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ABSTRACT. Projects in the forestry sector, and land-use change and forestry projects
more generally, have the potential to help mitigate global warming by acting as sinks
for greenhouse gasses, particularly CO;. However, concerns have been expressed that
participation in carbon-sink projects may be constrained by high costs. This problem may
be particularly severe for projects involving smaliholders in developing countries. Of
particular concern are the transaction costs incurred in developing proiects, measuring,
certifying, and selling the carbon-sequestration services generated by such projects. This
paper addresses these issues by reviewing the implications of transaction and abatement
costs in carbon-sequestration projects. An approach to estimating abatement costs is
demonstrated through four case studies of agroforestry systems located in Sumatra,
Indonesia. A typology of transaction costs is presented and related to existing pilot
projects. The paper concludes with recommendations to reduce the disadvantages that
smaliholders may face in capturing the opportunities offered by carbon markets.

1. Introduction

Concerns over global warming have led to proposals for the establishment
of markets for greenhouse-gas emissions. Tree-based systems are a
convenient way of sequestering carbon from the atmosphere to reduce
net emissions. Through the process of photcsynthesis, trees absorb carbon
dioxide (CO,) which remains fixed in wood and other organic matter in
forests for long periods. This is particularly relevant for tropical countries,
such as Indonesia and Brazil, with large areas of rainforest as well as
deforested degraded land.

*Correspondence author. This research was funded by the Australian Centre for
International Agricultural Research (ACIAR) and by the Food and Agriculture
Organization (FAO) of the United Nations. Mary Milne was a consultant with
the Center for International Forestry Research (CIFOR) when the research was
undertaken,
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The demand for climate mitigation will have to be met largely by the
energy sector, the main emitter. However, land-use change and forestry y
(LUCF) projects may also have an zmpoﬁm it role to ?lay, partly because
of cost ditferentials with other forms of mitigation and partly because of
asset fixity; adoptzr g new technologies for efficient use of fossil fuels may
require scrapping existing infrastructure and require considerable capital
investment

Under the Clean Development Mechanism (CDM) of the Kyoto Protocol,
greenhouse-gas emiission offsets are measured in metric tonnes of CO»
equivalents and are called ‘Certified Emission Reductions (CERS) Different
sources of supply of CERs, such as energy projects, large-scale forestry, or
small-scale agroforestry, will exhibit different abatement costs, expressed
as costs per CER. They can be expected to differ also in the transaction
costs of integrating themn in a market. These include the costs of monitoring
and certifying carbon sequestration rates and any other costs requlreé to
give investors confidence that the good they are purchasmg actually exists.
Additional transaction costs may occur at the market level, some borne by
sellers and some by buyers.

In this paper, we focus on LUCF projects involving smaliholder
agroforestry or industrial plantations. Energy sector projects are not con-
sidered. It is recognized that carbon sequestration may be only a temporary
and insufficient solution to the problem of global warming, and thatlonger-
term solutions will have to be technoiogzta and aiso involve changes
in consumer and producer behavior.” However, LUCF projects are more
likely to benefit smallholders in dfevelopﬁ g courntries by Increasing their
income and allowing them to diversify, while assisting in the reversal of
land degradation and conservation of biodiversity.

Section 2 presents a brief overview of the use of biomass as a carbon
sink and the potential of tropica‘i countries like Indonesia to contribute to
greenhouse gas {(GHG) emission reductions. In section 3, a simple economic
model is used to explain the influence of abatement and transaction costs
on landholders’ supply of CERs. Four case studies of agroforestry systems
in Sumatra, Indoneaa, are presented in section 4 to illustrate how the
abatement costs of landholders participating in the CER market can be
estimated. Section 5 presents an analysis of the transaction cosis of a
selection of existing projects. Sg*ra%egies tor reducing the transaction costs of
smailholders paﬁjmpa’cmg in the CER market are considered in section 6.
Section 7 summarizes the paper and presents conciusions.

2. Biomass accumulation as a carbon sink

The Intergovernmental Panel on Climate Change (IPCC, 2001) points ou
that biological mitigation of global warming can occur through three
"%ra‘cegies {1 coﬁserva’d on of exés%éﬁg CE‘J‘%)G"‘ pocls; (ii) augmerﬁﬁg CO,

éepmdeme on sustwmaaly produced biological produc&s (for example,
using wood instead of energy-intensive construction materials, or using

! This was pointed out by an anorymous referee.
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biomass to replace energy production from fossil fueis). O;J%iows (i) and
(i) result in higher carbon stocks but can lead to higher carbon emissions
in the future (for example, through fires or land clearing for agriculture),
whereas (iil) can continue indefinitely.

The global potential of biological mitigation has been estimated to
be equivalent to about 10-2C percent of projected fossil-fuel emissions
expected between 2000 and 2050 (IPCC, 2001). The largest potential is in
the subtropical and tropical regions, but realization of this potential will
depend on land and water availability and rates of adoption (Watson et al.,
2000; IPCC, 2001).

The large opportunities for biological mitigation in tropical countries
cannot be considered in isolation of broader policies in forestry, agriculture,
and other sectors. Barriers to reaching the potential level of mitigation
include: (1) iack of funding and human and institutional capacity to monitor
and verify mitigation efforts and outcomes; (ii) food supply requirements;
(iii) people subsisting from the natural forests; (iv) existing incentives for
land clearing; (v) popalatmn pressure; and (vi) conversion of forests to
pastures because of demand for meat (IPCC, 2007).

Much of the land in the tropics is managed by semi-subsistence farmers
and shifting cultivators, so their willingness to participate in biological
mitigation projects needs to be considered (de jong et al., 2000). Since
the CDM requires sustainable-deveicpment goals to be met as well as
sequestration goals, these types of land users (hereafter referred to as
smallholders) are likely to be important foci for this mechanism.

