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Reducing emissions from deforestation and forest degradation plus (REDD+) encourages economic support for
reducing deforestation and conserving or increasing existing forest carbon stocks. The way in which incentives
are structured affects trade-offs between local livelihoods, carbon emission reduction, and the cost-effectiveness
of a REDD + programme. Looking at first-hand empirical data from 208 farming households in the Bolivian
Amazon fromahousehold economyperspective, our study explores twopolicy options: 1) compensated reduction
of emissions from old-growth forest clearing for agriculture, and 2) direct payments for labour input into sustain-
able forest management combined with a commitment not to clear old-growth forest. Our results indicate that
direct payments for sustainable forest management – an approach that focuses on valuing farmers' labour input
– can be more cost-effective than compensated reduction and in some cases is the most appropriate choice for
achieving improved household incomes, permanence of changes, avoidance of leakages, and community-based
institutional enforcement for sustainable forest management.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

A decision taken by the United Nations Framework Convention on
Climate Change (UNFCCC) at the Copenhagen Conference of Parties in
2009 highlights “the importance of reducing emissions from defores-
tation and forest degradation, and the role of conservation, sustain-
able management of forest and enhancement of forest carbon stocks
in developing countries” (Decision 4/CP.15). By taking this decision
concerning the Reducing Emissions from Deforestation and Forest
Degradation plus (REDD+) mechanism, the UNFCCC intended to
make available economic support not only for reducing deforestation
rates, but also for conserving or increasing existing forest carbon
stocks using sustainable forest management (UNFCCC, 2010). At the
same time, the convention also recognized “the need for full and ef-
fective engagement of indigenous peoples and local communities in,
and the potential contribution of their knowledge to, monitoring
and reporting of activities” (Decision 4/CP.15). These decisions are
particularly important with a view to supporting multifunctional
community- or family-based forest management in situations where

individuals are highly dependent on forest for their livelihoods
(Sunderlin et al., 2008). Focusing on sustainable forest management
means going beyond mere compensation for emission reductions and
also thinking about economic activities with co-benefits that can viably
link conservation strategies with local livelihoods.

However, linking REDD + schemes to sustainable forest manage-
ment poses methodological challenges associated to baseline definition,
implementation, and monitoring, especially regarding counterfactual
scenarios for establishing socio-economic impacts (Caplow et al.,
2011). In this regard, Skutsch et al. (2011) suggest considering at
least the following two types of REDD + design: 1) payments to
compensate the management of carbon outputs, that is, fixed pay-
ments to a forest managing unit based on the amount of carbon
fixed compared to a baseline value and on an assessment of opportu-
nity costs; 2) payments to compensate the management of inputs,
such as agreeing to meet certain specific norms of sustainable forest
management.

In the first type of REDD + design – output-based compensated
reduction – compensation payments are based on verified reductions
of carbon emissions (Bellassen and Gitz, 2008; Börner et al., 2010;
Milne and Adams, 2012; Sandker et al., 2010). Payments generally com-
pensate at least the opportunity costs of not converting forest into
other, more profitable land use categories (e.g. agriculture, pasture,
perennial crops). Forest users are expected to respect the emission re-
duction agreement; compliance has to be monitored and assessed on
a regular basis (Skutsch et al., 2011). Compensated reduction models
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are oriented strictly towards conservation and hence do not require
labour inputs. Consequently, they are potentially less beneficial to poor
and landless labourers (Grieg-Gran et al., 2005). Indeed, they can trigger
migration from rural to urban areas or lead to high carbon leakage
and difficulties in ensuring the permanence of carbon sequestration
(Dargusch et al., 2010; Wunder et al., 2008). High transaction costs and
unequal benefit sharing due to insecure land rights and systemic
effects on local market prices for basic food products have also been
mentioned as problematic aspects of compensated reduction approaches
(Grieg-Gran et al., 2005; Peskett et al., 2008). Furthermore, designing
compensated reduction approaches across multiple scales poses meth-
odological challenges (Cattaneo, 2011). More importantly, however,
valuing forests based on a utilitarian strategy that focuses exclusively
on conservation leads to the commodification of forests; this, in turn,
can have counterproductive effects and might even increase environ-
mental degradation in the long run (Gómez-Baggethun and Ruiz-Pérez,
2011; Muradian et al., 2013). Market mechanisms for compensating dif-
ferential opportunity costs through carbon offset trading have been
presented by some as a new mechanism of wealth redistribution from
poorer to wealthier classes (McAfee, 2012).

These issues are particularly relevant in Bolivia, where President
Evo Morales has condemned the “commodification of nature” pro-
moted by the REDD + programme.1 The main argument, also shared
by a number of scholars (McAfee, 2012), is that Western countries
must reduce their own emissions before implementing global mech-
anisms that constrain the development options of forest users in
poor countries. Seeking to reorient forest policies away from the
commodification of ecological services, the Bolivian government has
practically paralyzed all ongoing REDD + programmes.

The second type of REDD + design – input-based sustainable forest
management— relies on radically opposite principles. The basic idea is
to reduce CO2 emissions by improving forest management techniques,
for example by establishing certification mechanisms and legal com-
modity chains in order to make forestry more sustainable economically
and ecologically. In addition, achieving these goals requires improving
local capacity, institutions and forest management techniques by
means of adequate publicly funded incentives in a first step. In this
sense, input-based sustainable forest management schemes are closely
related to the widely known framework of integrated conservation and
development projects (ICDPs), whose limits have long been assessed
and which were criticized mainly for their low cost-effectiveness
(Blom et al., 2010; García-Amado et al., 2013; Wunder and Albán,
2008).

In view of the drawbacks of both compensated reduction and
sustainable forest management approaches, the question arises
whether it would be possible to merge or combine them to create
a more balanced mechanism, and whether this could be done
taking advantage of the REDD + debate and the related interna-
tional mobilization and funding opportunities (García-Amado et
al., 2013). This second aspect in particular calls for more knowledge
about whether the financial means currently available to ‘buy’ car-
bon emission reductions could be used more efficiently to support
and redirect local forest users’ labour input into sustainable forest
management.

Currently Evo Morales' government seems to be more inclined to-
wards an input-based sustainable forest management approach than
compensated reduction (PSB, 2012:13). The problem is, however,
that Bolivia's current forest regime has a very low capacity for man-
agement due to its institutional and financial situation (Pacheco et
al., 2010). A recent evaluation has shown that only 5% of Bolivia's po-
tential for sustainable forest management has been realized so far,

and that 50% of the extracted timber is still cut illegally (Pellegrini
and Dasgupta, 2011). During the last decade, the government’s
main policies focused on a redistributive land reform influenced by
the corporative interests of Evo Morales' political basis (Bottazzi and
Rist, 2012). Concrete solutions are certainly needed in the forestry
sector, which is characterized by a lack of clear policies, disintegrating
forest management mechanisms, and accelerating deforestation and
forest degradation (Pacheco et al., 2010; Pellegrini and Dasgupta,
2011; Redo et al., 2011).

The idea of reorienting REDD + instruments towards sustainable
forest management opens a new field of research that is relevant
not only to Bolivia, but to most tropical forest countries, and that cen-
tres around the following question: What are the potentials and con-
straints of converting REDD + mechanisms into an instrument for
enhancing community and family forestry? Such an approach could
help to prevent REDD + interventions from unilaterally benefitting
large-scale forest owners and related national or transnational
private corporations (Barr and Sayer, 2012; Börner et al., 2010;
Tienhaara, 2012). Refocusing REDD + on the needs and particulari-
ties of sustainable community and family forestry also resonates
better with equity- and rights-based definitions of sustainable devel-
opment (Jaung and Bae, 2012).

