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Abstract
& Context An inequitable distribution of the costs and ben-
efits of carbon forestry could undermine its role in tackling
climate change, but safeguarding local livelihoods could
undercut its effectiveness.
& Aims We simulate a reforestation program in a densely
populated locality in central Mexico to analyze indirect
land-use change, or leakage, associated with the program
and its implications for local livelihoods.
& Methods An agent-based, general equilibrium model sim-
ulates scenarios that deconstruct the sources of leakage and
livelihood outcomes.
& Results Simulations reveal how conditions linking land,
labor, and food markets determine the costs and benefits of
reforestation and simultaneously the potential for leakage.
Leakage is lowest in remote and poorly integrated localities
where declining wages foster local food production while

discouraging consumption. Since leakage is tied to con-
sumption, there is a trade-off between the program’s effec-
tiveness and an equitable outcome.
& Conclusion An ideal strategy could target those local-
ities with few remaining forests, where a program might
lead to agricultural intensification rather than expanding
the agricultural frontier. Alternatively, the scheme could
incorporate remaining forests to avoid deforestation
while encouraging reforestation. An uneven distribution
of costs and benefits, where some stakeholders may
draw benefits from others’ losses, could nevertheless
set the stage for conflict. Acknowledging these trade-
offs should help design a politically feasible program
that is effective, efficient, and equitable.
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1 Introduction

It has been argued recently that social and economic factors
could determine the scope of international agreements to
tackle climate change through forestry (van Kooten 2012;
Nijnik et al. 2012). The international community continues
to show interest in carbon forestry projects in developing
countries, and the focus is now on implementation mecha-
nisms at the national and sub-national levels (Springate-
Baginski and Wollenberg 2010). Whether under the CDM
(IPCC 2007), REDD/REDD+ (Angelsen et al. 2009), or
REALU initiatives, successful interventions will have to
consider their own distributional implications as well as
the possibility that they will induce unintended land-use
change outside their boundaries, or leakage, undermining
their effectiveness (Chomitz 2007; Schwarze et al. 2002;
IPCC 2000). The role of carbon forestry could be particu-
larly important in regions where its cost-effectiveness and
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social acceptability are highest (Brown et al. 2004; Nijnik
2010). This could be the case in developing countries where
raising the economic value of standing and/or sustainably
managed forests can influence land-use decisions. However,
the potential gains from forestry projects are rarely seen as a
priority in land-use and climate policies in these countries
(Nijnik and Halder 2013).

Angelsen et al. (2009) have outlined the challenges of
carbon forestry and suggested ways to increase the effec-
tiveness, efficiency, and equity of projects, while other
authors have suggested criteria to assess options for a na-
tional strategy (Angelsen et al. 2009; Cerbu et al. 2009).
Still missing, however, are ways to anticipate their implica-
tions and identify their strengths, weaknesses, opportunities,
and threats at the local level (Nijnik and Halder 2013).
Foremost among these are the implications for livelihoods
and leakage.

A variety of forestry interventions have been implemented
over the last decade (Springate-Baginski and Wollenberg
2010; Bond et al. 2009; Jagger et al. 2010; Pagiola et al.
2005; Wunder et al. 2008). Simultaneously, there has been
an impressive refinement of methods to evaluate public pro-
grams, which now include building experimental design into
them prior to implementation (Jagger et al. 2010; Ravaillion
2001). Randomized experiments involving “treatment” and
“control” groups afford scientists a degree of statistical control
over countless unobserved factors that influence program out-
comes. The analysis of forest-based initiatives through such
methods could provide the basis for scaling up or replicating
the most promising schemes (Bond et al. 2009; Jack et al.
2008). Alas, few of them have been subject to critical evalu-
ation (Wunder et al. 2008; Engel et al. 2008; Pagiola et al.
2005; Bond et al. 2009).

