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ALLEVIATION: PRELIMINARY EVIDENCE FROM THE N'HAMBIT A

COMMUNITY CARBON PROJECT IN MOZAMBIQUE

ABSTRACT

This paper assesses trade-offs between carbons$egios and farmers’ incomes from land-use
systems implemented in a community-based projacMozambique. Systems either focus on
carbon sequestration or combine sequestration gash crop cultivation. The latter provide
carbon payments with potential income from caslp gaes. Compared with sequestration-only
systems those that combine sequestration and caphpcoduction have higher net benefits,
although they are less cost-effective and have dagson-sequestration potential. Interplanting
with faidherbia albidia provides the most attractive balance among comgegiolicy goals.
Carbon payments contribute to cash income and mable smallholders to overcome initial

project investment costs.

KEYWORDS: Africa, Mozambique, carbon, trade-offs, land-usstdenefit



1. INTRODUCTION

Anthropogenic global warming due to increasing @mations of greenhouse gases in the
atmosphere is a growing threat to the world’s emiment, economies and human societies
(Stern, 2007). Changes in land use and managenieagrizultural and forest lands could
potentially lead to substantial carbon sequesmabienefits (Niles et al., 2002). Under the Kyoto
Protocol established in 1997, Annex | countriesadi@ved to meet emissions reductions targets
during the first commitment period (2008-2012) gsitexible mechanisms such as the Clean
Development Mechanism (CDM). The CDM includes carkequestering
afforestation/reforestation (AR) projects that tenimplemented by low-income communities in
developing countries. To date very few CDM projests engaged in AR activities. Meanwhile
outside the CDM, a parallel market for voluntary 3fnission reductions has grown rapidly in
recent years. The traded volume of so-called ValynEmission Reductions (VER) was 23.7
MtCO.e (million tonnes of carbon dioxide equivalent)2006, of which around a third were
forestry-related (Hamilton et al., 2007). A numbafr VER-producing projects have been
established in developing countries, sequesterampon by putting in place incentives for
afforestation, reforestation and agroforestry d¢iw in rural communities (e.g., Nelson and de
Jong, 2003; Chomitz et al., 1999; Asquith et al02). While VERs are not eligible for the
CDM, this is not necessarily a barrier to futurelusion should projects fulfil CDM criteria.

It has been argued that AR projects, whether paating in the CDM or not, can
potentially combine cost-effective carbon sequéstmawith a significant contribution to
sustainable development (Pearce, 2000; LandelsNitid Porras, 2002)Although the potential
of such projects to serve as important carbon dnalssbeen demonstrated (Montagnini and Nair,
2004; De Jong et al., 2005, Olschewski and Beni2@p5), there remain doubts about their

economic viability and potential to deliver sustdite development benefits to local communities



(Minang et al., 2007; Perez et al., 2007; Pfafilet2007). In particular, there are concerns about
possible trade-offs between sequestration and denental objectives.

Smith and Scherr (2003) assessed trade-offs bettheesocial benefits of a project and
its attractiveness to potential investors. Whilegéascale plantations and protected areas are
economically the most viable projects, they posksrior the local population, such as the risk of
losing access to land. Community-based projectsthenother hand, provide potentially the
highest benefits and the lowest risks to the Ipoglulation, but have higher transaction costs and
are therefore less attractive to investors (see, d&&acho et al., 2005). Yet, as our paper
demonstrates, trade-offs also exist among diffetgpes of community-based projects. We
present preliminary evidence for possible trads-tiétween the carbon sequestration potential,
cost-effectiveness and income generation for al loaamunity participating in the N’hambita
Community Carbon Project located in central Mozambi Implemented in 2003 by the
University of Edinburgh, Envirotrade and the Edirdiu Centre for Carbon Management
(ECCM), this pilot project follows Plan Vivomanagement guidelines for the production of
VERSs.

To date relatively few studies have attempted t@ntjfy the possible trade-offs in carbon
sequestration, specifically AR, projects in lowanee communities. De Jong et al. (2000)
investigated the potential of an incentive-basexyramme to stimulate farmers to adopt various
carbon sequestration activities with a modellingrapch applied to farmers participating in the
Scolel Té project in Mexico. Although this studydiot focus on trade-offs per se, it was found
that the most cost-effective method (using Net éhre¥alue, NPV) for sequestering carbon was
improved management of natural forest. In a relaraly of the same project, discounted
benefits for most participants ranged between -W$$ to US$ 1,700 per hectare (DTZ Pieda
Consulting, 2000). Aune et al. (2005) assesseadhgon sequestration potential of agroforestry

and forestry projects in Nepal, Uganda and Tanza#&iso using NPV, these projects were found



to be economically unviable. Coomes et al. (200&sented the NPV from an AR project
implemented in a rural community in eastern Panaiese show that substantial carbon
sequestration gains need to set off against the é@gnomic costs and risks from participation,
namely those resulting from the need for up-frortjgrt financing before carbon benefits are
realised. Similar to De Jong et al. (2000), thedP@anian study found natural forest maintenance
provided more opportunities for both carbon seqaéen and poverty alleviation compared with
AR schemes.

In this paper, we focus on trade-offs in AR schelued the role of carbon payments in
encouraging farmers to switch land use. In pamicuthe NPV of seven different land-use
systems are calculated for the N’hambita Commu@iybon Project using project data. Some
systems focus on carbon sequestration, while ottmrdbine sequestration with the cultivation of
cash crops. The latter provide carbon paymentisearearly years of the project with the prospect
of income from cash crop sales in later years thlisving for a differentiation in benefits
received by farmers over time. We find that systaroasbining sequestration and cash crop
production have higher NPV, although these not drdye slightly less carbon-sequestration
potential but also tend to be less cost-effectik@mf the perspective of a carbon investor
compared with land-use systems based on carboreseation alone. One system, interplanting
with faidherbia albidia appears to provide the most attractive balancengncompeting policy
goals. Carbon payments, however, can contribut@fgigntly to cash income and may enable
smallholders to overcome initial project investmensts. Moreover, with increasing discount
rates, farmers value these short-term benefits thaese that might be realised after seven to 10
years.