However, in order to enable the selection of an appropriate mecha-
nism to support community forestry, it is necessary to first solve a num-
ber of pending methodological questions, especially regarding the
estimation of opportunity costs. In some cases, opportunity costs in
REDD + projects are calculated considering only the net revenue
from agriculture (profit). Such approaches presuppose an ideal labour
market that would allow farmers to compensate the reduction in
work brought about by the project by finding alternative wage labour
or independent activities in areas nearby (Bellassen and Gitz, 2008).
This assumption is highly problematic, given that alternative employ-
ment opportunities are often scarce at the forest frontier. Displacing la-
bour by giving up agriculture means further constraining farmers'
opportunities to find another job (Grieg-Gran et al., 2005; Peskett
et al., 2008). Under such circumstances, assuming farmers' interest in
participating in a payment for environmental services (PES) scheme
without considering their future employment options can lead to low
participation once the programme is implemented. For this reason,
the opportunity cost of foregone labour should be taken into consider-
ation when assessing potential REDD + mechanisms. This means con-
sidering the value of farmers’ labour inputs into their land in baseline
assessments and including it in incentives for carbon sequestration.
This is the reasoning followed by Skutsch et al. (2011), who propose
a “system in which communities are paid for their services in
measuring and monitoring carbon stock, combined either with con-
ditionalities for forest management, or with a supplementary pay-
ment related to carbon performance” (Skutsch et al., 2011: 150).
Indeed, this proposition is very provocative, but also challenging,
and further empirical and conceptual modelling is required in
order to test its feasibility.

The present study explores the practical implications of leveraging
incentives for sustainable forest management to obtain reductions in
deforestation, as opposed to a financial incentive directly compensat-
ing reductions. The main difference between the two approaches is
that an incentive for sustainable forest management subject to a
cross-compliance condition regarding deforestation lends itself better
to integrating the fundamental aspect of community-based labour re-
quirements. The study is based on empirical data on trade-offs and
synergies between agriculture, forestry, carbon emissions, and local
land users' labour investments in the concrete case of eleven commu-
nity forests in the lowlands of Bolivia. This article focuses on the
modelling of two scenarios: 1) an output-oriented scenario of com-
pensated reduction of emissions from old-growth forest clearing
based on a flat rate payment; and 2) an input-oriented scenario of
payment for labour required for sustainable forest management

1 http://pwccc.wordpress.com/2010/10/07/presidents-letter-to-the-indigenous-
peoplesnature-forests-and-indigenous-peoples-are-not-for-sale/ (accessed on
20 December 2012).
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combined with a commitment not to clear old-growth forest. In order
to enable comparison of the two scenarios, the underlying economic
and ecological model must be based on first-hand agronomic and
forestry data.

2. Material and Methods

2.1. Data Collection

This paper results from a two-year research project on community-
based sustainable forestmanagement in indigenous Tsimane and Andean
migrant settlements located in thebuffer zoneof the Pilón Lajas Biosphere
Reserve and Indigenous Territory in the Beni department of Bolivia,
350 km north of La Paz. Fieldwork was carried out from February
to July 2011, by an interdisciplinary team composed of 3 socio-
anthropologists, 2 forestry scientists, 1 spatial analyst (remote sens-
ing), and 1 agronomist. An economist provided additional expertise
for the analysis and interpretation of the field data. Data collection
for this article included a household survey (N = 209) among
Tsimane’ Amerindians (N = 61) and Andean settlers (N = 148), as
well as participatory forest measurements (N = 337) carried out
with the communities involved (N = 11). More specifically, data
were collected by the following methods:

1. Focus group and interviews: In each community, research started
with a focus group consisting of communitymembers in order to un-
derstand the main social, institutional, and historical characteristics
of each settlement. Based on interviews with key persons we also
established a precise model of productive activities in the village, in-
cluding costs, labour requirements, and level of commercialization
for the most important marketable products of the area, which are
rice, maize, cassava, plantain, cattle, and timber (N = 40). Informa-
tion about inputs, wage labour, and product market prices collected
during these interviews was then cross-checked against secondary
data provided by relevant stakeholders, NGOs, and government
services.

2. Household surveys: Farmers were asked to draw their parcels and
mark the location of each specific crop and mixed crops, indicating
cultivation periods, the surface cultivated, and yields. Farmers were
also askedwhat proportions of the land they had cleared for crop cul-
tivation had previously been old-growth forest and fallow land, re-
spectively. The focus was on the surface cleared in 2010, looking
back on the one-and-a-half years preceding the survey. In 20% of
the cases, we visited the parcels to observe the crops and asked
more specific questions about agricultural techniques, cropping cal-
endars, and uses of products. This enabled us to assess the surfaces
cleared by each household for each crop or combination of crops.
Farmers' estimations of their cleared surfaces correspond closely to
direct physical measurements carried out by researchers in this
area (Reyes-García et al., 2003). Farmers' perceptions of the impor-
tance of each source of income (e.g. agriculture, forestry, wage la-
bour) within the household economy were also recorded in the
survey. Household representatives were asked to weight images
depicting the various sources of income by distributing 25 tokens
among them. The same method was used to determine the propor-
tions of time invested in each productive activity and the importance
of each activity in terms of direct consumption (or subsistence use).

3. Forest measurement: A forest measurement inspired by Interna-
tional Forestry Resources and Institutions (IFRI)2 methodology
was conducted to assess above-ground biomass, species diversity,
and carbon sequestration. We first used recent SPOT images pro-
vided by the Planet Action programme3 to divide the forest surface

into two categories for each community: old-growth and young-
regrowth forests. Then we randomly selected 30 to 90 forest
plots in each settlement using the automatic function of the
ArcMap software. Each plot consisted of a circular area with a radi-
us of 10 m, in which we measured the diameter at breast height of
all trees and saplings. In a smaller circle of 1 m radius at the centre
of each plot, we additionally recorded all natural regeneration
and individual herbaceous plants. Most plots were located in old-
growth forests, where forestry activities are usually possible and
for which we wanted to obtain comparative results (N = 330).
When an automatically defined plot was in an area where the for-
est was not accessible on foot, we redefined the plot by moving it
100 m to the west. Forest sampling was carried out in direct col-
laboration with hired villagers. During this process, we gathered
useful information about forest use and the value of products on
the local market.

2.2. Data Analysis

The agronomic and forestry data collected were then used to cal-
culate 3 classes of interrelated variables.

First, on the basis of agronomic variables, we defined scenarios of
agricultural production for each community depending on their
current practices. Each scenario was constructed taking into account
the given community's preferences for mixed crops and successional
crops, according to a methodology that had already been applied in
similar areas (Malky et al., 2012; Pagiola, 2009). Depending on
these scenarios, we calculated the net present value of agricultural
production per hectare in each community.