Informed policymaking requires additionally that find-
ings be interpreted in light of a “theory of change,” i.e., an
understanding of the causal mechanisms and multiple fac-
tors involved (Jagger et al. 2010; Engel et al. 2008). Con-
trolling the relevant factors nevertheless can be difficult
given the diversity of contexts and schemes. Every aspect
of project design, including its scale and the type, size,
duration, conditionality, and distribution of incentives, ex-
hibits wide variation (Bond et al. 2009; Engel et al. 2008).
The diversity of local contexts is even greater. Insufficient
baseline information and lack of appropriate “controls” can
further hamper systematization efforts. Although matching
methods are available to reduce estimation biases (Jagger et
al. 2010; Ravaillion 2001), they provide no information on
unobserved factors such as the indirect and unintended
effects of interventions, which can influence rural liveli-
hoods significantly and constitute a source of leakage
(Zilberman et al. 2008; Sierra and Rusman 2006). Impor-
tantly, indirect effects of this sort can affect the individuals
and communities immediately outside project boundaries

that would otherwise constitute ideal matching observations,
thus rendering them unsuitable as controls (Sierra and
Rusman 2006).

Given the difficulty of measuring economy-wide feed-
backs, the indirect effects of interventions have rarely been
considered. Also, due to the spatial and temporal nature of
pilot studies, statistical analysis can provide limited insight
on the effects of large-scale, long-term interventions (Bond
et al. 2009; Jack et al. 2008; Pagiola et al. 2005). These
limitations can be circumvented to some extent through the
use of simulation methods (Dyer et al. 2006, 2012;
Kinderman et al. 2008; Busch et al. 2012). Simulation
models have been used to analyze international negotiations
on reference levels and/or carbon prices (Strassburg et al.
2009; Busch et al. 2012), but the causal chain at the sub-
national level is extremely simplified in these analyses.
Moreover, few models have considered the diversity of
actors at the local level and the causal processes of which
they are part (Dyer et al. 2012). It is these agents who will be
directly responsible for land-use decisions, and their poten-
tial gains and losses will determine the acceptability of
carbon forestry at this level.

In this paper, we use an agent-based, general equilibrium
model of a locality in central Mexico to simulate the imple-
mentation of a Payments for Ecosystem Services (PES)
program that enhances forest-carbon stocks in a densely
populated, heavily deforested developing area. Simulations
are used to analyze local market linkages associated with the
program. The premise is that these linkages could determine
simultaneously local gains and losses and program leakage
within and outside its boundaries. Accounting for the market
context would be then the first step in designing a program
that minimizes leakage without undermining local
wellbeing, i.e., a politically feasible program that is also
effective, efficient, and equitable. Various simulations ana-
lyzing the effect of program design in a particular context
were presented in a previous paper (Dyer et al. 2012). Here
we present four different simulations designed to highlight
the role of the local context.

2 Methods

2.1 Model

Our methodological framework integrates multiple house-
hold models into a single model of a rural locality. The
model is based on Zoatecpan, a farming community prac-
ticing mixed subsistence/commercial agriculture in central
Mexico, and calibrated using survey data for this locality
(Table 1) (Dyer et al. 2006, 2012). Online supplementary
information describes the model as a set of simultaneous
equations. More briefly, each household in the survey
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sample—i.e., 49 households or 10 % of the population—is
modeled as an independent decision maker that engages in
on- and off-farm activities and interacts with other agents
via markets. The system thus consists of the activities of
multiple types of agents interacting. The economic context
is defined by closure rules that describe markets operating in
the locality. When land, labor, and maize markets are strictly
local, the locality is defined as a closed system where
internal leakage is possible but there is little room for
leakage out of the locality. When all markets extend beyond
village boundaries, the system is completely open and leak-
age is almost certain. In an open system, wages, rents, and
prices are determined in the greater economy and considered
fixed; in a closed system, the demand and supply of each
good, factor, and service is satisfied through local adjust-
ments in prices. In all cases, subsistence activities are
influenced by their implicit value (or shadow price), which
is the sum of the market and non-market value of the goods
and services they provide. As described below, in addition
to these two extremes, the analysis considers combinations
of closure rules in order to identify the role of context in
program outcomes and the part played by individual factors
in the causal chain.