Our study contributes to the existing literaturetwo ways. First, this is the first in-depth
study of a land-use project located in Africa thatorporates cash crops into the carbon

sequestration strategy in addition to the usuatdioy options. It also uses data for payments



received by farmers unlike Aune et al. (2005) whsedi hypothetical price data in their
calculations. Given that many African countries ameong the poorest in the world, the benefits
from such projects could have a relatively greaesnomic impact than in other developing
regions. However, fewer carbon sequestration pi®jeave been located in Africa than in other
developing regions of the world (Nanasta, 2007)thesinternational community moves towards
a post-Kyoto agreement on climate change, the UNF@&s expressed concern at the lack of
carbon projects and is keen to explore ways of mrihg the continent’s role in climate change
mitigation (Jindal et al., 2008). Mozambique, amoy with a Human Development Index (HDI)
of 0.384, the sixth lowest in the world (UNDP, 2J0ig keen to scale-up carbon offset schemes.
Hence, our results have direct policy relevancéerms of identifying those land-use activities
that not only sequester carbon cost-effectively dlsb enhance incomes in a particularly poor
part of the world. Second, our study is the fistour knowledge that assesses the temporal
sequence of benefits received by farmers, i.e. ftarbon payments and potential revenues from
cash crops. Such a strategy to some extent dediste issue highlighted by Coomes et al.
(2008) for project participants to receive carb@mdfits or subsidies from third parties such as
NGOs to help offset project establishment coststuim, this may help encourage farmer
participation through the reduction of ridk.

In section 2, we present the background to theeptdpllowed by sections 3 and 4, focusing
on methods and results, respectively. In sectiomebdiscuss our results and conclude with some

policy implications in section 6.

2. BACKGROUND TO THE N'HAMBITA COMMUNITY CARBON PROJEC T
N’hambita community is located in the province of&a in central Mozambique within miombo
woodlands in the buffer zone of the Gorongosa Mali®arll In 2004, the community consisted

of over 1000 people (Hegde and Bull, 2008) withwaircash income of approximately US$ 9



per household (Kooistra and Wolf, 2006). As is camnin much of Mozambique, the local
economy is dominated by traditional, subsistenagcalgure, which includes crop rotation and
slash-and-burn. Two different types of agricultufi@lds dominate dimbasand machambas
Dimbasare located in flood plains whilmachambasre established around homesteads. Both
are typically planted with multiple crop plants luting maize, sorghum, pigeon pea and cassava
with little or no use of manure or fertilizer.

The N’hambita Community Carbon Projeds a pilot project of five years duration
organised by Envirotrade, an Edinburgh-based compahich is assisted by the University of
Edinburgh and the ECCM. Core funding was partiptyvided by the European Union and there
is a close cooperation with NGOs such as the Wauvittlife Fund and the German aid
organisationGesellschaft fir Technische Zusammenarl§&iZz). Project aims include the
implementation of sustainable land-use practicesptomote sustainable development and
diversify farmers’ income sources.

Land-use activities were set up in 2001 with aric@f project launch in 2003. The
project includes the production of VERs under PMino, a management plan originally
developed for a similar project in Mexico and alsed in Uganda and Mozambique (see Orrego,
2005). VERs are produced via the establishmentewérs land-use systems, which were sold,
e.g., to the MAN Group and the International Ing&tfor Environment and Development (IIED),
between 2005 and 2007. Seedlings were providedlbyah project-built nursery. The expected
amount of sequestered carbon is modelled and,ebdkis of these results, carbon payments are
paid out to the farmers via a carbon trust setnrup007. These payments are the farmers’ only
direct cash income source related to the projestneSland use systems also encourage the
development of cash crops (see below). Other ptedinom the plots can be consumed by
households, such as sustainably-produced timbefushdvood, fruits and fodder. Additionally,

the project attempts to implement new income s@ufcethe community by promoting activities



such as beekeeping and crafting, and other asedogatterprises. To improve local education,
GTZ has supported the construction of a school’iaMbita. The pilot project is intended to be
spread nationally and even globally later on; thejget may later be nominated as a CDM
measure if the requirements are fulfilled (Samb2085).

Of the seven different land-use systems, six (hosaés planting, two types of fruit
orchard, woodlot and two types of dispersed interphg) involve the establishment of new plots
on existing land while one, boundary planting imed the planting of trees around the
boundaries of existinghachambasThe latter system provides timber, fruit, shadd aitrogen
fixation, and should not affect crop yields sigeadintly. In utilizing the otherwise less productive
edge of themachambasthis option is ideal if little space is availabla theory, the boundary
option can be established around a plot adaptedgs®under another system altogether.

With the homestead planting option, trees are ptharound the house, providing shade,
fruits and timber. Major species include mango aaghew, alongside lemon, orange and
avocado, ziziphus and tamarind. By including maagd cashew trees, the homestead planting
system could potentially provide cash income frdrma sale of fruits. Under the fruit orchard
system, the area under contract is planted witgstod mango or cashew. Trees can be planted on
existing machambasProduced fruits are to be sold commercially ban @also be consumed
directly. After 50 years, the harvest will declirend the plot is supposed to be re-established
sequentially. The two systems are listed as distamzl use options called ‘fruit orchard (mango)’
and ‘fruit orchard (cashew)’, respectively.

On oldmachambasvhich have not been used for several years, miowdmmdland is re-
established under the woodlot system. In the ageefoy system, dispersed interplanting,
nitrogen-fixing trees are planted throughout ergtnachambasOne of two specie$aidherbia
albidia or gliricidia sepiumcan be chosen. Dispersed interplanting removesi¢lkd to change

the machambavia slash-and-burn agriculture and enables fartwegsow on the same plot for a



longer period. @ricidia sepiumis harvested every 30 years, whitgdherbia albidiais only
thinned once after about 20 years and then growulltanaturity, which can take more than 100
years. The two agroforestry systems are classdgedistinct options in the following analysis,
‘dispersed interplantingg(iricidia)’ and ‘dispersed interplantingaidherbig’, respectively.