Second, we used the forestry data collected to characterize each
community forest based on 3 main indicators: species diversity (H'),
above-ground biomass, and the amount of carbon stored in each forest.
We calculated species diversity (H') using the Shannon–Wiener index
(Önal, 1997). Above-ground biomasswas estimated based on the calcu-
lation of stem biomass and a biomass expansion factor for branches and
leaves using Brown's methodology (Brown, 1997). The total carbon
stored in the total above-ground biomass was calculated using a corre-
spondence factor provided by a relevant model in this field of research
(Brown and Lugo, 1992; IPCC, 2003). In this way, we obtained a precise
estimation of annual carbon emissions per hectare deforested for agri-
cultural purposes.

Third, we used forest data to assess the timber production ca-
pacity of each forest that would be placed under a rotational for-
est extraction regime (Pattie et al., 2003). On this basis, we
calculated the forest’s commercial volume per hectare, its annual
trade volume, net annual revenue from forest extraction, and the
total labour required for sustainable management activities per
hectare.

Finally, we entered relevant variables – such as the area
deforested for agriculture, carbon emissions per hectare, net pres-
ent value of agriculture, and forest productivity – in an enterprise
budget model (Gittinger, 1982) to assess the trade-offs related to
the compensated reduction and the sustainable forest management
scenarios that are detailed in Sections 3.3. and 3.4. In this article, we
focus on profits and implicit wages as two separate components of
opportunity costs, and examine the implications of different
REDD + designs for these two components from a smallholder's
perspective. Based on the size and productive capacity of their com-
munity forests, settlements were classified into two categories:
those with more than 1000 ha of old-growth forest and hence a
higher potential for forestry, labelled “forestry settlements” (N = 5);
and those with less than 1000 ha of old-growth forest but sufficient
young-regrowth forest and agricultural land, and hence a higher poten-
tial for agriculture, labelled “agricultural settlements” (N = 6). This di-
vision was based on the hypothesis that villages with insufficient

2 http://www.ifriresearch.net/.
3 http://www.planet-action.org/.
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forest size should not present great potentialities for sustainable forest
management scenario.

2.3. Case Study: the Pilón Lajas Biosphere Reserve

The Pilón Lajas Biosphere Reserve and Indigenous Territory is lo-
cated 350 km north of La Paz in the outer limits between the western
cordillera of the Andes and the plains of the Beni department. The
area is characteristic of tropical rainforest ecosystems, which are
found in several parts of the world, including South and Central
America, Southeast Asia, and sub-Saharan Africa. Despite the dense
vegetation and high level of biodiversity in rainforests, soil quality is
often poor; once the land has been cleared and used for agriculture, it
takes about 5 to 10 years for the soil to recover its productive capacity
(Lieth andWerger, 1989). Tropical rainforests play amajor role in carbon
sequestration and have become themain target of REDD + programmes.
The selected eleven communities are inhabited by a mix of indigenous
people and Andean migrants. The latter moved to the area in the
1980s from the highlands. Similar population mixes can be found in
the Andean piedmont in Ecuador, Peru, Bolivia, and northern Argentina
(Rudel et al., 2002).

The statute of the Pilón Lajas Biosphere Reserve – which was
established in 1992 – permits managed and moderated timber ex-
traction in the reserve's buffer zone. This is where the studied com-
munities are located. Timber may be extracted for commercial
purposes under the condition that the community follows a forestry
management plan procedure as stipulated by the national forestry
law; this plan must include a polycyclic rotation of harvesting areas.
4 This condition is hard for local users to fulfil. Their main problem
is that management plans are costly and hard to manage efficiently
without external assessments, appropriate monitoring procedures,
and an adequate infrastructure. In view of these difficulties, most
local users prefer to bypass the formal rules and extract timber ille-
gally, selling it on the black market, before converting the land into
cropland and pastures (Bottazzi, 2009).

3. Results

3.1. Local Productive Strategies in Forestry and Agricultural Settlements

The data on land cover, forests, and agriculture indicated in Table 1
reflect the categorization of villages into “forestry settlements” and
“agricultural settlements”: forestry settlements have a higher potential
for sustainable forest management than agricultural settlements, based
on larger forest surfaces (averaging 2284 ha), higher biomass density
(342 t/ha), and greater species diversity (H' = 3.51) in old-growth
forests. Forestry settlements are generally involved in sporadic timber
extraction activities under informal institutional arrangements with
other commodity chain actors. These activities typically yield extremely
low profits. In some cases, standing trees are directly sold to external
forest operators, without any labour input from the community. In
such cases, the price per tree is below US$ 20, and sometimes the
trees are not sold, but bartered for merchandise or alcohol. In other
cases, community members decide to invest their own labour in timber
extraction.Money to cover the costs of inputs – such as chainsaw rental,
oil, and food supply – is often advanced by illegal timber traders, keep-
ing the net benefit to the community very low. Timber prices on the
black market in the area range between US$ 0.10 and 0.30 per cubic
metre, depending onwood quality, whereas prices on the certifiedmar-
ket are considerably higher, ranging between US$ 0.25 and 0.52 per
cubic metre (own observations). The absence of technical capacity to
fulfil the formal requirements of certified extraction also clearly shows
in the quality of the final product, which fails to meet international
standards for export, reducing prices by another 50% (Hjortsø et al.,
2006). According to our survey, income from timber extraction in forest
settlements represent only 8% of total household incomes, while
agriculture and cattle account for 41%. Revenues from the sale of timber
are invested in agricultural inputs, such as seedlings or cattle, or spent
on consumption. Families complement the limited profit from un-
sustainable logging activities by converting forest into more profitable
agricultural land, leading to the area's high average annual deforesta-
tion rate of 1.3% between 1987 to 2006 (Bottazzi and Dao, 2013). Inhab-
itants of agricultural settlements generally rely very little on forest
extraction (5% of household incomes); this is due to the reduced forest
surface in their villages (485 ha on average). Their household produc-
tive strategies are mainly based on annual (1.8 ha), semi-perennial
(1.3 ha), and perennial (0.9 ha) crops, as well as on small-scale cattle
ranching. These activities together account for 55% of household
incomes.

The slightly greater size of surfaces cleared in agricultural set-
tlements is reflected in their focus on agriculture, and particularly
rice cultivation. After the rice is harvested, it is followed by
maize, cassava, and plantain, which are often planted on the
same plots originally cleared for rice. Once these annual crops are
harvested, the plantains remain in production for 2–3 more
years, followed by 5–10 years of fallow with natural forest regen-
eration. Due to its high nutrient requirements, rice is often planted
in areas cleared from old-growth forest, where soils contain more
nutrients than on plots previously used for agriculture and then
left fallow. For this reason, rice has the highest impact on defores-
tation (Vadez et al., 2008). Each year, families also plant a few pe-
rennial crops, such as cocoa and citrus fruits, mainly for their own
consumption.

Revenue fromagriculture and other activities are sometimes invested
in cattle, which are kept on agricultural plots after harvesting, impeding
forest regrowth. After several years of cattle grazing, the land becomes
unproductive and is abandoned, and new forest areas are cleared.
This leads to substantial deforestation and forest degradation. These
processes cause environmental damage through carbon emission and
loss of biodiversity, and they are also unsustainable for farmers them-
selves, who are forced to constantly find new forested areas to clear for
their crops.4 Forestry law N°1700 of 1996.

Table 1
Average demographic and basic land cover characteristics of the forestry settlements
(N = 5) and agricultural settlements (N = 6) studied for 2010.