Among the characteristics defining agents is land owner-
ship, which distinguishes landholders from the landless
(Table 1). The average land holding is 0.4 ha, but endow-
ments vary widely, with 2 % of households owning nearly
one fifth of the land. Defining activities include the cultiva-
tion of staples: 98 % of households grow a multi-crop based
on maize. Only 94 % of them own arable land, but landless
households also grow crops on rented land. An additional
35 % of landowners rent land to complement their own
endowments, creating an alternative classification of agents
that distinguishes landlords from tenants. In all, 37 % of
arable land passes through the market. Local landlords sup-
ply 7 %; absentee landowners supply the rest, as they own
30 % of all land in the locality. Agents also can be classified
as either employers, including absentee landowners and
48 % of local households, or farm workers (another 48 %).
Similarly, participation in food (i.e., maize) markets distin-
guishes non-farmers and subsistence farmers (94 % of

households), all of who buy maize, from the commercial
(or surplus) producers who sell it. Commercial farmers sell
only surpluses, as they consume part of their output on farm.
Finally, every agent can be either a participant in carbon
forestry or a non-participant.

Simulation results depend critically on the characteriza-
tion of the land market and the use of land for subsistence
activities. Thus, whether Zoatecpan is representative of
other rural areas in Mexico (or elsewhere in the devel-
oping world) depends on the distribution of land among
local households and absentee landowners. Also critical
are rules that allocate land to either subsistence or
commercial production. In this regard, landholding sizes
vary considerably throughout Mexico, with large farms
often interspersing with more numerous smallholdings
(Dyer and Taylor 2011; Dyer et al. 2012). However, the
rental market helps redistribute land among rural
farmers in every region, and absentee landowners sup-
ply up to 88 % of this land (Dyer and Taylor 2011;
Dyer et al. 2012). In Zoatecpan, the figure is 80 %,
which is representative of that in other localities in
central Mexico, 83 %. As to the allocation of land,
farmers in Zoatecpan respond readily to incentives by
renting land in or out (Dyer et al. 2006). Subsistence
farmers expand maize production when their income
increases but not in response to higher prices, while commer-
cial farmers respond the opposite way (Dyer et al. 2006,
2012). Similarly, across rain-fed areas in Mexico, commercial
farmers do not rely on exogenous income to finance maize
production (Dyer and Taylor 2011). All of these features are
built into the model as stylized facts.

As regards subsistence production, Zoatecpan is outside
the norm. Across Mexico, rural farmers consume an esti-
mated 48 % of their maize output (Dyer and Taylor 2011).
On-farm consumption is highest in central Mexico, reaching
73 %, while the figure in Zoatecpan is 85 %—a reflection of
small landholding sizes in the locality, which are also below
average. In sum, while not representative of prime agricul-
tural areas in Mexico, our results should apply across the
densely populated, highly deforested highlands of central
Mexico. More generally, we would expect similar processes

Table 1 Defining characteristics of the study area, Zoatecpan, Mexico

Food production A multi-crop system based on maize is grown by 98 % of local households including landless households that rent land.

Food markets There is an active market for maize where 96 % of local households buy and 4 % sell. Maize is also “imported” from
outside the locality.

Landowners Absentee landholders and 94 % of local households own land in the locality.

Landholdings For local households, the average landholding is 0.4 ha, but 2 % of these landowners own ca. 20 % of local land.
Absentee landowners own another 30 %.

Land rental There is an active land market where 37 % of arable land in the locality is rented; 35 % of local landowners and 4 %
of landless households rent land in; local landlords rent out 7 % of all land, absentee landlords rent the remainder.

Labor market Absentee landowners and 48 % of local households hire labor; 48 % of local households work as farm hands.
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to those described here wherever subsistence agriculture is
widespread, population density high, and landholdings
small.

2.2 Simulations

We simulate the introduction of a PES program that seeks
the regrowth of forest over 10 % of cleared land within its
boundaries. Each landowner decides whether to participate
in the program and how much land to enroll. In return, the
program offers a payment per unit area equal to 110 % of
rental rates net of costs; i.e., it covers implementation and
transaction costs separately. Since market rates represent the
opportunity cost of land, enrollment is an attractive option
for everyone—i.e., PES entail a 10 % gain or “economic
rent”. However, the opportunity cost of land might change
as the economy responds to this intervention. For instance, a
declining agricultural sector might influence the price of
food or farm wages, and thus its own rate of return. On
the other hand, program payments could stimulate economic
activity if they contribute noticeably to local income, induc-
ing greater consumption. Since these effects can act in
different directions (Zilberman et al. 2008), the outcome is
an empirical question that depends on local conditions.