As of 2007, over 70 percent of the community wasoived in project activities
(University of Edinburgh, 2007a), with 8000 hectafba) of land under contract. Households
were allowed to enroll for multiple contracts aeteame time, with each contract typically
covering 0.25-1.50 ha ahachambdand for duration of 100 years (Jindal, 2008). W'dhta on
the amount of land enrolled in each land use systemcurrently unavailable, 1,073 contracts
were negotiated by 852 households as of 2008. ©harcnt land uses contracted are boundary
planting (56.3 percent of all contracts), homestplhting (15.4 percent), and fruit orchards

(13.8 percent) (University of Edinburgh, 2008).

3. METHODS AND DATA

Data provided by the ECCM, consists of ‘technicaédfications’ of the different land-use
systems, which were collected during project immatation. These include technical details
(e.g. tree species and number, sequestered cakpected harvest etc.) as well as values for the
investments required for plot establishment. Thalymms only includes financial incentives
implemented in the project. Non-financial benefitiduced from the plots but consumed
domestically such as fuel wood, timber and fru¢ excluded from the analysis due to a lack of
data. Before describing the data, the cost-befriafitework used in this paper is described.

In order to compare the costs and benefits of gwers land-use systems, we adapt a
formula used by De Jong et al. (2000) to estimhaéedosts of carbon sequestration in another
Plan Vivo project established in Chiapas, Mexicoolir formulation these costs are equivalent to

the revenues received by farmers in yeiom the sale of VERs on the world market, and are



denotedBc(t). Thus, the net benefits from land use for anviddial farmer per ha in yearare
given as:
NB(t) = Bc (t) + Bp (t) =C () =Cy, (1) =Co (1) 1)

Where: Bp(t) denotes revenues from the sale of agriculturaddpets; Cg(t), costs of
establishment of land-use activiti€dy(t), costs of maintenance, i.e. labour and otherts)paf
the plot; and,Co(t), opportunity costs. De Jong et al. (ibid) inclyg®ject monitoring in the
implementation and management costs, which we dgchince these are not considered by
farmers. Similarly, other transaction costs sucltexifying carbon sequestration rates are also
excluded from our analysis, although these wilbatapact on overall system cost-effectiveness
as discussed in section 5 (see also van Kootdn @082; Cacho et al., 2005).

The opportunity cost is the net benefit that isested from an alternative land use, which
in the case of all seven land-use systems in tHearfNbita community is assumed to be a
machambacommonly cultivated with maize intercropped withggmum (see Jindal, 2004). This
can be calculated as the annual revenues from tarkeaf crop production net of labour and
other input costs (e.g. seeds, tools, etc.). Due laxk of data for the alternative land-use costs,
we assume that labour and other input costs invangiyear are equivalent to land-use
maintenance costs under the project activity instrae yeaft. As a result, (1) is reduced to:

NB(t) = B (t) + Bp (t) = C (1) = By (1) 2)
Where Bo(t) are simply the revenues from the alternative larse¢. Data for the various
components in (2), which are used to estimate #gtdenefits of adopting each land use system,
are described in the following subsections.

In order to estimate the net benefits of each laselsystem, we calculate their NPV over
a 20 year time period, a time-frame also usedefample, by Aune et al. (2005). Calculation of
NPV is a particularly useful tool for comparing iattes that include benefits and costs at

different points in time (Graves, 2007), which &tainly the case for the N’hambita project as



benefits from the sale of carbon certificates awdnfcash crop do not occur synchronously. To
make them comparable over time, the costs and ibersee discounted into a present value

according to the following formula:

_< B _ Ct) _< NBY
NPV_Z(lH)t z(1+i)t z(1+i)t

where the summationi run fromt =0 tot =T, andi is the discount rate. If the sum of

discounted benefiti B(t)/(1+i)", exceeds the discounted IosseEC(t)/(lH)t then the

system represents an efficient shift in resourloeation (see Hanley et al., 2001).

The discount rate represents the opportunity costbe investment made (Nilest al,
2002), which is closely related to the local ratéenterest. Regarding individual decision-making,
the discount rate can also be interpreted as theidual’s intertemporal preferences. These tend
to be lower for Least Developed Countries (LDC)nthar industrialised ones (Poulos &
Whittington, 1999). In addition, they vary more wig, due to market imperfections. Niles et al.
(2002) chose a discount rate of three percentarctimtext of carbon mitigation through land use
change in developing countries. We consider privdisgount rates since these are used to
calculate the incentives for smallholders. In titerdture, comparable studies show a wide range
of discount rates, ranging from five percent (DTiéda Consulting, 2000), over 10 percent (de
Jong et al., 2000), 15 percent (Tomich et al., 2@ahe at al., 2005) to 20 percent (Cacho et al.,
2003). In our analysis, we use a moderate discaiatof 10 percent. We test for the sensitivity

of our results using a range of discount rateh@end of the following section.

Benefits from the sale of carbon certificates (8
The ECCM provided data on carbon storage in bionaasksproducts based on a model called
COZ2Fix-V3.1. This model was originally developedliwe Netherlands by the Modelling Carbon

Sequestration in Forested Landscapes (CASFOR)gr(gee Schelhaas et al., 2004). Important

10



parameters in the model include wood carbon contenber production, product allocation for
thinnings and expected lifetime of products. Therage storage over 100 years serves as the
baseline used by the project developers for theutation of the carbon payments to farmers.
This implies in turn, that buyers of VERSs pay farlmon sequestration over a period of 100 years,
an assumption we return to in section 5.

The baseline of a plot is the amount of carboneston biomass at the time the project
activity begins, excluding carbon stored in cropnpé (ECCM, 2007). The longer a plot has been
fallow, the higher the baseline. Data for the acalation of carbon in fallow plots is provided by
Sambane (2005), who measured carbon sequestrati@® sample plots within the N’hambita
community. While measures on agricultural land sashboundary planting and interplanting
have a baseline of zero, the ECCM assumes thatdrcihards are established on land that has
been fallow for between one and 10 years. For thedlot system, the land is assumed fallow for
11 to 30 years.