Forestry
settlements
(N = 5)

Agricultural
settlements
(N = 6)

Standard
deviation
(N = 11)

Social data
Year of establishment 1974 1981 12
Number of families 19 19 4.8

Land cover (ha)
Old-growth forest 2284 485 1495
Fallow and grazing land 198 198 151
Permanent crops and young regrowth 346 461 147
Other land use 96 212 119
Total 2924 1355 1451

Forest data
Forest species diversity H' 3.51 3.31 0.33
Biomass density, old-growth forest (tC/ha) 342 262 103
Carbon density, old-growth forest (tC/ha) 171 131 52

Cropland (ha per family)
Annual crops 1.4 1.8 0.6
Semi-perennial crops (plantain) 1.2 1.3 0.8
Perennial crops (cocoa, citrus fruits) 0.7 0.9 0.7
Total average cropland 1.1 1.3 0.4
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3.2. Opportunity Cost of Emission Reduction Based on Current Land Use

In Bolivia, very few studies have estimated the opportunity cost
of agricultural land use; their results vary depending on the areas af-
fected by deforestation and the type of counterfactual scenario used
in the PES schemes studied (Grieg-Gran, 2006; Silva-Chavez, 2005).
Table 2 presents the average socioecological outcomes per family of
one year of agriculture and forestry in the settlements studied,
based on primary data from each community for 2010. The average
surface each family cleared for new crops in 2010 was 1.55 ha,
which corresponds to a net present value per family of approximate-
ly US$ 991 in agricultural settlements and US$ 628 in forestry settle-
ments. This is almost half of the values that Grieg–Gran obtained for
large-scale agriculture in the area of Santa Cruz (2006). Two thirds of
the total cleared surface was cleared from fallow land and one third
from old-growth forest, resulting in an average annual emission of
474 tCO2 per household. Agriculture and forestry require an average
labour input of 174 days per family, which represents one third of
the total labour investment in all livelihood activities (including
also wage labour on other agricultural farms, domestic activities,
and production of small-livestock). Only the labour inputs in agricul-
ture and forestry were considered in this study. Based on the above
values, we calculated an average opportunity cost of forgone profit
from agriculture of US$ 1.94 per ton of CO2 not emitted (Fig. 1).

This result corresponds well with similar work carried out in a near-
by area (Malky et al., 2012)5 but remains extremely low compared
to estimates for the region of Santa Cruz (Grieg-Gran, 2006). The
average opportunity cost of labour is almost double that of profits.
If we add up both components and include transaction and imple-
mentation costs, we get a total cost of reducing carbon emissions
of around 6.3 US$/tCO2; on this basis, reducing carbon emissions
by 100% in 2010 would have cost each settlement an average of
US$ 53,200.

Fig. 1 presents the calculated average opportunity costs of reduc-
ing emissions from clearing old-growth forest and fallow land by 1
tCO2 for both forestry and agricultural settlements. The opportunity
cost of emission reduction per ton of CO2 is much lower for old-
growth forest because its carbon density is considerably higher than
that of fallow land. Fig. 1 also clearly shows that the labour compo-
nent of opportunity costs is almost twice as high as the profit compo-
nent (inputs without labour) both for old-growth forest and fallow
land.

The following sections present the trade-offs between household
incomes, carbon emission reduction, and the cost-effectiveness of an
output-oriented and an input-oriented REDD + payment scheme, re-
spectively. The first scenario follows an output-based PES approach,
compensating the reduction of emissions from clearing old-growth
forest with a flat-rate payment (5 US$/tCO2) (Bellassen and Gitz,
2008). The second scenario explores the option of providing payment
for the labour input required for more sustainable forest management,
based on the implementation of a sustainable forest management
plan. This payment is additionally conditioned by a commitment to
stop deforestation in old-growth forest (Fig. 2).

3.3. Scenario 1: Compensated Reduction of Emissions from Old-Growth
Forest Clearing

Scenario 1 takes present land use patterns as a business-as-usual
baseline, using the empirical data collected (Table 2). The scenario as-
sumes that villagers conclude an agreement with the state to stop
clearing old-growth forest, while maintaining agricultural production
on previous fallow land and young-regrowth forest. As an incentive
for farmers to conserve their old-growth forests we hypothetically
defined a compensation payment of US$ 5 per additional ton of CO2

stored in their forest compared to business as usual. This amount cor-
responds approximately to the opportunity cost calculated for the
study area. Based on previous studies and preliminary data from our
survey, we assumed that limiting crop production to previous fallow
land would entail a 20% reduction of average yields (Pascual, 2005;
Vadez et al., 2008). We calculated the expected values of the system's
main input and output variables, notably changes in farmers' labour
inputs, the reduction of carbon emissions, the net present value of
agricultural production, and the total amount of net cash payments
for carbon sequestration based on the compensated reduction
scheme.

The data presented in Table 3 indicate that a complete avoidance
of old-growth forest clearing represents a 59% reduction of carbon
emissions compared to business as usual as calculated in the previous
section. As one would expect, if incentives compensate the opportu-
nity cost, the benefits for communities, especially for agricultural
settlements, are higher than with business as usual: their income in-
creases by 20% compared to opportunity costs due to the additional
benefit from the carbon offset price (5 US$/tCO2) and the high con-
centration of carbon in old-growth forest. This model also releases
almost 40% of farmers' labour while maintaining two thirds of the total
agricultural production (the part implemented on fallow land). The cost

Table 2
Average productive features and carbon-emission data of agricultural and forestry set-
tlements under current conditions (calculated by family based on data for 2010).

Forestry
settlements

Agricultural
settlements

Overall
averagea

Standard
deviation

Cleared surface in fallow land
and young regrowth (ha)

0.97 1.00 0.99 0.39

Cleared surface in old-growth
forest (ha)

0.41 0.68 0.56 0.43

Total surface cleared for
agriculture (ha)

1.38 1.68 1.55 0.41

Labour input into agriculture
(days)

135 178 159 46

Labour input into timber (days) 17 13 15 7
Total labour input in land use
(days)

152 192 174 48

Carbon emission from forest
clearing (tCO2)

449 494 474 205

NPVb of agriculture (US$) 628 991 826 293
NPV of agricultural labour (US$) 1156 1528 1359 396
NPV of timber (US$) 172 135 152 73
Net income from land use (US$) 1956 2653 2336 657
a The average was calculated by dividing the sum of all community values by the

total number of communities (N = 11).
b NPV = Net Present Value.

Fig. 1. Comparison of opportunity costs of forgone profits and labour inputs (both in US$)
of reducing carbon emissions from clearing old-growth forest and fallow land by 1tCO2 in
forestry and agricultural settlements.

5 This study, carried out by the NGO Conservation International, found an opportuni-
ty cost value of 2.3 US$/tCO2 (1.298 US$/ha) based on a similar methodology.
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for Scenario 1 averages US$ 1841 per family. It is slightly higher for agri-
cultural settlements (US$ 1951) than for forestry settlements (US$ 1709).

3.4. Scenario 2: Payment for Labour Inputs into Sustainable
Forest Management

Under Scenario 2, each land user is paid for labour invested in sus-
tainable forestmanagement, provided that they commit to stop clearing
old-growth forest. Paid activities include establishment of a manage-
ment plan for the community forest, sustainable forest extraction, and
monitoring. All of these activities are to be implemented in old-
growth forests andmust be strictly in linewith the principles of sustain-
able forest management as defined for sustainable commercial forestry,
as well as with a previously established management plan. Restrictions
regarding diameter size must be respected and the production of tree

seedlings for forest regeneration must be guaranteed as stipulated by
the latest legislation in this field (MDSP, 1998). Agricultural activities
are the same as under Scenario 1, allowing for a 59% reduction of carbon
emissions based on communities' commitment not to clear old-growth
forest for agriculture. Labour released due to the reduction in agricultur-
al activities is invested in sustainable forest management in exchange
for a financial compensation (Table 4).