In principle, if all markets were open and large, enroll-
ment would influence production decisions directly but
would have no indirect effects in the locality. Landowners
might use payments to finance their own consumption yet
purchase everything they consume in the market. In prac-
tice, however, particularly in developing areas, people con-
sume many goods and services that are not sold in markets,
including ecosystem services (Smale 2005). Hence, land-
owners might use program payments to finance production
of goods and services on farm. In such case, the program
would have an “income effect” on production decisions.
Indeed, public transfers often have income effects even in
developed countries. Subsistence activities are not immune
from this effect because no household is entirely self-
sufficient, so its decisions reflect the opportunity cost of
family land and labor (Dyer et al. 2006). Income effects
thus link production and consumption decisions on farm;
however, they can also have repercussions away from the
farm. The program’s direct effects on production activities
might overshadow its income effects, but the latter would be
observed in isolation under certain conditions.

We use four different scenarios that assume alternative
market conditions to identify the program’s various effects
on the local economy (Table 2).

In scenario 1, all goods and factor markets are open, their
prices fixed and there is full employment, which allows us
to identify the income effect on program outcomes. Scenario
2 assumes that labor markets are closed, which allows
wages to change, revealing their role. Scenario 3a assumes

a closed land market while keeping wages fixed, thus iso-
lating the implications of rent changes. Wages in this sce-
nario are fixed because there is an open market where
households can find full employment (i.e., demand for labor
is perfectly elastic). Alternatively, in scenario 3b, wages are
fixed contractually (e.g., minimum wages) and unemploy-
ment becomes a possibility. Finally, scenario 4 explores
simultaneous rent and wage changes, which is a more real-
istic situation. In every scenario, commodity markets, in-
cluding food, are open. In scenarios 3 and 4, the
combination of flexible land rents and a fixed payment
implies that economic rents—i.e., the portion of payments
in excess of the opportunity cost of land—are variable.

The assumption that wages, rents, and prices are fixed is
used generally to imply that the economy is relative
small—that is, that land, labor, and agricultural markets
extend well beyond the boundaries of the local economy.
In the present context, fixed wages, rents, and prices can be
interpreted also as a reflection of the program’s size. For
instance, the assumption of a variable rental rate can imply
that the program extends into neighboring localities and
therefore has an impact on rents at the regional level. The
locality thus becomes representative of other localities with-
in the program’s area of coverage. Based on this interpreta-
tion, the consequences of expanding the program can be
identified by comparing fixed- and flexible-rent scenar-
ios. Similarly, labor-market specifications can be
interpreted as an assumption on the duration of the
program. In this context, a flexible wage supposes a
short-term response where the labor market has not
had time to adjust fully. A fixed wage, in contrast, sup-
poses a long-term response where rural out migration has
allowed wages to return to normal.

To keep other sources of variation constant, we make a
number of simplifying assumptions. We focus on land-
owners’ willingness to participate in PES without consider-
ing their eligibility or ability to participate. Simulations
assume no eligibility constraints except that local house-
holds are given priority over absentee landowners; e.g.,
smallholders can pool resources to avoid minimum-area
requirements or to reduce fixed costs that may otherwise
constrain their participation (Grieg-Gran et al. 2005; Pagiola
et al. 2005). Extraction of timber or lumber is not allowed,
which implies that potential benefits associated with an
expanding supply of forest products are not explored. As
for the biophysical system, microclimate, soil quality, and
other attributes of the land are assumed to be homogenous.
Thus, intrinsic agricultural yields as well as total biomass
densities are fixed and uniform, which implies that both land
rental rates and environmental benefits per unit area also are
uniform. Finally, marginal environmental benefits do not
change with the scale of implementation, which is reason-
able in the case of carbon sequestration.
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2.3 Leakage

The literature recognizes two types of leakage, also known as
displacement. Activity displacement is leakage caused by
direct changes in local activities; demand displacement—or
market-effects leakage—refers to changes induced vicariously
through markets (IPCC 2000; Schwarze et al. 2002). This
classification risks confusing the transmission of effects with
the mechanisms involved. In our case, for instance, program
participants could clear forest areas of their own to replace
land enrolled in carbon forestry, or they could rent land from
others who may clear land themselves. The participant would
engage in land use change in both cases, qualifying as activity
displacement, but the second case would also involve a
vicarious, market-mediated effect. Moreover, in both cases,
land-use change could take place within or outside the pro-
gram’s geographic boundary. The issue’s complexity increases
because the same market mechanisms may generate leakage or
not depending on conditions at the end of the causal chain. We
keep the analysis simple by focusing on the mechanisms for
leakage, i.e., the market processes through which leakage
would operate. Potential leakage is internal or external
depending on whether it may occur within or outside the
locality.