In order to be able to react to unforeseen damegédse plots, which could reduce their
ability to store carbon (e.g. fire) a risk buffer 16 percent is subtracted from the calculated
amounts of stored carbon. In case of no damagesnitney is to be paid out to the farmers at a
later point. Within our framework, potential lagglyments are excluded for two reasons. Firstly,
it is not clear when these additional payments wdi¢ made, and secondly, it is not straight-
forward to estimate to what extent the risk buffail be used to compensate any potential
damages (e.g. fire-induced ones).

The tradable amount of carbon per ha is calculatethe sequestered amount of carbon
due to project activity subtracted by buffer andddme (see table 1).

TABLE 1 HERE
Carbon payments received by individual farmersd@m@endent on the carbon purchase price paid

by carbon buyers along with the transaction co$tsameme management and the monies

11



allocated to community funds. Mean carbon paymémt&rmers from six transactions (carbon
sales) that took place from 2005 to 2007 are caledl to be US$ 6.72 per tonne £0O
respectively US$ 24.63 per tonne carbon (or C) yehsity of Edinburgh, 2008)Total carbon
payments to the farmers per ha are shown in talffayments are paid out by the carbon trust in
annual instalments over the first seven years md lase implementation, and are supposed to
reflect farmers’ establishment codfdn the first year, 30 percent of the total paymisntnade
followed by 12 percent in each successive year éamtwears two and six. In the seventh year,

the final 10 percent is paid to the farmer.

Benefits from the sale of cash crops (3

Three out of seven land-use systems include thivatibn of cash crops, namely mango or
cashew. For the homestead planting option, theeprgylanners suggest that 40 percent of all
planted trees could be mango with another 40 pemétated to cashew trees. The remaining
20 percent could be a mixture of other species, gugva, orange, tamarind. The two fruit
orchard options include either only the cultivatadfmmango or cashew.

Project data show cashew trees to achieve a mgtlcestarting from the tenth year. A
different source, however, suggests an averagerengieeid beginning from the seventh year and
an average annual yield between seven and 11 kiygge(Azam-Ali and Judge, 2004). For this
analysis, the first harvest is assumed in yearrsevith a linear increase to the mature yield in
year 10. Project data on yield were shown to bermplete. Instead, based on Azam-Ali and
Judge (ibid), a yield of 700 kg per ha was assufoedmall-scale production. The market value
for cashew nuts, at US$ 0.49 per kg in 2005 is idex\ by the project developers. The potential
income generated by sale cash crops in three d¢atiteuse systems is shown in table 2.

TABLE 2 HERE
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Mango trees bear fruit for the first time, from fotb seven years after planting
(Griesbach, 2003). We assume a first harvest in geaen. Dirou (2004) reports a mature yield
between eight to 10 years. Thus, similar to theheasorchard system year 10 is taken as
maturity. Further incomplete data meant that we toadse data from other sources in order to
calculate yield in the study area. Coughlin (20@ports an average mango yield of 10,000kg/ha
in Mozambique, while an online agroforestry databastablished by the Traditional Tree
Initiative'* suggests that yield is often as small as 5,000akgThe lower-yield estimate of 5,000
kg/ha is used for this analysis. The market valumango assumed by the project organisers is
US$ 0.21 per kg, as recorded in 2005. In the haeaddand use system, 80 percent of the area is

divided equally between cashew and mango trees.

Costs of establishment €

The costs for establishment of the plots were eggthby the ECCM. These include the time the
farmers spend working on the pfStaind the purchase of seedlings from the nursetlypagh
these are provided for free to the farmers duregpilot phase. In addition, farmers are expected
to maintain the plots on their own without the néadadditional hired labour. Table 3 gives an
overview of the costs for each land use activity.

TABLE 3 HERE

Benefits from crop production under alternative lard uses (B)

An alternative land-use option for all project aities, amachambawas assumed based on the
description by Jindal (2004). Although maize isaeedly intercropped with sorghum as the
most common cultivation, we assume for simplichgttonly maize is grown on plots with an
average yield of 261 kg per ha. A rotation of 6eang crop production followed by 15 years

fallow is also assumeld.The value of maize was estimated using data peovizy theSistema
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De Informacdo De Mercados Agricolas De Mocambig(®MA), established by the
Mozambican Ministry of Agriculturé® The SIMA provides data for different agricultural
products at different trade levels and at diffetenations within Mozambique on a weekly basis.
Prices for maize at the producer level in the negibGorongosa are utilized in our analysis. Jeje
et al. (1998) report huge differences in returrsnfrthe sale of maize immediately after the
harvest in June and after storage from June umitdehber. Thus, an average price of June and
December prices in 2007 is calculated, which wankisat US$ 0.10 per kg. The expected annual
income from the production of maize on a plot (aged over productive and fallow years) is
estimated as US$ 8.05 per ha.

Table 3 shows the annual revenues received froraltemative land use for each system.
For the options of homestead planting, both fruthard varieties and woodlot, it is assumed that
these would be installed on plots that would otheegwbe used asiachambasin the case of
boundary planting, 400m surrounding one hectareassamed to cover 20 percent of the area, in
line with assumptions made by the project develeniversity of Edinburgh, 2008). For the
two dispersed interplanting variations, no losprioduction compared to the alternative land use
option is expected by the project planners. Thessemues from the alternative land uBg, are

assumed zero.

4, RESULTS

Net Present Values, carbon sequestration potentiahnd cost-effectiveness of land-use
activities

The NPV over a 20 year horizon for the seven las®l-gaystems are summarized along with key
parameters in table 4.

TABLE 4 HERE
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The NPV of the seven land-use systems range fravatdoss of about US$ 1,500 to positive
returns of about US$ 3,000 per ha, which suggestgeater range of discounted benefits
compared with the Scolel Té project in Mexico (Bd& Pieda Consulting, 2000). Those options
including cash crop cultivation show the highestMN®hile only one of the other systems has a
positive NPV, namely dispersed interplanting witidherbia albidia Due to high costs for
establishment and no additional income from thedpction of cash crops, the reforestation
option (woodlot) has the lowest NPV despite compgsthe largest carbon payment of all
systems.