Communities have a variable potential for investing in forestry la-
bour, depending on the size of their forests. Forestry labour is com-
pensated with US$ 15 per day6 and includes the implementation of
an old-growth forest management plan and annual forest monitoring.
Scenario 2 results in a considerable increase in work invested in land

6 This amount corresponds to the upper limit of standardwages, which vary fromUS$ 8
to 15 per day.

Table 3
Average productive features and carbon-emission data of agricultural and forestry settlements under compensated reduction (Scenario 1), calculated by family.

Forestry settlements Agricultural settlements Overall average Standard deviation

Cleared surface, fallow land (ha) 0.97 1.00 0.99 0.39
Cleared surface, old-growth forest (ha) – – – –

Total surface cleared for agriculture (ha) 0.97 1.00 0.99 0.39
Labour input into agriculture (days) 88 88 88 30
Labour input into timber (days) 17 13 15 7
Labour input into managing CR (days) 4.1 4.6 4.4 3.1
Total labour input in land use (days) 110 106 108 27
Carbon emission from forest clearing (tCO2) 164 169 167 66
Emission reduction (tCO2) 285 325 307 219
NPVa of agriculture (US$) 321 476 406 157
NPV of agricultural labour (US$) 819 907 867 340
NPV of timber extraction 172 135 152 73
Net cash payment for CR (5 US$/tCO2) 1425 1625 1534 1093
Total revenue from land use and CRb (US$) 2737 3143 2958 1053
Total annual cost of CR (+20% TICc) (US$) 1709 1951 1841 1311
Emission reduction compared to BAUd (%) 57 61 59 24
Total annual cost of CR per settlements (US$) 37,029 39,414 38,330 34,032
a Net present value.
b Compensated reduction.
c Transaction and implementation costs; these were estimated using the methodology proposed by Pagiola (2009).
d Business as usual.

Pasture or degraded
land, 10 tC/ha

Compensating opportunity cost
of 100% CO2 emission reduction
based on business as usual
(BAU)

Fallow land,
56 tC/ha

Old-growth forest,
149 tC/ha

Flat-rate compensated reduction
(CR) by 100% of old-growth
forest conversion (Scenario 1)

Payment for labour required for
sustainable forest management
with conditionality (Scenario 2)

Planned clearing of
fallow land

Planned clearing of
old-growth forest

Managed old-growth
forest

Fig. 2. Current land clearing and possible reduction scenarios under different REDD + designs (arrows indicate activities to which funds are being targeted).
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use, since it promotes labour inputs into more sustainable forest man-
agement practices rather than off-farm activities. Villagers receive
part of their income from a REDD + incentive that pays them for
specific inputs into sustainable forest management. Depending on the
size of their forests and available human resources, communities will
invest variable amounts of work in sustainable forestry. In forestry
settlements, the additional work to be invested in sustainable forest
managementwould equal current labour inputs into agriculture on pre-
vious fallow land andwould complement their revenue. In total, house-
holds in forestry settlements would have to invest an average of 179
working days, which should be bearable for a family of 2 to 4 persons
capable of forest and farm work. Smaller households could always
consider hiring an external wage labourer. At US$ 2747, the household
revenue under Scenario 2 is higher than under both business as usual
and Scenario 1 for forestry settlements due to their high potential for

generating income from timber and the high payment for forestry la-
bour. The total cost of financial incentives for sustainable forest man-
agement averages US$ 16,002 per village, which is less than half the
cost of Scenario 1. For agricultural settlements, however, family in-
comes are lower under Scenario 2 than under Scenario 1 or business
as usual.

4. Comparing Compensated Reduction and Sustainable Forest
Management Models

Trade-offs and synergies between household incomes, carbon emis-
sion reduction, and relative costs of different REDD + designs are a
determining factor in selecting the optimal approach in different situa-
tions. Fig. 3 shows that under the flat-rate compensated reduction
scheme of Scenario 1 (left), there is, by construction, a linear relationship

Table 4
Average productive features and carbon-emission data of agricultural and forestry settlements under sustainable forest management (Scenario 2), calculated by family.

Forestry settlements Agricultural settlements Overall average Standard deviation

Cleared surface, fallow land (ha) 0.97 1.00 0.99 0.39
Cleared surface, old-growth forest (ha) – – – –

Total surface cleared for agriculture (ha) 0.97 1.00 0.99 0.39
Labour input into agriculture (days) 88 88 88 30
Labour input into SFMa (days) 91 14 49 49
Total labour input (days) 179 102 137 48
Carbon emission from forest clearing (tCO2) 164 169 167 66
Emission reduction (tCO2) 285 325 307 219
NPVb of SFM (US$) 242 26 124 133
NPV of agricultural labour (US$) 819 907 867 340
NPV of agriculture (US$) 321 476 406 157
Payment for labour input into SFM (US$) 1365 203 731 745
Total revenue from land use (US$) 2747 1612 2128 752
Additional cost of implementation (US$) 103 14 54 62
Total annual cost of SFM (+20% TICc) (US$) 1468 217 785 795
Emission reduction compared to BAUd (%) 57 61 59 24
Total annual cost of SFM incentives per settlement (US$) 29983 4351 16002 17732
a Sustainable forest management.
b Net present value.
c Transaction and implementation costs.
d Business as usual.

Fig. 3. Costs of PES schemes under scenarios 1 and 2 in relation to family incomes and emission reductions in forestry and agricultural settlements.

100 P. Bottazzi et al. / Ecological Economics 93 (2013) 94–103



between compensation payments and emission reduction for both agri-
cultural and forest communities. As a result, under Scenario 1, family in-
comes increase in accordancewith payments (reflecting the fact that the
incentive payment rate exceeds opportunity costs).

Differences between forestry and agricultural settlements under
Scenario 1 depend essentially on the basic productive characteristics
of each community (forest size, biomass, structure, and timber species'
market value).

Under Scenario 2, which involves cross-compliance, emission re-
ductions in agricultural settlements cost less than under Scenario 1,
as the largest share of families' income is based on farming activities.
However, the possibilities for households in agricultural settlements
to increase their income under Scenario 2 are extremely limited due
to the lack of forest resources. For forestry settlements, the trade-
offs are substantial: Fig. 3 illustrates the positive relationship between
sustainable forest management incentives and both family incomes
and emission reduction.

Table 5 compares average family incomes and the payments made
per family and tCO2 emission reduction under the two scenarios. In
the case of forestry settlements, both scenarios result in the same family
incomeof about 9.6 US$/tCO2, but the cost of Scenario 2 (4.81US$/tCO2)
is considerably lower than that of Scenario 1 (6.00US$/tCO2). In forestry
settlements, therefore, Scenario 2 ismore cost-effective than Scenario 1.
In the case of agricultural settlements, the situation is different. The ex-
ternal costs of incentives are extremely low due to the lack of forestry
potential and corresponding potential labour inputs into sustainable
forest management. At 4.96 US$/tCO2, however, family incomes are
almost half of what they are under Scenario 1. Such a small potential
benefit would hardly suffice to incentivize agricultural communities to
participate in sustainable forest management.