3 Results

In scenario 1, authorities have no difficulty in meeting the
program’s target in the locality (Table 3).

Every landowner enrolls as much land as possible into
PES and, since land markets are open, replaces it by renting
land from landowners outside program boundaries. That is,

the program does not constrain farming. Payments never-
theless have indirect effects on the local economy. Since
landholdings are small and program payments are only 10 %
higher than the rental rate (which itself is low due to low
productivity), incomes increase only slightly; but given the
extent of participation, gains are widespread in the locality
(Table 4).

Consumption of both market and non-market goods and
services, including maize, increases in turn by 0.4 % on
average. Commercial farmers maintain maize output
unchanged but sell less, while subsistence farmers are
forced to expand production given their lack of surpluses.
Since all arable land is either under cultivation or enrolled in
PES, they must rent additional land outside the locality to do
so. Local maize output increases only by 0.4 %, so the
village’s deficit must be satisfied with maize “imports”. This

Table 2 Simulation scenarios and implications for model variables

Scenarios

1 2 3a 3b 4

Market conditions

Land market open closed (local)

Labor market open closed open closed (local)

Employment full employment unemploy-
ment

full 
employment

Food market open

Model variables

Land rents / supply of land fixed / unlimited endogenous / fixed 

Wage rates / supply of 
labor

fixed / 
unlimited

endogneous / 
fixed

fixed / unlimited endogneous 
/ fixed

Table 3 Household participation and land enrollment in simulated
PES program

Scenarios

1 2 3a 3b 4

Program participation

Participating householdsa 94 94 35 33 52

Participants enrolling >0.5 hab 4 4 6 6 4

Land use

Local enrollmentc 100 100 81 82 97

Agricultural land used >100 >100 90 90 90

a As percent of all households in the locality
b As percent of all local participants
c As percent of program’s target area
d As percent of original agricultural area

Implications of carbon forestry on livelihoods 231



deficit is the result of greater consumption coupled to the
reduction of local surpluses.

Overall, the program has few local repercussions despite
wide participation because the locality is completely inte-
grated to the rest of the region. Open markets allow land-
owners to cultivate more land while employing outside
labor. Yet, this has no additional implications in the locality
because all value added generated by their response—i.e.,
rents and wages paid to expand output—leaks out. House-
holds purchase more market goods, but all of these are
imported into the village. The regional economy thus ab-
sorbs all potential impacts the program could have on local
production.

In scenario 2, workers can no longer commute in or out
of the locality because the labor market is closed. Therefore,
local wages increase by 0.9 % as subsistence production
expands, which curtails the employment surge. As a result,
subsistence output expands only half as much as in scenario
1. In this case, all wages stay in the locality, so nominal
income gains are twice as large as in scenario 1, but real
income increases less (after accounting for inflation)
(Table 4). Although commodity prices (including maize)
remain unchanged in both scenarios, real and nominal in-
comes in scenario 2 differ because the cost of producing
subsistence goods and services rises. That is, the implicit
price of non-market goods and services increases.

Comparing scenarios 1 and 2 reveals that the program
can have a substantial impact via consumption. When labor
markets are closed in scenario 2, nominal income gains due
to higher consumption are as large as the direct gains ob-
served in scenario 1. However, a closed labor market also
creates scarcity, raising production costs, which reduces the
real-term benefits.

Widespread participation in PES precludes large differ-
ences in income gains across households, but benefits still
vary since they are tied to the ownership of land. In scenario
1, household gains range from nil for the landless to 3.7 %
for some landowners. The range is smaller in scenario 2,
where every household experiences gains of at least 0.3 %.
Since program transfers represent gains of 0.4 % on average,
the program’s indirect effects clearly help distribute benefits
more evenly across the population.