Figure 1 compares the mean carbon sequestrationgpfar each land-use system under
the assumption that they remain undisturbed foryE#0's, and NPV per ha. From the perspective
of carbon sequestration efficiency, i.e. the questiof carbon sequestered in a single ha, the
most favourable option appears to be dispersedpiarging with faidherbia albidia and
reforestation on oldnachambagwoodlot). But the most attractive options frone tfarmers’
perspective are the systems including the producifaradable fruit, namely fruit orchards and
homestead planting. These options provide the Bigh#V to the farmers and hence, may
contribute most effectively to improving farmersicomes. Homestead planting appears to
provide both relatively high levels of carbon sesjtegion per ha and high net benefits to farmers,
followed by the fruit orchard and interplanting iopis. Nevertheless these options all seem to
show varying trade-offs between carbon sequestratiod incomes, similar to the systems
studied by Aune et al. (2005) in Uganda and Tarsani

FIGURE 1 HERE
The cost-effectiveness of each land-use systemS# per tonne C, from the perspective of the
carbon buyer, is shown in figure 2. Note this omgludes costs incurred by the farmer:
opportunity costs and costs for establishment aathtenance. It does not include transaction

costs. While relatively high in this project (ovB® percent; see footnote 8), these are not
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differentiated according to land-use system implated. Dispersed interplanting withidherbia
albidia is the most cost-effective option at less than U8%per tonne C. Options producing
higher direct benefits to farmers are much less-effective such as homestead planting and fruit
orchard (mango), with carbon prices of around US%&13d 50 per tonne C, respectively.

FIGURE 2 HERE

Temporal distribution of costs and benefits
Figure 3 shows the annual net benefits of the séumhuse systems over a period of 20 years.
Until year five, only dispersed interplanting wifdidherbia albidiaprovides an annual positive
net benefit to the farmer. By years six and seVeopdions show positive net benefits. After year
seven the three options including cash crop praclucthow net benefits that rise until year 10,
while the other four options show low net bendfiteround zero.

FIGURE 3 HERE

Regarding the temporal distribution of costs andeffies for each land-use activity, two
groups can be identified: with and without castpgoooduction. In order to demonstrate the main
differences in the temporal distribution of costed ébenefits between these groups, we first
consider activities with no production of cash @ophe temporal distribution of costs and
benefits for the woodlot option, for example, shawat the annual net benefit in the first five
years is dominated by establishment costs as ti®mcgpayments are not high enough to offset
these. By years six and seven, there are no mtabklisbment investments that need to be made,
and the carbon payments dominate. As of year eigiwards, no more carbon payments are paid
out and annual net benefits are close to zero.

The second group consists of the systems thatdacthe production of cash crops
(denoted by the dotted lines in figure 3). The terapdistribution of the costs and benefits for

the homestead planting system, for instance, shibvas the costs for establishment again
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dominate annual net benefits in the first five ge@y year six the investments are complete and
in year seven, the first cash crops can be hamestee mature yield is reached in year 10. From
year seven on, annual net benefits are dominatedeoyncome that is generated from the sale of

fruits.

Sensitivity analysis: discount rates and carbon pdes

In this subsection, we test for the sensitivityooir NPV results by first, varying the discount
rates (between three and 35 percent) while keetiiagcarbon price constant, and second, by
eliciting the break-even carbon price in order bdan a non-negative NPV. The latter is also
undertaken at varying discount rates of betweeeetland 35 percent. Keeping the carbon price
constant at US$ 24.63 per tonne C while increadiagount rates shows NPV to be increasing
for both the woodlot and dispersed interplantigliyiCidia) options (see table 5). NPV, however,
remains negative at all rates used. As rates iseraa. with poorer farmers who prefer present
over future consumption, NPV declines for all thbew options. Fruit orchard (mango) NPV
remains positive until discount rates hit aroundgo@€cent. Dispersed interplantinfgifiherbig) is

the only option showing a positive NPV over the Vehange of discount rates. The NPV for
boundary planting while relatively constant remainegative at all discount rates. With
increasing discount rates, farmers value short-teemefits such as the carbon payments over
those that might be realised after seven to 10sy&drthe same time, costs borne by farmers in
the first few years are also magnified at highecdunt rates. Our results show, however, that
potential long-term benefits from the sale of casbps at the prices provided by the project
developers are still attractive even for quite péammers. The only option that would be
attractive for very poor farmers, i.e. those withcdunt rates of 30 percent or higher, is that of
dispersed interplantindgidherbig, which we infer is due to the carbon paymentgikes in the

first seven years of the project.
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TABLE 5

Further policy implications can be seen with tlstineation of the lowest break-even
carbon prices in order for NPV to remain non-negmgtin table 6. At relatively low discount
rates, homestead planting, and both fruit orchgstiesns are all profitable even if carbon prices
are zero. In other words with low levels of povefgrmers could still opt to take up these land-
use systems even if they receive no carbon paym@&his implies that we might expect to
observe such land-use systems to be adopted with@igct intervention. Hence, there are
implications in terms of whether the carbon semrest can be considered additional or not, an
observation also made by Aune et al. (2005) foratpeforestry option in Uganda. However, in
reality, we do not observe the spontaneous adopifothese land-use systems. One obvious
reason might be that there are particularly pooméas in the study area who strongly prefer
present to future consumption. If this were theecas. where discount rates might be around 20-
25 percent or higher, then additionality of carbseqguestered would be less of a problem
according to our results. The most expensive cagaguestration system is the woodlot option
(US$ 70-80 per tonne C) followed by the dispersg@rplanting ¢liricidia) (US$ 45-55 per
tonne C), while the cheapest appears to be digpénserplanting faidherbig (US$ 8-10 per
tonne C). At higher discount rates of around 2% @et;, fruit orchard (mango) is competitive with
dispersed interplantingfaidherbig due to the high value of mango revenues in Ilgtars,
although the latter remains by far the cheapesbiopthen rates reach 30 percent.