5. Discussion

The empirical findings from our systematic comparison of com-
pensated reduction and sustainable forest management scenarios as
possible types of REDD + programme design support the preference
of Evo Morales' government for input-based schemes and offer con-
crete guidance for implementing this policy. Table 6 summarizes
trade-offs and synergies under each scenario considering the multiple
requirements made in the context of REDD + implementation policy,
such as carbon emission reduction, cost-effectiveness, incentives for
sustainable land management, household incomes, permanence of
changes, avoidance of leakages, and community-based institutional
enforcement for sustainable forest management.

The compensated reduction scenario (Scenario 1)would bemore at-
tractive than sustainable forestmanagement (Scenario 2) in agricultural
settlements and would have the highest positive impact on family in-
comes, especially in communities that have already cleared large
surfaces of old-growth forest and lack forestry alternatives within their
settlement. The substantial margin derived from an emission reduction
incentive of 5 US$/tCO2 arises from the low opportunity cost in old-
growth forest, which can lead to higher benefits for those participating
in the programme. Forestry settlements, which have maintained a
higher proportion of forest, have a great potential for sustainable forest

management and would benefit more under Scenario 2 — at lower im-
plementation costs than for a compensated reduction programme.
Under Scenario 2, the largest proportion of income is generated by the
direct payment for investing labour in sustainable forest management.
Adequate accompaniment of payments by regular monitoring and ca-
pacity building would represent an additional outcome of the sustain-
able forest management option and a good opportunity for knowledge
sharing among communities and external technicians.

Compensating the reduction of emissions from clearing old-growth
forest can indirectly incentivize land users to improve the efficiency of
land use by developing sustainable management practices on fallow
land. Labour released by the compensated reduction scheme would
allow for greater investments in sustainable land management prac-
tices. Indeed, some land users have already begun to use such practices,
especially in settlements where both old-growth forest and agricultural
land have become critically scarce. As a result, the studied communities
grew about 75% of their crops on previous fallow land in 2010. They
made this possible by intensifying their production using adapted soil
management technologies (rotation with high-nitrogen crop, mixed
crops, higher labour inputs, perennial crops, and, in certain cases, com-
plex agroforestry systems). One community has completely prohibited
cattle grazing in order to protect fallow areas from land compaction and
allow for secondary forest regrowth. However, under both scenarios
considered in this article, more sustainable land management remains
uncertain; this is mainly because neither scenario includes any direct
incentives for farmers to change their cultivation habits. Many farmers
who “finished their land” – as people in the area commonly refer to
the situation where land has become unsuitable for agriculture – have
bought another parcel in a nearby settlement to pursue the same
unsustainable practices. Moreover, it is difficult for local land users to
copewith the shortages that occur during several years following an in-
vestment into a more intensive and long-term productive system, for
example an agroforestry system. The available fallow land and young-
regrowth forest in the area is sufficient to enable larger communities
to establish sustainable rotational and intensified agricultural systems
without extending cropland into old-growth forest; this has been
shown in closed areas (Milz, 2010). However, this transition to more

Table 5
Cost-effectiveness of a carbon emission reduction by one ton of CO2 in forestry and agricultural settlements under scenarios 1 and 2.

Forestry settlements Agricultural settlements Overall average

Scenarios Scenarios Scenarios

1 2 1 2 1 2

Overall family income (US$/tCO2)a 9.61 9.64 9.67 4.96 9.64 6.94
Cost of PES per family (US$/tCO2)b 6.00 4.81 6.00 0.55 6.00 2.35
Total emission reduction per settlement (%) 57 61 59
a This value represents the total income per family divided by the total emission reduction per family.
b This value represents the total REDD+ direct payments and implementation cost per family divided by the total emission reduction per family.

Table 6
Comparative assessment of scenarios 1 and 2.

Scenario 1 Scenario 2

Agricultural
villages

Forestry
villages

Agricultural
villages

Forestry
villages

Substantial carbon emission
reduction

x x x x

Cost-effectiveness x x
Incentives for sustainable land
management

x x x

High household incomes x x x
Permanence x
Avoidance of leakage x
Incentives for sustainable forest
management

x

Community participation in
REDD+

x
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efficient land use can only be achieved if farmers are given adequate
financial support and technical assistance.

In the case of forestry settlements, Scenario 2 (sustainable forest
management) offers clear advantages in terms of community participa-
tion. By including local villagers and valuing their forestry work
it increases the likelihood of project permanence — depending, of
course, on international funding availability. It also increases the chances
of avoiding leakage, since it leads to concrete labour investments by the
local population, enhances their knowledge and capacity, and values
their personal involvement. It can also provide a medium-term incen-
tive for the development of more sustainable forest management prac-
tices outside the project area, based on knowledge transfer and the
progressive establishment of fair trade in timber, aswell as higher prices
paid to local producers on the legal market. Cost-effectiveness is a fur-
ther significant asset of Scenario 2, as it reduces the budgetary cost of
the same level of deforestation reduction considerably and increases
household incomes more compared to Scenario 1 or business as usual.

6. Conclusions

Our approach builds on recent criticisms of output-based carbon trade
mechanisms voiced in Bolivia as well as more generally by the scientific
community (Gómez-Baggethun and Ruiz-Pérez, 2011; McAfee, 2012),
and assesses possible alternatives with a view to meeting stakeholders’
multiple requirements of effectiveness, efficiency, and equity. Our results
suggest that the input-oriented sustainable forest management scenario
combinedwith the conditionality not to clear old-growth forests presents
a greater opportunity for efficiently reconciling carbon sequestration,
forest conservation, and household incomes at a lower cost, both in
tropical rainforest areas such as the Bolivian Amazon and in other
socioecologically similar areas. Our results, therefore, empirically support
Skutsch's proposition of combining several REDD + mechanisms focus-
ing on both input and output schemes, and suggest that it is a viable
and positive alternative to current practices in terms of its socioecological
outcomes. Nevertheless, the results also stress the importance of flexible
mechanisms that make it possible to respond to context-specific situa-
tions. The selection of appropriate mechanisms depends on multiple
factors:

First, our estimates of the opportunity costs of reducing emissions
from agriculture are higher for fallow land and young-regrowth forest
than for old-growth forest. Therefore, we suggest that PES schemes
should primarily focus on avoiding emissions from clearing old-growth
forest, while maintaining agricultural production on previous fallow
land and young-regrowth forest. This makes sense also against the back-
ground that agricultural activities absorb and value labour inputs, trans-
lating them into livelihood gains and food security. Under both scenarios,
the avoidance of agriculture in old-growth forest leads to a significant
and cost-effective emission reduction (around 60% compared to business
as usual), while ensuringmaintenance of agricultural production on pre-
vious fallow land.

Second, the size and structure of forests, as well as a community's ca-
pacity for forest management are paramount factors in successfully
implementing sustainable forestmanagement or compensated reduction
schemes. As our empirical data show, compensated reduction presents
advantages in communitieswhere forestry is of low spatial and economic
importance and livelihoods were previously based on agriculture. It re-
mains unclear, however, whether in these cases compensated reduc-
tion could progressively be transformed to include sustainable land
management as a means for reducing pressure on existing forests
by intensifying the agroecological systems. Conversely, sustainable
forest management subject to cross-compliance measures stands a
better chance of being successfully implemented in settlements
with sufficient forest resources as well as social and institutional ca-
pacity for sustainable forest management. Such settlements are most
probably the ones targeted by REDD + programmes. Ourmodel sug-
gests that in these cases, sustainable forest management would

provide better household incomes while maintaining low carbon
emission, all at a lower budgetary cost than for a flat-rate compen-
sated reduction scheme.