Scenarios 1 and 2 have no effect on agriculture because
land continues to be widely available outside the locality.
This is no longer the case in scenario 3a, where the labor
market remains open (as in scenario 1) but the land market is
closed. In this case, the program’s most immediate effect is
the scarcity of land. Since program payments are the same
as before, landowners are still enticed to participate in PES,
but their opportunity costs rise as soon as the program is
introduced. Because farmers are unable to rent land outside
the locality, enrollment in PES is constrained by their on-
farm consumption decisions. In the end, only 35 % of
households participate (Table 3). Although subsistence
households are among the participants, they enroll substan-
tially less land than in previous scenarios. Overall, local
landowners now contribute only 81 % of the target; yet,
the program has a much greater impact on the economy than
before (Table 4). The scarcity of land results in a 3.4 %
increase in land rents and an 8.6 % decrease in agricultural
output, which contrasts with the expansion registered in
scenarios 1 and 2. Subsistence production declines margin-
ally because households continue to demand non-market
goods and services, so the brunt falls on commercial
farmers. Their output and sales contract 29 and 54 %, re-
spectively, in response to higher production costs.

Employment declines by 3.7 % as a result of the contrac-
tion of the agricultural sector, but this has no implications
for household income because workers find employment
outside the locality. Farmers’ income is affected neverthe-
less by higher rental rates, which also diminish economic
rents. Instead of the expected 10 % premium, program
payments are now only 6.4 % higher than market rates.
Nominal gains differ once again for participants and non-
participants, and among participants. Average gains for par-
ticipants are nearly the same as in scenario 1, but due to the
increase in rents, a much larger share of benefits now
accrues to landlords. Their income gains increase steeply,
from 0.5 to 4.1 %. Absentee landowners also benefit from

Table 4 Percentage effects of program implementation on the local
economy

Scenarios

1 2 3a 3b 4

Crops

Total output 0.4 0.1 −8.6 −9.1 −3.2

Subsistence farm output 0.4 0.2 −0.3 −1.2 0.3

Commercial farm output 0.0 0.0 −29 −29 −12

Local market surplus −0.1 −0.7 −54 −52 −22

External purchases 0.5 0.8 9.6 8.2 2.8

Employment 0.4 − −3.7 −1.8 −

Value added and rents

Wages − 0.9 − − −2.6

Rents − − 3.4 2.7 7.1

Economic rents 10 10 6.4 7.1 2.7

Income (nominal)

All households 0.4 0.9 0.3 −0.8 −0.9

Income (real)

All households 0.4 0.7 0.2 −0.9 −0.7

Subsistence farmers 0.4 0.7 0.2 −0.9 −0.7

Commercial farmers 0.6 1.3 0.3 −1.3 −1.1

Program participants 0.5 0.8 0.4 −0.7 −0.7

Non-participants 0.0 0.2 0.0 −1.1 −0.8

Landlords 0.5 0.8 4.1 3.6 1.7
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greater participation in PES, and due to the weak response
of local households, they now contribute one fifth of land
enrolled in the program. Given that only 35 % of households
participate in the program, average income increases only
by 0.2 % in nominal terms, i.e., half as much as in scenario
1. The cost of subsistence production reduces real gains
further, and non-participants experience no gains at all.

The program still has an income effect on subsistence
activities, but it is indistinguishable from more direct effects
on production decisions, which are greater and opposite in
sign. Output declines as a result, leading to a 9.6 % increase
in open-market purchases, but in contrast to scenario 2
where wage increases magnify the program’s effects, con-
stant wages now prevent greater losses.

Scenario 3b represents a slightly different case where the
labor market is closed but there is a fixed minimum-wage
rate. In this case, the contraction of agriculture leads to
1.8 % unemployment. Average income decreases as a result,
curtailing consumption, including demand for non-market
goods and services (Table 4). Subsistence output thus con-
tracts 1.2 %, in contrast to scenario 3 where it remains
largely unaffected. Subsistence responses therefore dampen
the increase in land rents observed in scenario 3, limiting the
decrease of commercial output and surpluses slightly, and
hence also the increase in maize purchases in the open
market. The combination of lower rents and income losses
has mixed effects on program participation and enrollment:
fewer landowners participate, but participants enroll slightly
more land than before (Table 3). Unemployment also turns
income gains observed in scenario 3a into 0.8 % losses for
the average household. All non-participants and most par-
ticipants experience real-term losses, while landlords’ gains
are reduced slightly with respect to scenario 3a.