Carbon sequestration services do not need to be transported in order
to be sold. Hence, obstacles faced by smallholders in remote areas are
lessened in carbon markets relative to markets for other commodities.
Another attractive feature of carbon is that a molecule of carbon is the
same independently of where it resides, so the problem often faced by
smallholders, of not being able to achieve the quality required by
international markets in agricultural commodities (for example, see
Glover and Kusterer, 1990), does not apply here. However, despite the
homogeneous nature of a carbon molecule, differentiation in the carbon
market can be envisaged when projects have different attributes in terms
of environmental and social outcomes. Given proper disclosure in carbon
certificates, buyers may give their preference to these niches.?

arbon sequestration in LUCF projects can be monitored using well-
established sampling techniques (MacDicken, 1997; Cacho et al.,, 2004). In
order to receive certification and enter the CER market however, a project
will have to demonstrate that it is reducing net emissions compared with
ts absence. In other words, emission reductions must be additional to
a business-as-usual scenario. Consequently, project proponents will have
to estimate a baseline and demonstrate ‘additionality’. Also, the project
will have to account for possible ’1ea}<age’ and deal with the problem of
‘permanence’. These various aspects of accounting for carbon sequestration
are defined, and their implications discussed, by many authors, including

2 This was pointed out by an anonymous referee.
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3. Abatement costs, transaction costs, and the supply of CERs

The supply of CERs depends on the availability and costs of relevant
technologies and resource endowments, and these will be partly determined
by location. In China, for example, CDM projects in the energy sector
(particularly clean coal-burning technologies) may be the favored (least-
cost) option. In Brazil, in contrast, the preferred option may be forest
conservation. In figure 1, the potential supply function (Sp) represents
the marginal abatement costs of providing different cumulative levels of
emission reductions through feasible projects in both the energy and the
LUCE sectors.

For a given potential supply function, as determined by current
technology and resource endowments, the equilibrium levels of price and
quantity (Qp, Pp) depend on the demand function (D). The position and
slope of the demand function will depend to a large extent on the success
of international mitigation agreements, regulations imposed by individual
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governments, channeling of overseas development assistance funds, and
the extent to which the private sector is required to offset emissions. The
rules of the game are by no means resolved, but we can expect a demand
function sloping downwards from left to right.

Whatever the demand turns out to be, we need to understand the options
available and their anciliary benefits and costs. Here we will focus on
the supply side, with emphasis on carbon-sequestration projects involving
reforestation or afforestation. The curve Sp shows the prices that would
be required to motivate different leveis of abatement, or mitigation, of
atmospheric carbon in a perfectly competitive world of zero transaction
costs.

In this paper, abatement costs are defined as the costs of producing
one unit of (uncertified) carbon-sequestration services, or the cost of
producing one unit of biomass carbon. In any given location, abatemnent
costs can be estimated as the opportunity cost of undertaking a carbon-
sequestration activity, or the cost of swiiching from the current land use to
he proposed land use. This cost includes the present value of the stream
of revenues foregone as a result of participating in the project. It may also
include additional risk exposure or {oss of food security arising from this
participation.

The equilibrium quantity of CERs traded based on abatement costs
only (Qp in figure 1) over estimates what is likely to happen. Purchasers,
investors, and landholders can be expected to incur significant transaction
costs to participate in the CER market. To the extent that iransaction costs
(Cr) are positive, the supply function illustrated in figure 1 (Sp) shitts
upwards (to Su), and the equilibrium level of trade in CERs declines
accordingly (to Qa). If the transaction costs are sufficiently high, the market
will not develop at all.

Transaction costs are the costs ‘of arranging a contract to exchange
property rights ex ante and monitoring and enforcing the contract ex post’
(Matthews, 1986: 906). A number of studies have highlighted transaction
costs as a potential impediment to landholders, and particularly
smallholders, participating in carbon markets (for example, Baumert et al.,
2000; IPCC, 2001; Smith, 2002).

Various detailed fransaction-cost typologies for application in choosing
natural-resource policy options have been developed in recent years (for
example, McCann and Easter, 1999; Thompson, 1999). Dudek and Wiener
(1996) developed a typology of transaction costs incurred in projects
designed to mitigate emissions of atmospheric CO,. We follow Dudek
and Wiener’s typology but add a category called ‘administration costs’.
Each of the categories in our modified typology is briefly described
below.

Search costs are incurred as investors, project developers, and hosts
seek partners for mutually advantageous projects. In projects involving
smallholders, search costs would include gathering agricultural, social, and
economic information about their region, and contacting and establishing
relationships with individual smallholders and any associations they may
have formed.
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Negotiation costs are she costs of reaching an agreement. In projecis
involving smallholders, the cost of negotiating with individuals, inciuding
farm visits and establishment of personal relationships can be high.

Approval cosis include time delays incurred after submission of project
design documents. According to Lile et al. (1998}, investors in Al] projects
identified the approval costs as a major transaction cost.

Administration costs are associated with the resources expended in
administering the translation of a project design into practice. Costs in
this category include keeping records of project participants, administering
payments, and dealing with problems and disagreements. These activities
may require the establishment of a project office in close proximity to the

gite.

Monitoring costs are the cosis of verifying compliance with the agreed
terms of the transaction. The carbon sequestration actuaily achieved by the

project (as opposed 0 forecasts) must be measured, verified, and certified
(Moura-Costa et ai., 2000).

Enforcement costs are the expenses of insisting on compliance if monitoring
detects divergences from the agreed terms of the transaction. When dealing
with smallholders, there may be limited legal recourse to enforce contracts
due to the slowness of court proceedings and the difficulty and cost of
recovering small debts.