TABLE 6

5. DISCUSSION
Following Smith and Scherr’'s (2003) work on compgrihe social benefits of a range of carbon
sequestration projects with their attractivenesstestors, we identify and assess trade-offs in

seven land-use systems that can all be describ&msnunity-based’. In this paper, we assess

18



the carbon sequestration potential, cost-effecégenand income generation for each system
along with the role of carbon payments in encourgdarmers to switch to one of the systems in
the N’hambita Community Carbon Project, in centv&bzambique. First, the NPV of each
system is compared with its potential to sequestebon. For the cash crop producing options,
the ranking of NPV correlates with the magnitudenocbme generated by the sale of fruit. These
systems generally have higher NPV compared withfdlbe other options. Regarding the latter
systems, the carbon payments and the costs foblisetment both determine their relative
attractiveness for farmers. We found that carboymeats only offset the costs in one option,
namely dispersed interplanting system wdldherbia albidia Our results build on earlier work
undertaken by Jindal (2008) who, in a livelihoodlgais of the same project, found that it was
too early to judge whether or not these paymente ltfae potential to help move households out
of poverty.

In terms of the efficiency of the land-use systeamsequester carbon on a per ha basis,
dispersed interplanting system wifthidherbiais the most favourable option followed by woodlot
and homestead planting. Furthermore, from the petsg of the buyer, dispersed interplanting
(faidherbig is the most cost-effective land use option relgassd of farmers’ time preferences.
However, given high transaction costs of aroundoéfrent of revenues from the sale of VER
certificates, these land-use systems will certalmdymore expensive than documented in our
analysis. Thus, the overall cost-effectivenessnaf laence, the potential for scaling up this kind
of project as a climate change mitigation tool s$tidne considered in light of these costs.

In summary, our results show mild trade-offs betwearmers’ incomes, carbon
sequestration potential and cost-effectiveness. @alysis also revealed that those land-use
systems that provide higher net benefits to farmsag not provide additional carbon benefits at
lower discount rates. This implies that we mighpent the same land uses to be adopted in the

absence of the project intervention. Given we dootserve this on the ground probably reflects
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the relative poverty of most of the farmers paptating in the project. Those with higher discount
rates of 30 percent or more may only benefit itipgrating in the dispersed interplanting system
with faidherbia albidia From year to year, interplanting withidherbia albidiais the only land-
use system that provides non-negative benefitartodrs. Overall, interplanting witlaidherbia
albidia provides the most attractive balance between theigion of benefits to farmers, cost-
effectiveness to buyers and carbon sequestratitenial. Moreover, it should be noted that
faidherbia albidiais particularly useful in agroforestry becausesiigafless during the raining
season in summer and as a result, does not skedlerops (Roupsard et al., 1999).

Similar to Aune et al. (2005), one of few previausst-benefit studies undertaken on
carbon sequestration land use schemes in Africdpwad that the proportion of income due to
the carbon payments is relatively small when commbavith non-carbon income such as from the
sale of fruit. However unlike Aune et al. who dissithe potential of carbon payments to
contribute to farmers’ incomes due to their smaksand high transaction costs of scheme
implementation, we caution that there may be aoitkili benefits in helping farmers overcome
investment risks during the early years of schemplamentation. In N’hambita, the carbon
payments are paid out over the first seven yeangreas fruit sales do not begin before year
seven. The former occur within a critical phasetlod land-use systems when the plots are
initially established. Moreover, the size of carlmayments along with the schedule of payment
is known with certainty by farmers. As there isyeéttle cash in the community and the land is
mostly used for subsistence, carbon payments mwglitplay a key role in enabling farmers to
invest in plots that could potentially generate enimcome later on. This supports the conclusions
of Coomes et al. (2008) in their study of a ruramenunity participating in an AR scheme in
Panama.

The data used to estimate the carbon sequestyaitential of each system assume a 100

year time horizon. These are the amounts of cativainwere purchased by carbon buyers whose
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payments are distributed to farmers in the firseseyears of the project. Given that the project is
a pilot that officially finished in 2008, there arencerns about the long-run sustainability of such
projects in Africa, particularly regarding the atyilof communities to maintain carbon stocks
over time (see Minang et al., 2007; Perez et QD72

Project planners assume that the land-use systélinsomtinue well into the future with
livelihoods and incomes dependent on continueduymtooh of cash crops and the production of
other commodities, both for domestic use and coroiglesale (see below). However, there is of
course no guarantee that farmers will continuddhd-use options in a sustainable manner, with
repercussions for carbon sequestration. For treellegion of carbon quantities sequestered, long-
term time horizons are only credible if approprigieotocols, including monitoring and
enforcement of farmers’ contracts, are establigbeehsure that farmers do not switch land use
leading to carbon reversals after the project Hasially expired. We note that the 15 percent
risk buffer described in section 3 may not be adégjwo cover all potential risks to the carbon
sequestered over such a long time period. Henceshaee the concerns of Jindal (2008) that
there remain considerable risks in providing, ie flrst seven years of the project, the entire
value of payments for carbon expected to be seensesbver a 100 year period.

There are a number of limitations in the methodsius arrive at the results in this paper.
First, the database for the analysis is relatilieljted and a number of assumptions have had to
be made. Additionally, the value of the NPV is mdkely underestimated, because some
benefits from the plots were excluded. In particuthe income from other products beside
mango and cashew, namely timber and non-timbesfgm@ducts (NTFPs) has been excluded
from the analysis due to missing data. Moreoveg, fihoject developers undertook efforts to
foster activities such as bee-keeping and canang,new, off-farm employment opportunities in
other enterprises associated to the project. Akabuded were non-financial benefits from the

participation in the carbon trading schemes. Thedede business training and investments such
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as the newly-built school. A careful investigatiohthe value of non-financial benefits would
allow for a more complete social cost-benefit asialpf the project.