Scenario 4 combines various features observed in previous
scenarios creating a more realistic and complex picture. Set-
ting aside arable land now leads to a decrease in wages (by
2.6 %) so farmers can afford to hire more workers, limiting the
decrease of agricultural output to a third of that observed in
scenarios 3a and b (Table 4). Subsistence output changes little
despite the substantial increase in rents (7.1 %). It is commer-
cial farmers again that adjust, but their output and surpluses
contract less (12 and 22 %, respectively) than in fixed-wage
scenarios. Accordingly, food imports increase much less than
under fixed wages. Income losses and rent increases curtail
demand for arable land. Over half of all households opt for
enrolling land in PES, bringing local enrollment close to the
target (Table 3). Absentee landlords supply only 3 % of the
area enrolled.

The repercussions for income also differ markedly from
those observed up to this point. Average income decreases
more than in any previous scenario (0.9 %), but losses are
distributed more evenly due to the combination of wage and
rent changes. A large increase in rental rates raises

landowners’ income while reducing economic rents to only
2.9 % of market rates, leveling benefits for participants and
non-participants. Although there is full employment, a sig-
nificant drop in wages results in income losses greater than
those associated with unemployment in scenario 3b. The
result is detrimental for workers but favorable for em-
ployers. Only 12 % of households experience real income
gains; the average participant experiences a 0.7 % real loss,
while local landlords’ gains are 1.7 %.

4 Discussion

A crucial question for authorities is where to promote car-
bon forestry. From an efficiency perspective, an obvious
consideration is the quality of environmental services avail-
able. Places where the total biomass density of natural
ecosystems is above average, such as the cloud forests in
the study area, are a prime target (Cairns et al. 2000). A
project’s cost efficiency may also depend decisively on
social factors. Subsistence consumption, for instance, could
raise the local price of carbon as large-scale interventions
unfurl (Dyer et al. 2012). But equally important are carbon
forestry’s implications for local livelihoods and the potential
for leakage, that is, its effectiveness and equitability.

Careful choice of project characteristics such as the pro-
portion of land targeted for reforestation in a locality or the
price paid to participating landowners can improve the
efficiency and equitability of interventions (Dyer et al.
2012). As we argue here, deliberate choice of location based
on the market context is a critical determinant of their
effectiveness. Also important is that the context’s influence
on the effectiveness and equitability of carbon forestry can-
not be considered separately since both livelihood impacts
and leakage arise from the same processes.

At the core of this issue are market-mediated responses to
land-use change (Hertel et al. 2010); and although land
markets are central, they are not the only route for the
transmission of indirect and unintended effects (Angelsen
2007). Carbon forestry could affect local wellbeing or in-
duce land-use pressure indirectly through multiple markets
simultaneously, including food, land, and labor markets.
Shifts in any of these markets are a potential source of
leakage and/or livelihood effects. Yet, it is the combination
of multiple market linkages that determines the scale and
location of these effects. We discuss the implications for
livelihoods and leakage separately in the following sections
and then consider them jointly in the conclusion.

4.1 Costs and benefits

It is well known that the size and quality of landholdings can
shape the distribution of gains and losses in PES programs
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(Pagiola et al. 2005; Jack et al. 2008; Zilberman et al. 2008).
Although seldom recognized, the market context can play
an equally important role. For instance, in our model econ-
omy, a moderate-sized program could entail gains for large
landowners while, in certain contexts, creating losses for the
average household and many participants. We can under-
stand the context’s implications for equitability clearly by
comparing different scenarios while deconstructing the en-
suing gains and losses into their respective market and non-
market sources. The comparison will also allow us to assess
which localities may benefit or lose most from carbon
forestry.

The program’s direct contribution to local income con-
sists of payments to participating landowners (scenario 1).
These payments may induce land-use change within and
outside the program but will have no additional repercus-
sions on local incomes if the locality is well integrated to the
regional economy. That is, no additional benefits or costs
will arise locally unless wages, rental rates, or crop prices
change. If wages increase, they will add to the program’s
nominal benefits but also entail costs that reduce these
benefits in real terms (compare scenarios 1 and 2). Costs
and benefits will not be distributed evenly. Program partic-
ipants will appropriate the program’s economic rents fully
without assuming its indirect costs as long as they are able to
rent other people’s land at the original market rate (scenario
2). Clearly, their ability to arbitrage diminishes when land
markets are closed and rental rates rise (scenario 3a). If
wages remain unchanged, rental rates will increase moder-
ately with the program, creating a different set of costs and
benefits for various groups (compare scenarios 1 and 3).
Rental rates will increase landlords’ income while decreas-
ing that of tenants, none of who participate in carbon for-
estry. Although higher rates also reduce the economic rents
obtained by participating landowners, splitting the returns to
land into market rents and economic rents is of no conse-
quence to their net income if arbitrage is not possible;
participants continue receiving full payment. The implica-
tion is that the program’s costs will not be borne by partic-
ipants entirely but mostly by farmers that do not participate
in PES, while landlords benefit at their expense. Consumers
of non-market goods and services also will pay a price, as
higher land rents raise the cost of production (compare
scenarios 1 and 3).