Insuravice costs arise from the risk of project failure, which might occur if,
for instance, fire destroys trees planted as part of the project, the host fails
to carry out its responsibilities under the contract, or if the host carries out
its responsibilities but the investor fails to pay.

Dudek and Wiener (1996) observed that the various categories are likely
10 differ in the degree to which they represent fixed costs vis-i-vis variable
costs. For instance, they sugges%eé that approvai costs may be relatively
fixed, since the task of seeking approval is unlikely to be affected much
by whether the proposed project is small or large. On the other hand, they
suggested that monitoring and insurance costs would be relatively variable,
increasing with the size of the transaction.

4. Case studies of abatement costs

Some simple case study analyses are presented here to illustrate how
Abatement costs can be estimated. The analysis focuses on agroforestry
systems that are common on the island of Sumatra, Indonesia: rubber,
cinnamon, damar, and oil palm. The data for the oil palm system are
based on an actual plantation-run project covering 10,700 hectares, whereas
the data for the other three systems are based on actual smallholder-run
projects. The analysis 1s from the standpoint of landholders. Hence, private
prices are used and performance is easured in financial terms. Although
evaluation of a project from a social standpoint should be based on shadow
prices, the purpose of this paper is to identify the private incentives actually
experieﬁced by landholders; therefore, market prices are used.
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Figure 2. Carbon-sequestration trajectories of selected agroforestry systems: simulated
results for southern Sumatra, Indonesia

The amount of carbon sequestered by aboveground biomass for each of
the four systems, assuming good-quality land, was estimated with simple
growth models based on available data and using allometric equations from
Brown {1997) and Ketterings et al. (2001). The simulated growth in carbon
stocks of the four agroforestry systems over 70 years is presented in figure 2.
A planning horizon of 70 years was used, based on the age of damar systems
sampled by Vincent et al. (2002).

The average stock of carbon in each system can be calculated by dlvzdmg
the area under the Corresgonémg curve in figure 2 %y 70 years. This is an
estimate of the ‘permanent’ increase in carbon stocks, assuming that the
land use will not change and land productivity does not decrease with
subsequent production cycles.

Good-quality land is likely to be recently deforested and therefore not
eligible for a CDM project. Our case studies must also consider reforestation
of degraded land, which should be an acceptable CDM activity under both
sustainability and additionality criteria. The productivity of degraded land,
and hence its carbon sequestration capacity, will be considerably lower than
that of good-quality land. For the analysis that follows, we defined a simple
land- productzmtv index (LPI) to represent yields of crops and trees. The
index has a value of 1.0 in good-quality land and decreases linearly as land
productivity declines. In cur base case, we assumed that the yields of the
four agroforestry systems are one half of those obtained on good-quality
land (LPI'=0.5). This assumption is subjected to sensitivity analysis later.
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Table 1. Financial performance and costs of selected agroforestry sy«*ems modeling
results for Sumatra, Indonesin. NPVs were calculated for a period of 70 years at a
discount rate of 20 per cent and a land ,Uﬁ)&"li‘éfevltj index of 0.5

A L gy
Agroforestry system

Rubber  Cinnamon  Damar  Oil palm

Average biomass carbon (t C/ha) 21.29 11.34 51.34 13.30
NPV {(US$/haj —94.04 11532 3158 —91.31
Opportunity cost* {US$/ha) 38154 17218 319.08 378.81
Abatement cost (US$/: C) 17.92 15.19 6.22 28.48

Nole: "The cost in terms of foregone NPV of switching land use from cassava to
each agroforestry system.

The opportunity cost of changing to a particular agroforestry system
depends on the current (that is, without-project) land use. Commor land
uses in the peneplains of Sumatra are upland rice/bush-fallow rotation,
and cassava monoculture, degrading to /mperata grassiand {Tomich et al.,
1998). The former land use is unprofitable, whereas the yields of tﬁe
latter vary considerably. Whitmore et al. (2000) state that cassava yields
in Sumatra can be as high as 40 t/ha; they assume a target yield of 20 t /ha
in weathered acid upla;ﬁd soils in Lampung, Sumatra. Using their data,
we estimated the NPV of continuous cassava production, our without-
project land use, to be US$287/ha {calculated over 70 years at a discount
rate of 20 percent). The opportunity cost of a given agroforestry system
was estimated by subtracting its net present value (NPV) from the N ?"
that would have been obtained with continuous cassava cropping. In othe
wozds, the opportunity cost was calculated as NPV without project minus
NPY with project. This is the opposite of the common project evaluation
criterion used to estimate additionality, so a positive opportunity cost
indicates that the proposed system meets the additionality requirement

n financial grounds (the project is less profitable than the current land
use). Note that aboveground carbon associated with continuous cassava
production is assumed to be zero because the carbon is removed at harvest
every year.

The financial analyses of the four agroforestry systems are summarized in
table 1. The base-case analysis assumes a discount rate of 20 per cent. This is
a realistic estimate of rates of discount faced by smallholders in Indonesia
who may not have access to formal credit markets. The discount rate is
subject to qer‘.smvﬁy analysis later. Further cetails on the assumptions and
methods used in the analyses, including prices, costs, and formulae used
to estimate carbon-sequestration rates, can be obtained from Ginoga ¢t al.
(2002).

The results of the financial analysis for degraded land (table 1)
indicate that only the cinnamon system would be financially attractive to
lancholders, as the NPVs of the other three systems are negative. Cal-
culating the opportunity cost of changing to an agroforestry system heips
to answer the question: ‘given existing prices, how much do we need to
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pay landholders to entice them to change land-use practices?’ The positive
opportunity costs for all systems in table 1 suggest that the landholder
wotuld not adopt those systems in order to supply to the CER market unless
he or she were paid an inducement not less than the opportunity cost in
each case.