Project activities are expected to have furtheraotg with respect to the provision of
environmental services other than carbon, includmgdiversity (University of Edinburgh,
2008). Wider biodiversity benefits may, howevergiy depend on the mix of species used.
Given the focus on monocultures in the fruit orchand dispersed interplanting systems,
biodiversity benefits are likely to be very limitdd seeking to re-establish the natural vegetation
of miombo woodland the woodlot system, on the ottaerd, might provide the highest levels of
biodiversity due to the planting of the highest mem of tree species of all the options
(University of Edinburgh, 2007b). If this is theseathen a further trade-off becomes clear: the
most attractive land-use system from the perspectiv farmers, i.e. the fruit orchard and
dispersed interplanting options, not only sequdstes carbon per ha than the woodlot option but
are also less likely to provide wider biodiverdignefits compared to the woodlot option.

Finally, the use of NPV assumes that farmers veipond rationally to price signals.
Unlike, for example, the study of Mexican farmeyse Jong et al. (2000), it is not clear that
this is the case for farmers in Mozambique. One t@apvestigate this is to assess participation
rates of farmers in each land use activity aftgpléementation. Such an analysis was undertaken
by Jindal (2008). While still early days for theopact, this study found that larger households and
those with more farmland had a higher probabilitparticipating. For a better understanding of
what drives land-use behaviour, a follow-up studgwd be undertaken in the coming years. In
addition, an econometric analysis using panel datdt enable the project developers to gauge
the relative environmental effectiveness of eachddase system with respect to carbon

sequestration.

6. CONCLUSION
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In this paper, we present a preliminary assesswoifetiie N'hambita Community Carbon Project
in Mozambique, which was officially launched in 30&ince project launch, there has been high
interest among farmers in participating in the @ctj For seven land-use systems, we have shown
that trade-offs exist between raising farmers’ imes to alleviate poverty, carbon sequestration
potential and cost-effectiveness. Interplantinghwididherbia appears to provide the most
attractive balance among competing policy goals. Naee also shown that carbon payments
have some potential to alleviate poverty and eragrirural development. Specifically, carbon
payments provide much-needed cash for investmangemerating income in the long-run, e.g.
from cash crops.

The danger, of course, then resides in creatingpermtency on incomes derived from
volatile cash crop markets. Mozambique was oncéobhatj leader in cashew production, for
example, a situation that changed from the 1970gwais due to a combination of civil war and
increased global competition (for example, see Hbich et al., 2003). In order to minimise the
risk of exposure to these markets, the project ldpees have implemented a range of other
income-generating opportunities, including beekegpcarving, and limited timber production
alongside investments in local infrastructures Isiill to be shown, however, whether or not these
are sufficient for long-run project sustainabildgd permanence of the carbon sinks grown on the
plots. As noted, further research on farmer pgration and actual rather than potential benefits
received by farmers alongside the environmentacéffeness of the project is needed in the
future.

The project is being used as a template for sinpitajects in Mozambique and possibly
other countries. Including N’hambita, Envirotraderrently has three carbon projects in
Mozambique. Given that the long-term impacts of ghgject will not be known for some time,
this paper provides only limited guidance on howeotprojects might be implemented. Two

issues, in particular, should be considered foraNihita and similar projects. First, given that
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carbon buyers have paid for the potential carb@uestered over a period of 100 years, robust
systems need to be in place to ensure the long-tability of carbon sinks. New investors

participating in a potential expansion of AR pragein a post-2012 climate framework may need
more assurances that their investment will endesoibd a time-frame of a few years. Second,
the project suffers from relatively high transaoticosts, which would need to be reduced if
future projects are to attract new investors anthaes allow more carbon benefits to flow to

farmers. It should also be noted that N’hambita lesefited from intense support from outside
organizations such as the EU. Scaling-up thussafeequestion of who should bear the cost, e.qg.
of ‘core funding’, of projects. Furthermore, thecassary institutions such as reasonably clear
and enforceable property rights need be in placsufport such an intense intervention on a

much larger scale.

! Note that the official objective of the CDM isachieve cost-effective reductions of GHG emissighile
enabling sustainable economic development in hmshtcies. See text of the Kyoto Protocol, partidyl@rticle
12.2 under http://unfccc.int/essential_backgrouyoltx protocol/items/1678.php, retrieved on 2008266-

2 More broadly, possible trade-offs between poveligviation and the provision of environmental sezs by the
poor in developing countries have been examinediimerous studies, e.g. Grieg-Gran et al., 20050Raet al.,
2005; Bulte et al., 2008.

3 Seewww.planvivo.org

* The Human Development Index (HDI) gives a reldgi@mplete picture of the level of developmenaafountry.
It includes live expectancy, illiteracy and Grossniestic Income (GDI) per capita. At 0.384, Mozarmleig HDI is
well below the mean of Least Developed Countrid3@), at 0.488 (UNDP, 2007).

® Nevertheless, it was also noted that such steegay also lead to new problems and risks foreptafpvestors
(see Coomes et al., 2008).

® Named after the Swahili word for the dominatingge ofBrachystegiaand spread over large parts of Southern

Africa, miombo woodland consists of seasonally diegiduous woodland (Williams et al, 2008). The ggnio the
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dry Eastern Miombo woodlands in Mozambique is senahan 15m and can be described as ‘a kind oédlos
canopy savanna’ (Sambane, 2005).

" See: http://www.envirotrade.co.uk/Pages/mozambigustdevel.htm and www.miombo.org.uk

8 We observe that the inputs and practices usetkifand-use systems adopted in the project argriss$ico closely
resemble those usednmachambaultivation. For example, fertilizers are usedimei inmachambaultivation nor
in project land-use systems.

 Between 2005 and 2007, 79,658 tonnes of ®&re sold in the form of VER certificates for galoof US$ 639,374
of which US$ 339,059 were recovered as costs byr&nade including certification costs (Universa§ Edinburgh,
2008). Thus, transaction costs accounted for o@gyescent of carbon sale revenues.

Y while a seven year period seems to be relativedytgor carbon that is to be stored over 100 yedais
comparable to other PES schemes, such as the j@®Aq por servicios ambientajescheme in Costa Rica, where
the payments are paid out over five years (Choetitd., 1999).

1 See: www.agroforestry.net/tti, retrieved on 206800..

121 abour costs are estimated using standard day f@t€006 (W. Garrett, personal communication,808-06).