Third, our results also clearly show that the value of labour input
in agriculture as well as in forestry is, in most cases, higher than the
profit generated by the activity. This important aspect underlines
that valuing labour is highly critical from the farmers’ point of view
and also illustrates why a standard PES scheme strictly based on com-
pensating forgone profits would be risky in a context where off-farm
employment is difficult to find.

Therefore, the main finding of our study concerns the need to
place local institutional structures and the related livelihoods at the
centre of interventions to reduce deforestation. In many contexts
where deforestation is occurring, ecological services are intertwined
with human activity; whether this is recognized and valued or not,
services are often the result of co-production through direct labour
input. Our findings show that a scheme that involves sustainable for-
est management incentives based on a logic of rewarding local labour
input is an efficient way of putting the large amount of public funding
provided by the REDD + programme to work for reducing carbon
emissions, conserving forests, and at the same time improving local
forest users' livelihoods.

Acknowledgements

The authors acknowledge support from the Swiss Network of
International Studies (SNIS) and the Swiss National Centre of Compe-
tence in Research (NCCR) North–south: Research Partnerships for
Mitigating Syndromes of Global Change, co-funded by the Swiss Na-
tional Science Foundation (SNSF), the Swiss Agency for Development
and Cooperation (SDC), and the participating institutions. We would
also like to thank the anonymous referees for their helpful comments
on an earlier draft of this paper, as well as Marlène Thibault for
editing the manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.ecolecon.2013.05.003.

References

Barr, C.M., Sayer, J.A., 2012. The political economy of reforestation and forest restora-
tion in Asia–Pacific: critical issues for REDD+. Biological Conservation 154, 9–19.

Bellassen, V., Gitz, V., 2008. Reducing emissions from deforestation and degradation in
Cameroon — assessing costs and benefits. Ecological Economics 68, 336–344.

Blom, B., Sunderland, T., Murdiyarso, D., 2010. Getting REDD to work locally: lessons
learned from integrated conservation and development projects. Environmental
Science & Policy 13, 164–172.

Börner, J., Wunder, S., Wertz-Kanounnikoff, S., Tito, M.R., Pereira, L., Nascimento, N.,
2010. Direct conservation payments in the Brazilian Amazon: scope and equity im-
plications. Ecological Economics 69, 1272–1282.

Bottazzi, P., 2009. Indigenous governance, protected areas and decentralised forestry: a
comparative analysis of two Tsimane' territories in the Bolivian Lowlands. In: Rist,
S., Geiser, U. (Eds.), Decentralisation Meets Local Complexity: Local Struggles, State
Decentralisation and Access to Natural Resources in South Asia and Latin America
NCCR Perspective. University of Bern, Geographica Bernensia, Bern, Switzerland,
pp. 155–189.

Bottazzi, P., Dao, H., 2013. On the road through the Bolivian Amazon: a multi-level land
governance analysis of deforestation. Land Use Policy 30, 137–146.

Bottazzi, P., Rist, S., 2012. Changing land rights means changing the society: the socio-
political effects of agrarian reforms under the government of Evo Morales. Journal
of Agrarian Change 12, 528–551.

Brown, S., 1997. Estimating biomass and biomass change of tropical forest: a primer.
FAO Forestry Papers.FAO, Rome 55.

Brown, S., Lugo, A.E., 1992. Aboveground biomass estimates for tropical moist forests of
the Brazilian Amazon. Interciencia 17.

Caplow, S., Jagger, P., Lawlor, K., Sills, E., 2011. Evaluating land use and livelihood impacts
of early forest carbon projects: lessons for learning about REDD. Environmental
Science & Policy 14, 152–167.

Cattaneo, A., 2011. Robust design of multiscale programs to reduce deforestation. Envi-
ronment and Development Economics 16, 455–478.

102 P. Bottazzi et al. / Ecological Economics 93 (2013) 94–103

http://dx.doi.org/10.1016/j.ecolecon.2013.05.003
http://dx.doi.org/10.1016/j.ecolecon.2013.05.003
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0005
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0005
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0005
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0010
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0010
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0015
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0015
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0015
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0020
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0020
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0215
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0215
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0215
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0215
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0215
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0215
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0030
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0030
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0035
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0035
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0035
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0220
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0220
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0045
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0045
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0050
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0050
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0050
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0055
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0055


Dargusch, P., Lawrence, K., Herbohn, J., Medrilzam, 2010. A small-scale forestry perspec-
tive on constraints to including REDD in international carbon markets. Small-Scale
Forestry 9, 485–499.

García-Amado, L.R., Ruiz Pérez, M., Barrasa García, S., 2013. Motivation for conserva-
tion: assessing integrated conservation and development projects and payments
for environmental services in La Sepultura Biosphere Reserve, Chiapas, Mexico.
Ecological Economics 89, 92–100.

Gittinger, J.P., 1982. Economic Analysis of Agricultural Projects. Economic Development
World Bank, USA.

Gómez-Baggethun, E., Ruiz-Pérez, M., 2011. Economic valuation and the commodifica-
tion of ecosystem services. Progress in Physical Geography 35, 613–628.

Grieg-Gran, M., 2006. The cost of avoiding deforestation: report prepared for the Stern
Review of the Economics of Climate Change. IIED, London, UK.

Grieg-Gran, M., Porras, I., Wunder, S., 2005. How can market mechanisms for forest en-
vironmental services help the poor? Preliminary lessons from Latin America.
World Development 33, 1511–1527.

Hjortsø, C.N., Jacobsen, J.B., Kamelarczyk, K.B.F., Moraes, M.R., 2006. Economía forestal
en Bolivia. In: Moraes, M.R., Øllgaard, B., Kvist, L.P., Borchsenius, F., Balslev, H.
(Eds.), Botánica Económica de los Andes Centrales. Universidad Mayor de San
Andrés, La Paz.

IPCC, 2003. Good Practice Guidance for Land Use, Land-Use Change and Forestry. IPCC,
Japan.

Jaung, W., Bae, J.S., 2012. Evaluating socio-economic equity of REDD + in a rights-
based approach: rapid equity appraisal matrix. Environmental Science & Policy
22, 1–12.

Lieth, H., Werger, M.J.A., 1989. Tropical Rain Forest Ecosystems, 1989 ed. Elsevier,
Amsterdam.

Malky, A., Leguía, D., Ledezma, J.C., 2012. Análisis del costo de oportunidad de la
deforestación evitada en el noroeste amazónico de Bolivia. Technical repport
serie. : , 22. Conservación International Bolivia, La Paz.

McAfee, K., 2012. The contradictory logic of global ecosystem services markets. Devel-
opment and Change 43, 105–131.

MDSP, 1998. Normas Técnicas para la elaboración de instrumentos de manejo forestal
(inventarios, planes de manejo, planes operativos, mapas) en propiedades privadas
o concesiones con superficies mayores a 200 hectáreas, n°248/98,. R.m. Ministerio
de Desarrollo Sostenible y Planificación, La Paz.

Milne, S., Adams, B., 2012. Market masquerades: uncovering the politics of community-
level payments for environmental services in Cambodia. Development and Change
43, 133–158.