A measure of the average cost of sequestering carbon In each system
namely, its average abatement cost — is presented in the last row of table 1.
These values were obtained by dividing the opportunity cost of changing
to @ system by its average biomass carbon. Damar is the cheapest option
for sequestering carbon (US$6.22/+C), with oil palm the most expensive
(US528.48/tC), and rubber and cinnamon intermediate {US$17.92/+C and
US515.19/1C). Therefore, a rational carbon investor faced with these options
would select damar first, followed by cirnamon, rubber, and oil palm. For
agroforestry projects to compete in carbon markets, their sequestration cost
needs to be lower than the market price of carbon. Smith ef al. (2000) cite a
range of carbon prices from USS5/1C to US$23/tC. The sequestration costs
for rubber, cinnamon, and damar fall within these price bounds, while ¢
sequestration costs for oil palm exceed the upper bounds.

Even though the opportunity cost per hectare is about half for cinnamon
(US$172/ha} of what it is for damar (US$319/ha), the damar system
captures almost five times as much carbon {51 t/hav. 11 t/ha). Hence, damar
provides the cheapest alternative for carbon sequestration. Incidentally, the
damar system also provides more biodiversity benefits than the other three
systems. Typically, a mature damar agroforest exhibits about 70 per cent of
the bird biodiversity of a natural forest (ASB, 2001).

The results so far are based on plausible but arbitrary assumptions
regarding land productivity and discount rate. These two assumptions
were subjected to sensitivity analysis to test the robustness of the results.
NPVs and abatement costs were calculated at discount rates 0of 5 per cent,
10 per cent, and 15 percent and land productivity indexes of 0.4, 0.75, and
1.0, in addition to the base case already discussed. The sensitivity analysis
for NPV is presented in table 2.

The NPVs for the systems conisidered are, as expected, negatively related
to discount rates and positively related to land productivity (table 2).
Some systemns are more sensitive to discount rates and land productivity
than others, because the timing of expenses and revenues differs. As
a result of these differences in sensitivity, interesting patterns arise in
abatement costs. Recall that abatement cost (the cost per ‘permanent’
tonne of carbon sequestered) is calculated by subtracting the cassava NPV
from the agroforestry NPV and dividing the result by the average carbon
stock. The information required to calculate abatement costs for all the
combinations of discount rate and land-productivity level are available in
table 2. Only a selection of these resuits is presented in figure 3. Oil palm was
excluded from further analysis because it represents an industrial plantation
and is also the most expensive option in terms of abatement costs.

The base-case rankings of the three smallholder systems in terms of
abatement costs (damar < cinnamon < rubber) are presented as the right-
most pointsin figure 3A and the points along a vertical lineatan LPI of 0.5 in
figure 3B. [t is interesting to note that, although the rankings are consistent
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Table 2. Sensitivity analysis results, net present values (NPV) calculated over
70 years, vounded o the nearest dollar

Lond Average NPV (UIS$/ha) at discount rate
Productivity C stock
Index (t/ha) 5% 10% 15% 20%
Rubber
(.40 17.0 264 13 —89 —138 . i
0.5¢ 21.3 677 177 -5 —94 ; -
0.75 31.9 1,693 581 192 17 - 1
1.00 42.5 2,733 1,001 407 141
Cinnamon - ]
0.40 9.1 777 235 56 24 -
4.50 11.3 1,349 521 243 115
0.75 17.0 2,780 1,236 711 463
1.0 27 4211 1,951 1,179 811
Damar
0.40 41.1 477 21 -123 —188
0.50 51.3 998 320 85 —32
(.75 77.0 2,314 1,067 604 360
1.50 102.7 3,630 1,815 1,124 752
Oil palm
0.40 10.6 —309 —198 —147 —115
0.50 13.3 —56 —103 —102 —91
0.75 20.0 574 135 10 —32
1.00 26.6 1,204 374 123 27
Cassava (baseline)
0.40 0 609 315 210 157
0.50 0 1,112 574 383 287
0.75 0 2,369 1,223 817 612
1.00 * 3,627 1,873 1,250 937
(A) ( , (B)
25 -5~ Rubber =& Cinnamon -a Damar - -9~ Rubber ¢« Cinnamon -& Damar
_ 20- — R
2 15- 20 -
7 r/}éz
: 5 15 -
T 0 - , "
£ 54 30 -
E -10-
151 5 - ‘
20 \\\
25 : 0 — : .
2 5 10 15 20 25 3 04 05 06 07 08 09 1.0
Discount rate {%o) Land productivity {(LPI}

Figure 3. Effect of discount rate (A) and land productivity (B) on CO; abalement costs
for three smallholder agroforestry systems
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at higher discount rates and land productivity values, cinnamon becomes
cheaper than damar at discount rates below 10 percent {figure 3A), and
cinnamon becomes more expensive than rubber at LP] values below 0.45
(figure 3B).

As shown above, itis possible to estimate abaternent costs associated with
agroforestry-based carbon-sequestration projects through fairly simple
economic analysis. This can be useful as a screening device to identify
potential agroforestry systems for a particular site. However, the actual costs
of a project must be estimated based on local data, as the opportunity costs
and baselines can vary considerably between sites and so will transaction
costs.