3 The average age nfachambaseported by Jindal (2004) is 6.7 years, followgdatfallow time of 10—20 years.

14 Available online at: http://www.sima.minag.org.m@trieved on 2008-05-13.
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FIGURES AND TABLES

Table 1: Average carbon storage, baseline, bufferfradable carbon and total carbon

payments of the seven land-use systems.

Tradable
Average carbon Total carbon
Baseline Buffer carbon
Land use system storage over 100 payments
[tC/ha] [tC/ha] credits
years [tC/ha] [US $/ha]
[tC/ha]
Boundary planting 12.92 0.00 1.94 10.98 270.53
Homestead
42.05 0.00 6.31 35.74 880.49
planting
Fruit orchard
40.14 2.80 5.60 31.74 781.87
(cashew)
Fruit orchard
34.00 2.80 4.68 26.52 653.30
(mango)
Woodlot 61.30 11.30 7.50 42.50 1,046.95
Dispersed
interplanting 10.00 0.00 1.50 8.50 209.39
(gliricidia)
Dispersed
interplanting 58.20 0.00 8.73 49.47 1,218.65
(faidherbig

Source: Authors’ calculations based on informapoovided by the Edinburgh Centre for Carbon

Management (ECCM)
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Table 2: Potential annual yields and generated incoe in the three land-use systems with

commercial fruit production.

Year after planting 1to 6 7 8 9 >10
Fruit orchard  Yield relative to
0% 25% 50% 75% 100%
(cashew) mature yield
Absolute yield
0 175 350 525 700
[kg/ha]
Income [US$/ha] 0 85.75 171.5 257.25 343
Fruit orchard  Yield relative to
0% 25% 50% 75% 100%
(mango) mature yield
Absolute yield
0 1,250 2,500 3,750 5,000
[kg/ha]
Income [US$/ha] 0 262.5 525 787.5 1,050
Homestead
Income [US$/ha] 0 139.30 278.60 417.90 557.20
planting

Source: Azam-Ali and Judge (2004); Traditional Tir&gative (2008); University of Edinburgh

(2008); authors’ calculations
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Table 3: Costs for establishment and maintenance@osts’) and annual benefits from crop

production under the alternative land use B for the different land-use systems.

Costsinyear1l Costsinyears2to5

Land use system Bo [US$/ha]
[US $/ha*yr] [US $/ha*yr]
Boundary planting 100 40 1.61
Homestead planting 480 200 8.05
Fruit orchard (cashew) 480 200 8.05
Fruit orchard (mango) 520 200 8.05
Woodlot 1,100 430 8.05
Dispersed interplanting
145 62.5 0
(gliricidia)
Dispersed interplanting
145 62.5 0

(faidherbig)

Source: Edinburgh Centre for Carbon Management (#C&hd authors’ calculations.
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Table 4: Key parameters of the seven land-use optis: costs for establishment, total

carbon payments, total revenues from the sale of sh crops and NPV over 20 years.

Total
revenues from
Total costs for Total carbon NPV over
sale of cash
Land use system establishment payments 20 years
crops over 20
[US$/ha] [US$/ha] [US$/ha]
years
[US$/ha]
Boundary planting 260 270 0 -20
Homestead planting 1,280 880 6,965 1,482
Fruit orchard (cashew) 1,280 782 4,288 673
Fruit orchard (mango) 1,320 653 13,125 2,970
Woodlot 2,820 1,047 0 -1,536
Dispersed interplanting
395 209 0 -158
(gliricidia)
Dispersed interplanting
395 1,218 0 587

(faidherbig)

Source: Edinburgh Centre for Carbon Management (#C&hd authors’ calculations.
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Table 5: NPV at carbon price of US$ 24.63/tC at diérent discount rates (dr)

NPV over 20
dr: dr: dr: dr: dr: dr: dr: dr:
years
3% 5% 10% 15 % 20% 25% 30% 35%
[US$/ ha]
Boundary
-20 -20 -20 -21 -21 -22 -21 -21
planting
Homestead
4,095 3,057 1,482 698 289 69 -53 -121
planting
Fruit orchard
2,235 1,612 673 214 -18 -138 -200 -230
(cashew)
Fruit orchard
7,923 5,957 2,970 1481 701 278 40 -95

(mango)
Woodlot -1,7917 -1,709 -1536 -1,396 -1,280 -1,1811,096 -1,022
Dispersed
interplanting  -177 -171 -158 -146 -135 -125 -117 -110
(gliricidia)
Dispersed
interplanting 738 688 587 509 447 399 359 327

(faidherbig)

Source: Authors
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Table 6: Break-even prices (US$) at different disamt rates (dr)

Break-even carbon

dr: dr: dr: dr: dr: dr: dr: dr:
price for NP\s= 0
3% 5% 10% 15% 20% 25% 30% 35%
[US$/tC]
Boundary planting 27 27 27 28 28 28 29 29
Homestead
0 0 0 0 11 21 28 32
planting
Fruit orchard
0 0 0 14 26 33 38 41
(cashew)
Fruit orchard
0 0 0 0 0 4 21 33
(mango)
Woodlot 71 72 74 75 77 78 79 80
Dispersed
interplanting 48 48 50 51 52 53 54 54
(gliricidia)
Dispersed
interplanting 8 8 8 9 9 9 9 9
(faidherbig

Source: Authors
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Figure 1: Comparison of mean carbon sequestrationgiential (tC/ha) vs. NPV over 20

years after the establishment of the land-use systes (US$/ha).
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Figure 2: Comparison of carbon cost-effectivenestJS$/tC) vs. NPV over 20 years after the

establishment of land use-systems (US$/ha).
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Figure 3: Annual net benefit for farmers of the seen land-use systems in US$ per ha over
the first 20 years. Legend: (1) fruit orchard (man@); (2) homestead planting; (3) fruit
orchard (cashew); (4) dispersed interplanting f@idherbia); (5) boundary planting, (6)

dispersed interplanting (@liricidia); (7) woodlot.
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Note: Dotted lines represent systems including theultivation of cash crops.
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