENT/567263va
ttenfall/P0273261.pdfccessd 18.02.2009.

Vera Diaz, M.C. and Schwartzman, S. 2005. Carbon offsets and land use in the Brazilian
Amazon. In Moutinho and Schwartzman (eds.) 2005. Tropical Deforestation and
Climate ChangPara, Brazil: IPAM (Instituto de Pesquisa Ambienta de Aajazoni
Washington, D.C.: Environmental Defence Fund.

Vermeulen, S., and Goad, N. 2006. Towards better practice in smallholder palm oil
production. International Institute for Environment and Development. London.

Wetlands International 2006.
Wunder, S. andllban, M. 2008ecentralized payments for environmental services: The

cases of Pimampiro and PROFAFOR in Ecuddarnal of Ecological Economics,
Vol. 65 Issue 4, 1 May 2008.

58


http://ideas.repec.org/p/rep/wpaper/2008-12.html
http://ideas.repec.org/s/rep/wpaper.html
http://www.vattenfall.com/www/ccc/ccc/Gemeinsame_Inhalte/DOCUMENT/567263vattenfall/P0273261.pdf
http://www.vattenfall.com/www/ccc/ccc/Gemeinsame_Inhalte/DOCUMENT/567263vattenfall/P0273261.pdf

Appendix 1

Table A1.1: Opportunity cost estimates by land use for the Bratian Amazon

Commo
N.PV . Carb oC dity Long Change
Total in Adjusted on OCper yUsg/ pricein  termavg i price
net 2005 (9NPV ~ conte tonC ton Year of yearof price from
return  US$/ in2005 ntton US$to co2e estima estimat 2000 baseline
Region Land use US$/ha  ha US$/ha C/ha ncC (1) Source/methodology te e, $ 2009$  year (%)
C=A*(1+ F=E/ B=(H -
A B) D E=C/D 3.67 G H G)/G
Beef cattle
Amazon
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Commo

NPV Carb .
. . dity Long Change
Total in Adjusted on OC per oC pricein  termavg in price
net 2005 (2) NPV Conte tOﬂ C US$/t0 Year Of year of price from
return  US$/ in2005 ntton US$/to n CO2e estima estimat 2000 baseline
Region Land use US$/ha ha US$/ha C/ha nC Q) Source/methodology te e$ 2009%  year (%)
C=A*(1+ F=E/

A B) D E=AD












Country
or region

SE Asia
and
Pacific

Indonesia

Indonesia

Cin

new Net
Cin land change

NPV baseline use in OC per ocC

in scenario tonC carbon tonC US$/ton

2005 ton C /ha tonC  US$/ton CO2e
Land use Uss$ /ha (b) (b) /ha C(c) (a)(c)

high carbon scenario

Subsistence Agriculture
Smaliscale
agriculture/shifting
cultivation 499 300 12 288 1.73 0.47
Rice fallow 26 300 1 299 0.09 0.02

Cassava monoculture

Cin
baseline OC per
scenario tonC
tonC  US$/ton
/ha (b) C(c)

low carbon scenario

89 5.61

89 0.29

ocC
US$/ton
CO2e

(@)(c)

1.53

0.08

Source/methodology

Robledo and Blaser, 2008. Mix of small scale agric
with market access and shifting cultivation, $1/day
income per day (CIFOR)

Grieg Gran 2006 using Tomich et al 1998 (ASB
Indonesia) Saal prices, 20% discount rate.
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