5. Transaction cosis of existing projects

Due to a lack of relevant data, it was not possible to estimate transaction
costs of landholders supplying to the CER market by adopting the
agroforesiry systems addressed in the case studies above. So we resorted
to analyzing existing projects within the Activities Implemented Jointly
(Al]) program of the UNFCCC. Transaction-cost data for six AlJ projects
were obtained. The projects were: SIF in Chile; Xlinki in Costa Rica; Scolel
Te in Mexico; Profafor in Ecuador; and Rusafor and Vologda in Russia.
The data were obtained from the reports submitted to the UNFCCC? and
irom personal communication with the project personnel. Al] reports were
submitted to the UNFCCC before the start of a project, so they are only
indicative of expected transaction costs. These reports provide estimates of
development (ex ante) and implementation (ex post) costs and the amount of
expected funding to be received for the project. The estimates for number
of hectares to be planted and additional carbon sequestered are based on
approved but not necessarily guaranteed funding. To date, a number of
projects have not met their planting targets and some have varied the length
of their contracts.

Project developers were not required to submit reports to the UNFCCC,
and the system of providing project details and calculations was voluntary.
Care was therefore necessary in interpreting the data. Nevertheless, given
the lack of available and accessible data on each of the projects, the reports
submitted to the UNFCCC serve as a useful starting point in considering
expected transaction costs of projects.

There was no standardized framework for reporting the costs of AIJ
projects, and hence a great deal of variation exists in the types of costs
reported. Some projects did not provide a complete set of costs, leading
to a number of data gaps, which limit the extent to which cross-project
comparisons can be made. Four of the selected projects (SIF, Klinki, Rusafor,
and Vologda) provided both developmentand implementation costs in their
reporis. In the case of Scolel Té, implementation-cost data were obtained
from the project directly.

3

UNFCCC list of Al} projects, http: // unfece.int/ program/coop/aii/aijproj.htmi,
accessed 25/03/04.
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Transaction costs as a percentage of total costs ranged from 6 percent
to 45 percent and transaction costs per metric tonne of carbon ranged
between US$0.57 and US$3.95. For two reasons, no definite conc1u51 ns
can be drawn from this sample: firstly the figures are forecasts and rot
actual costs; secondly data were obtained from reports that are not in a
standard format, so all costs may not have been reported. This highlights
the importance of having a standard classification of transaction costs that
will allow us to measure and compare them accurately. The classification
presented in section 3 of this paper addresses this need. The discussion that
follows relates features of Alj projects to our transaction-cost typology.

In the Al} program, search costs were primarily borne by the Annex 1
country partners. Project developers incutred transaction costs in searching
both for partners in host countries and investors in Annex 1 countries.
Where significant funding for project establishment and ongoing operations
was niot ascertained, the project developers incurred higher search costs.
This was the case in the Klinki project, where the project developer was
unable to raise the required funding to support the initial proposalapproved
by the UNFCCC. lebeqaeﬁlv, donations were sought directly from US
organizations, such as schools, rotary clubs, churches, universities, and
small businesses. This additional effort resulted in relatively high search
costs.

Negotiation costs, have been high in some AI] projects. For example,
the SIF project in Chile was predominantly established and implemented
by Chilean parties. The project developers spent between one and two
years negotiating contracts with project partners, which included forestry
companies, the owners of standing forests and the owners of lands to be
planted {Golodetz pers. com.).

Approval costs of AlJ projects may have been smaller than what could
be expected from the CDM. LUCF projects under the CDM must meet
a number of requirements that AI] projects need not meet, including
that the proposed project be based on sound science, use consistent
methodologies for estimation and reporting, contribute to biodiversity and
sustamabie resource use, and account for reversal of the LUCF activity at the
appropriate time. CDM projects must also undergo validation during the
approval phase. Validation is to be undertaken by a Designated Operational
Entity (accredited by the CDM Board) and requires confirmation that:
{i) pariies meet eligibility requirﬁmenm‘ (ii) comments by local stakeholders
have been considered; (iii) analysis of environmental impacts has been

undertaken; (v} the proau.t meets additionality requirements; and (v) the
project uses approved baseline, monitoring, and reporting methodologies.*
Ciearly, these requirements are likely to impose sizeable transaction costs.

The ninth session of the Conference of the Parties (COP 9), held in
December 2003, agreed to prepare a techinical paper on simplified modalities
and procedures for small-scale afforestation and reforestation project

* Modalities and procedures for afforestation and reforestation project activities
under the Clean Deveiopment Mechanism in the first commitment period of
the Kyoto Protocol, (Draft Decision CMP.1) http://unfcce.int/cop9/latest/sbsta
127 pdf, accessed 29/01/04.

Supplied by The British Library - "The world's knowledge"




er cent
-anged
usions
nd not
otin a
hlights
sts that
ication
on that
lgf/'

nnex 1
rching
intries.
rations
1 costs.
er was
oroved
om US
g, and
search

ample,
nented
d two
orestry
s t0 be

t could
it meet
Juding
1sistent
ity and
yatthe
ing the
ationa!l
n that:
1wlders
s been
(v) the
logies.*
L costs.
1eld in
dalities
project

ctivities
ariod of
st/sbsta

Environment and Development Economics 609

activities, for adoption by the Conference of the Parties at its tenth session.
Small-scale projects are those expected to resultin greenhouse-gas removals
of less than 8,000 t of CO, per year and are developed or implemented by
low-income communities and individuals as determined by the host Party.
It remains to be seen how these simplified procedures affect transaction
costs of smallholder projects.

Administration costs can be reduced in the long term if good information
systems are developed and maintained during the project. The Profafor
project and the FACE Foundation (the main project investor) use a
monitoring and information system that stores administrative, financial,
and technical information for each forestation plan. They have also
developed infrastructure including geographic information systems,
database and modeling tools, and protocols for monitoring and certifying
carbon stocks. This means that project design and baseline estimation
should be lower for new projects.