Milz, J., 2010. Producción de naranja (Citrus sinensis) en sistemas agroforestales
sucesionales en Alto Beni, Bolivia - Estudio de caso. In: Beck, S. (Ed.), In Biodiversidad
y Ecología en Bolivia. Instituto de Ecologia, Universidad Mayor de San Andrés
(UMSA), La Paz, pp. 324–340.

Muradian, R., Arsel, M., Pellegrini, L., Adaman, F., Aguilar, B., Agarwal, B., Corbera, E., de
Blas, D.E., Farley, J., Froger, G., Garcia-Frapolli, E., Gómez-Baggethun, E., Gowdy, J.,
Kosoy, N., Le Coq, J.F., Leroy, P., May, P., Méral, P., Mibielli, P., Norgaard, R.,
Ozkaynak, B., Pascual, U., Pengue, W., Perez, M., Pesche, D., Pirard, R., Ramos-
Martin, J., Rival, L., Saenz, F., Van Hecken, G., Vatn, A., Vira, B., Urama, K., 2013. Pay-
ments for ecosystem services and the fatal attraction of win-win solutions. Conser-
vation Letters 00, 1–6.

Önal, H., 1997. A computationally convenient diversity measure: theory and applica-
tion. Environmental and Resource Economics 9, 409–427.

Pacheco, P., de Jong, W., Johnson, J., 2010. The evolution of the timber sector in lowland
Bolivia: examining the influence of three disparate policy approaches. Forest Policy
and Economics 12, 271–276.

Pagiola, S., 2009. Estimating the Costs of REDD at the Country Level. Munich personal
RePEc Archive.

Pascual, U., 2005. Land use intensification potential in slash-and-burn farming through
improvements in technical efficiency. Ecological Economics 52, 497–511.

Pattie, P.S., Núñez, M., Rojas, P., 2003. Valoración de los bosques tropicales de Bolivia.
BOLFOR.

Pellegrini, L., Dasgupta, A., 2011. Land reform in Bolivia: the forestry question. Conser-
vation and Society 9, 274–285.

Peskett, L., David, H., Bowen-Jones, E., Edwards, G., Brown, J., 2008. Making REDD work
for the poor. Briefing paper prepared on behalf of the Poverty Environment
Partnership (PEP) Oveseas Development Institute, London, p. 78

PSB, 2012. Joint mitigation and adaptation mechanism for the comprehensive and sus-
tainable management of forest and the mother earth. In: Bolivia, P.S.o (Ed.),
Plurinational State of Bolivia, La Paz, p. 28.

Redo, D., Millington, A.C., Hindery, D., 2011. Deforestation dynamics and policy changes
in Bolivia's post-neoliberal era. Land Use Policy 28, 227–241.

Reyes-García, Godoy, R., Williams, L., Apaza, L., Byron, E., Huanca, T., Leonard, W.R.,
Eddy, P., 2003. Validity of self-reports to measure deforestation: evidence from
the Bolivian Lowlands. Field Methods 15 (3), 289–304.

Rudel, T.K., Bates, D., Machinguiashi, R., 2002. Ecologically noble Amerindians? Cattle
ranching and cash cropping among Shuar and colonists in Ecuador. Latin American
Research Review 37, 144–159.

Sandker, M., Nyame, S.K., Foerster, J., Collier, N., Shepherd, G., Yeboah, D., Ezzine-de
Blas, D., Machwitz, M., Vaatainen, S., Garedew, E., Etoga, G., Ehringhaus, C., Anati,
J., Quarm, O.D.K., Campbell, B.M., 2010. REDD payments as incentive for reducing
forest loss. Conservation Letters 3, 114–121.

Silva-Chavez, G., 2005. Reducing greenhouse gas emissions from tropical deforestation
by applying compensated reduction to Bolivia. In: Moutinho, P., Schwartzman, S.
(Eds.), Tropical Deforestation and Climate Change. Instituto de Pesquisa ambiental
Da Amazonia, Brasilia, pp. 73–86.

Skutsch, M., Vickers, B., Georgiadou, Y., McCall, M., 2011. Alternative models for carbon
payments to communities under REDD+: a comparison using the Polis model of
actor inducements. Environmental Science & Policy 14, 140–151.

Sunderlin,W.D., Hatcher, D.J., Liddle, M., 2008. From Exclusion to Ownership ? Challenges
and Opportunities in Advancing Forest Tenure Reform. Rights and Resources Initia-
tive, Washington, DC.

Tienhaara, K., 2012. The potential perils of forest carbon contracts for developing
countries: cases from Africa. Journal of Peasant Studies 39, 551–572.

UNFCCC, 2010. Report of the Conference of the Parties on its fifteenth session, held in
Copenhagen from 7 to 19 December 2009. Framework Convention on Climate
Change.

Vadez, V., Reyes-García, V., Huanca, T., Leonard, R.W., 2008. Cash cropping, farm tech-
nologies, and deforestation: what are the connections? A model with empirical
data from the Bolivian Amazon. Human Organization 67, 384–396.

Wunder, S., Albán, M., 2008. Decentralized payments for environmental services: the
cases of Pimampiro and PROFAFOR in Ecuador. Ecological Economics 65, 685–698.

Wunder, S., Engel, S., Pagiola, S., 2008. Taking stock: a comparative analysis of
payments for environmental services programs in developed and developing
countries. Ecological Economics 65, 834–852.

103P. Bottazzi et al. / Ecological Economics 93 (2013) 94–103

All in-text references underlined in blue are linked to publications on ResearchGate, letting you access and read them immediately.

http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0225
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0225
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0225
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0065
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0065
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0065
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0065
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0070
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0070
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0075
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0075
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0080
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0080
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0085
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0085
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0085
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0230
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0230
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0230
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0230
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0090
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0090
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0095
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0095
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0095
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0100
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0100
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0235
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0235
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0235
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0110
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0110
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0115
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0115
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0115
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0115
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0120
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0120
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0120
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0240
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0240
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0240
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0240
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0245
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0245
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0245
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0125
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0125
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0130
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0130
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0130
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0135
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0135
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0140
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0140
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0145
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0145
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0150
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0150
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0255
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0255
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0255
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0160
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0160
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0260
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0260
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0170
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0170
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0170
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0175
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0175
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0180
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0180
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0180
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0180
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0185
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0185
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0185
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0185
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0190
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0190
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0190
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0195
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0195
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0265
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0265
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0265
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0200
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0200
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0200
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0205
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0205
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0210
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0210
http://refhub.elsevier.com/S0921-8009(13)00161-4/rf0210

	Assessing sustainable forest management under REDD+: A community-based labour perspective
	1. Introduction
	2. Material and Methods
	2.1. Data Collection
	2.2. Data Analysis
	2.3. Case Study: the Pilón Lajas Biosphere Reserve

	3. Results
	3.1. Local Productive Strategies in Forestry and Agricultural Settlements
	3.2. Opportunity Cost of Emission Reduction Based on Current Land Use
	3.3. Scenario 1: Compensated Reduction of Emissions from Old-Growth Forest Clearing
	3.4. Scenario 2: Payment for Labour Inputs into Sustainable Forest Management

	4. Comparing Compensated Reduction and Sustainable Forest Management Models
	5. Discussion
	6. Conclusions
	Acknowledgements
	Appendix A. Supplementary data
	References