Monitoring costs under Al] projects are expected to be lower than under
the CDM. A number of Al projects are not willing to certify their carbon
credits due to the non-existence of the carbon-credit market and the
additional costs involved in external certification. The community-based
Scolel T¢ project in Mexico verifies the carbon sequestered at the tocal level
and the verified credits are sold to the American Automobile Association.
In contrast, the CDM requires emission offsets to be verified and certified
by a Designated Operational Entity.

With regard to enforcement costs, ensuring trees remain on the land for
the duration of projects is one of the greatest challenges facing managers of
forest-carbon projects. Al] projects have dealt with this problem in a number
of ways. Scolel Té and Klinki are working closely with project participants
to instill a forestry culture and long-term commitment, whilst Profafor has
established legally binding contracts with heavy fines for land conversion
and early cutting.

These AlJ case studies do not provide much insight regarding insurance
costs. Most existing AlJ projects did not insure all partners against project
failure. In the case of Profafor, contractual conditions partly protect the
mvestor against land-use change and allow for contracts to be terminated
in the case of natural disasters. However, there is no compensation or
insurance provided to the beneficiaries (Jara pers. com.). In the Scolel Te
project, 10 percent of the calculated emission reductions are put into a
contingency fund in case of loss of carbon stores. As an extra insurance,
farmers are required to lodge 5 per cent of the revenues from the sale of
the trees with the project manager, which is then repaid to the farmer after
replanting of the next rotation.”

6. Reducing the costs of smallholder participation in the CER market
As iltustrated in section 5 of this paper, smaltholder projects can be
competitive in terms of abatement costs, and this competitiveness can

®SGS and ECCM (2001), The Plan Vivo System -~ verification status review, http: //
www.eccmn.uk.com/ climafor/ verification.himl. Accessed 04702 /04.
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be enhanced through improved technology {i.e., better tree varieties), exten-
sion services, and credit programs. However, enhancing competitiveness of
smallholders in terms of transaction costs may not be as easy. [n this section,
we present a selection of strategies that may assist in reclucing transaction
costs of smallholder projects under the CDM.

Generate and disseminate information

Establishment of baselines can be an expensive activity, particularly in areas
subject to rapic changes in population and government policies. Moura-
Costa et al. (2000) suggest that generic baselines based on sector, region, or
country couid be developed and integrated in a system of ‘technology
matrices’, similar to those used in the energy sector. Generic baselines
may be acceptable for small-scale projects under the simplified modalities
and procedures being developed by the TPCC. These methods need to
be developed and refined, and these tasks may represent efficient use of
development research assistance.

Dissemination of information among smallholders and farmer groups
can reduce fransaction costs, as well as abatement costs. This can be done
by host country extension services as well as by NGOs and international
research centers. Once a few examples of successful systems are established,
word of mouth may work well. This has been the case in the Scolel Té project
in Mexico, where farmers have approached the investor after learning about
the project from other farmers in the area. It is also necessary to disseminate
information to potential buyers about the prospects for the smallholder
sector to supply carbon credits.

Bundle projects and payments

Given the relatively high transaction costs associated with small-scale
projects, there is wide support for the creation of institutions and financial
intermediaries fo bundle projects in a portfolio, such that investors would
not be tied to a particular project (Michaelowa and Dutschke, 2000). This is
likely to provide potential project hosts with access to a broader capital base
and thus access to more diverse projects than available under a bilateral
system {Wexler et al., 1994). Another advantage of this approach is that
transaction costs can be reduced by pooling technical skills for developing
baselines and monitoring plans (Baumert et al., 2000).

There is also scope for exploiting common goals between the UNFCCC
and other international agreements, such as the Convention on Biological
Diversity. Where projects provide services relevant to several conventions,
it may be possible to bundle payments to smallholders and communrities.
Non-government organizations, such as Conservation International and
the Nature Conservancy, may become important sources of funding and/or
expertise for projects in environmentally sensitive areas.

Another sort of bundling can occur at the national level, where responses
to climate change can be deployed as a portfolio of policy instruments in
ways that recuce disincentives for agroforestry investment. Costa Rica has
been particularly innovative in its use of bundiing strategies.
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Engage groups of smallholders in projects, rather than individuals

Developing projects with groups of smallholders, run as common property
rather than individual property, will spread the fixed transaction costs
of designing and implementing a project. There is now considerable
evidence from research into common property systems that arrangements
of this kind can, in many circumstances, reduce totel transaction costs
compared with systems of individual property (for example, Baland and
Platteau, 1996; Ostrom, 1990). Monitoring and enforcermnernit of social norms
and customs often occurs as a by-product of a group’s normal day-to-
day social interaction. Piggy-backing on these informal arrangements can
lesser considerably the need for external imposition of formal institutional
arrangements.

A well-established strategy for integrating local knowledge, including
beliefs and preferences, in policy making involves facilitating inclusive
participation of all stakeholders in the decision process. However,
facilitating inclusive participation in institutional choice can be expected
to increase the transaction costs of reaching agreement on the new
arrangements. In other words, facilitating participation is likely to reduce
the ex post transaction costs of institutional change, while increasing the
ex ante transaction costs (Hanna, 1995). 1t is important therefore fo think
through the likely effects on transaction costs over the entire planning
horizon before concluding prematurely that facilitating participation only
adds to costs.

Teach smaliholders to measure carbon
There is anecdotal evidence that, when farmers learn the value of carbon
biomass, they could monitor their plots at low cost. Farmers in Suratra
are able to assess the volume of wood in their trees by sight; they are
accurate within the 0.25m? increments used in the timber market (Hairia
et al., 2001). In ficld tests undertaken by Delaney and Roshetiko {1999), two
cays were required for a crew to learn inventory methods for measuring
carbon in agroforestry gardens in Java. This evidence suggests that training
smailholders to identify and measure their own trees and complete a sample
sheet may be a good investment. The sample sheet could be delivered to
the project office in order to receive payment for the carbon sequestered.
The project office would enter the data into a database and estimate carbon
stocks based on approved methods. This strategy would require a system
of randomly checking reports from smallholders that, if combined with
substantial penalties for misreporting, will prevent cheating. This strategy
can be further enhanced if & peer-monitoring system can be established.
There are some success stories with peer-monitoring of credit contracts
involving groups of smallholders (for example, Stiglitz, 1990; Armendariz,
1999); for instance, where groups of farmers are mutually responsible for
repaying their loans and other members of the group cannot obtain credit
until existing loans are repaid. These experiences may provide some lessons
in the design of smalihoider LUCF projects under the CDM.

The appeal of a seif-monitoring strategy is further enhanced by the
fact that the accuracy of carbon measurements depends on the number of
sampling sites (for example, see Cacho et al., 2004). Involving smaliholders
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in seif-monitoring can achieve high measurement accuracy by allowing
high sampling intensity at a fairly low cost.

7. Summary and conclusions

This paper was motivated by opportunities in some developing countries
for emerging markets for carbon-sequestration services to help achieve their
sustainable-development goals. Its focus in this context was on agroforestry
and tree plantations. After briefly reviewing the significant potential of
such activities to sequester carbon, and noting that carbon sequestration
is a product that smallholders might trade in markets more easily than
many other products open to them, a number of challenges particular to
operationalizing such carbon-sink projects were discussed.

A typology of transaction costs in the context of landholders supplying
to the CER market was discussed. Such a typology is a prerequisite for
systematically estimating the transaction costs of alternative institutional
strategies for carbon-sink projects, and thus for identifying the institutional
arrangements most likely to promote the competitiveness of projects in
specific circumstances.

The need to consider both abatement and transaction costs when
assessing the viability of landholders undertaking agroforestry projects in
order to supply to the CER market was emphasized. Four case studies
of agroforestry systems in Sumaira, Indonesia, were presented to illustrate
how the abatement costs of such projects might be estimated. The estimated
abaternent costs showed that smallholder agroforestry can be competitive
in the carbon market under a broad range of discount rates and land
productivity classes.

The influence of transaction costs on the competitiveness of landholders
in developing countries supplying to the CER market was then explored.
The paper concludes with a number of suggestions for making projects
involving smallholders more competitive relative to large commercial
plantations. These suggestions can be broadly classified as provision of
information, involving smallholders in project design and monitoring,
and bundling payments for other environmental services with those for
abatement of global warming.

References

Armendariz de Aghion, B. (1999), ‘On the design of a credit agreement with peer
monitoring’, Journal of Development Econoniics 60: 79-104.

ASB (2001), 'The Krui agroforests: a model of sustainable community-based
management’, Policy Briefs, Alternatives to Slash and Burn, July 2001,

Baland, J.-M. and ].-P. Platteau (1996), Halting Degradation of Natural Resources: Is
There a Role for Rural Communities?, Oxford: Clarendon Press, for the Food and
Agriculture Organisation.

Baumert, K. A, N. Kete, and C. Fueres {2009), Designing the Clean Development
Mechanism to Meet the Needs of a Broad Range of Interests, Washington, DC: Climate
Energy and Poilution Program, World Resources Institute,

Brown, S. {1997), “Estimating biomass and biomass change in tropical forests: a
primer’, FAO Forestry Paper No. 134, The Food and Agriculture Organisation of
the United Nations, Rome.

Supplied by The British Library - "The world's knowledge"

i g



llowing

Jyuntries
we their
forestry
mitlal of
gtration
ily than
cular o

pplying
isite for
tutional
tutional
yects in

s when
djects in
studies
fustrate
timated
petitive
d fand

holders
(plored.
projects
mercial
ision of
itoring,
wse for

7ith peer
ty-based

wmrees: Is
ood and

elopment
Climate

presis: a
sation of

Ervironment and Development Economics 613

Browr, S. (200%1), ‘Measuring and monitoring carbon benefits for forest-based
projects: experience from piiot projects’, in “Can carbon sinks be operationai?’,
Resources for the Future Workshop Proceedings, 30 April.

Cacho, O], R.L. Hean, and R. Wise (2003}, ‘Carbon-accounting methods and
reforestation incentives’, Australian journal of Agricultural and Resource Economics
47:155-179.

Cacho, O.], RM. Wise, and K.G. MacDicken (2004), "Carbon monitoring costs and
their effect on incentives to sequester carbon through forestry’, Mitigation and
Adaptation: Strategies for Global Change 9: 273-293,

de Jong, B.H.],, R. Tipper, and G. Montoya-Gomez {2000), “An economic analysis of
the potential for carbon sequestration by forests: evidence from Southern Mexico’,
Ecological Economics 33: 313-327.

Delaney, M. and . Roshetko {1999), ‘Field tests of carbon monitoring methods for
horne gatdens in Indonesia’, Field Tests of Carbon Monitoring Methods in Forestry
Projects, Arlington: Winrock International, pp. 45-51.

Dudek, D.}. and [.B. Wiener (1996), ‘Joint implementation, transaction costs, and
climate change’, Organisation for Economic Co-operation gnd Development $6: 173,
Paris.

FACE (2001), ‘Forests absorbing carbon emissions’, Annual Report 2000, Arnhem,
The Netherlands.

Ginoga, K., O. Cacho, Erwidodo, M. Lugina, and D. Djaenudin (2002), ‘Economic
performance of common agroferestry systems in Southern Sumatra, Indonesia:
implications for carbon sequestration services’, Working Paper CC03, ACIAR
Project ASEM 1999/093. Available from hitp: /www.une.edu.au/ febl /Economics/
carbon/wpapers.him {5 February 2004].

Glover, D. and XK. Kusterer (1990), Small Farmers, Big Business: Contract Farming and
Rural Development, Londor: Macmillan.

Hairiah, K., S.M. Sitompul, M. van Noordwijk, and C. Palm (2001), ‘Carbon stocks
of tropical land use systems as part of the global C balance: effects of forest
conversion and options for clean development activities’, ASB Lecture Note 44,
Bogor, I[CRAF,

Hanna, 5. (1995), ‘Efficiencies of user participation in natural resource management’,
in 5. Hanna and M. Munasinghe {(eds), Property Rignts and the Environinent: Social
and Ecological Issues, Stockhoim and Washington, DC: Beijer International Institute
of Ecological Economics and the World Bank, pp. 59-67.

Intergovernmental Panel on Climate Change (1PCC) (2001), Climate Change 2601:
Mitigation, A Special Report of the Intergovernmental Panel on Climate Change,
New York: Cambridge University Press.

Ketterings, Q.M., R. Coe, M. van Noordwijk, Y. Ambagau, and C.A. Palm (2001),
‘Reducing uncertainty in the use of allometric biomass equations for predicting
above-ground tree biomass in mixed secondary forests’, Forest Ecology and
Muonagement 146: 199-209.

Lile, R., M. Powell, and M. Toman (1998}, ‘Implementing the Clean Development
Mechanism: lessons form the US private sector participation in Activities
Implemented Jointly’, Discussion Paper 99-08, Resources for the Fufure,
Washington DC.

MacDicken, K.G. (1997), A Guide to Measuring Carbon Storage in Forestry and
Agroforestry Projects, Arlington, VA: Forest Carbon Monitoring Program, Winrock
International.

Mariand, G., K. Fruit, and R. Sedjo (2001), "Accounting for sequestered carbon: the
question of permanence’, Environmental Science and Policy 4: 259-268.

Maithews, R.C.O. (1986), "The economics of institutions and the sources of grow(lv’,
Economic Journal 96: 903-1010.

Supplied by The British Library - "The world's knowledge"




614 Oscar |. Cacho, Graham R. Marshall, and Mary Milne

McCann, L. and K.W. Easter {1999), “Transaction costs of reducing phosphorous
poliutior, Land Economics 75: 402-414.

Michaelowa, A. and M. Dutschike {(2000), Climate Policy and Development: Flexible
Instruments and Developing Countries, Cheltenham: Edward Elgar Publishing.

Moura Costa, P, M. Stuart, M. Pinard, and G. Phillips (2000), ‘Elements of a
cerlification system for forestry-based carbon offset projects’, Mitigation and
Adaptation Strategies for Globul Change 5: 39-50.

Ostrom, E. (1990), Governing the Commons: The Evolution of Institutions for Collective
Action, Cambridge: Cambridge University Press.

Smith, J.{2002), ‘Afforestation and reforestation in the Clean Development
Mechanism of the Kyoto protocol: Implications for forests and forest people’,
International Journal of Global Environmental Issues 2: 322-343.

Smith, I., K. Mulongoy, R. Persson, and J. Saver(2000), ‘Harnessing carbon mariets for
tropical forest conservation: towards a more realistic assessment’, Environmenial
Conservation 27: 300-311.

Smith, |. and S.]. Scherr (2002), ‘Forest carbon and local livelihoods: assessment of
opportunities and policy recommendations’, CIFOR Occasional Paper No. 37.

Stiglitz, J. (1990), “Peer monitoring and credlit markets’, The World Bank Economic
Review 43: 351-366.

Thompson, D.B. (1999), ‘Beyond benefit—cost analysis: institutional transaction costs
and regulation of water quality’, Natural Resources Journal 39: 517-541.

Tomich, T.P2, M. van Noordwiik, S. Budidarsono, A. Gillison, T. Kusumanto,
D. Murdiyarso, F. Stolle, and A.M. Fagi (1998), ‘Alternatives fo slash-and-burn
in Indonesia: summary report and synthesis of Phase I, ASB Indonesia Report
Number 8, Bogor, Indonesia.

Vincent, G., 1. de Foresta, and R. Mulia {2002), ‘Predictors of tree growth in a
dipterocarp-based agroforest: a critical assessment’, Forest Ecology and Managenient
161: 39-52.

Jatson, R.T., 1.R. Nobie, B. Bolin, N.H. Ravindranath, D.]. Verardo, and D.]. Dokken,

{eds) (2000), Land Use, Land-use Change, and Forestry, A Special Report of the
Intergovernmental Panel on Climate Change, New York: Cambridge University
Press.

Wexler, P, 1. Mintzer, A. Miller, and D. Eoff (1994), ‘Joint implementation: institutional
options and impiications’, Report prepared for US Enviromumnental Protection
Agency, Office of Policy, Planning and Evaluation.

Whitmore, AP, G. Cadisch, B. Toomsan, V. Limpinuntana, M. van Noordwijk, and
P. Purnomosidhi (2000), ‘An analysis of the economic values of novel cropping
systemns in N.E. Thailand and S. Sumatra’, Netherland Journal of Agricultural Science
48: 105-114.

The definitive version of this article has been published in
Environment and Development Economics, Volume 10, Issue 5, 2005
Published by Cambridge University Press. Copyright ©2005 Cambridge University Press
This journal online at: http://journals.cambridge.org/action/displayJournal?jid=EDE

Supplied by The British Library - "The world's knowledge"

z
E
H
B
|


mabbott5
s2601