Additional costs can occur in a locality where both land
and labor markets are closed. A closed labor market has
positive implications when the supply of land is not limiting
(scenario 2). In that case, wages increase as food production
expands, multiplying the program’s benefits. The situation
is the exact opposite when land markets are closed and land
becomes scarce after the program is implemented, increas-
ing land rents and simultaneously creating unemployment
(scenario 3b) or depressing wages (scenario 4). In this case,

lower wages and unemployment multiply program costs—
i.e., the costs of setting arable land aside for reforestation
(compare scenarios 3b and 4 with 2). In the process, income
is redistributed in favor of landlords and employers at the
expense of tenants and farm workers. Other implications differ
depending on whether wages fall or there is unemployment.
Falling wages ameliorate the impact on agriculture, curtailing
real-income losses for farmers employing hired labor, while
minimum wages create unemployment but constrain nominal
losses for the average worker, spreading the costs to farmers
(compare scenarios 3b and 4). In a fixed-wage economy, the
implicit price of non-market goods and services increases as
agriculture contracts, reducing their affordability; the opposite
is true when wages fall.

Although these costs are relatively small, given the range
of actors affected they could jeopardize carbon forestry’s
acceptability as it expands beyond the scope of pilot pro-
jects, influencing regional markets for land and labor. We
have not explored the potential gains associated with an
expanding supply of forest products, which could increase
the benefits to local stakeholders. However, these may not
compensate the loss of non-market goods and services pro-
vided by agriculture. Alternatively, employment opportuni-
ties could be created by hiring labor to aid reforestation
(Pagiola et al. 2005); but this entails wage costs that must
be borne by either program participants or administrators
(Dyer et al. 2012). Absent a mechanism to mitigate losses,
surplus labor may eventually migrate out of rural areas,
allowing wages and employment to return to normal, creat-
ing a more favorable balance of costs and benefits for those
that stay behind.

4.2 Leakage

Indirect land-use change can influence the effectiveness of
emissions-reduction strategies decisively (Hertel et al.
2010). Averting this leakage is thus one of carbon forestry’s
most important challenges (Nijnik and Halder 2013). Our
analysis shows that the potential for leakage could vary
across localities as a function of the same context variables
that determine a project’s social implications. If a locality is
well integrated with the rest of the region, land-use pressure
induced unintentionally through the program will dissipate
over a wide area without visible effects on rents, wages, or
crop prices (scenario 1). This does not preclude leakage.
Although possibly negligible at the scale of the whole
region, land-use change could still be significant relative to
the program’s size. In our model economy, for instance, land
rental outside the locality exceeds the area reforested within
the program. And although demand for external labor in
principle reduces the pressure on forests simultaneously,
food imports have the opposite effect. Overall, rather than
decreasing land-use pressure at the regional scale, the
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program increases it with potentially counterproductive re-
sults (scenario 1).

When the labor market is closed (scenario 2), the pro-
gram does not draw workers in but instead raises local
wages slightly, increasing incomes and consumption. That
is, the potential for negative leakage through the labor
market ceases while positive leakage through the food mar-
ket increases. Total external leakage is thus higher. More-
over, high wages do not decrease the pressure on local
forests because the land market remains open (scenario 2).
As long as farmers can rent land across program boundaries,
all indirect effects continue to leak through this route, off-
setting local reforestation efforts. When this route alone is
closed (scenarios 3a and 3b), the scarcity of land and rising
rents turn land-use pressure inward onto local forests, but
this does not preclude external leakage through other routes.
Although its effect may be much smaller, the program still
exerts land-use pressure vicariously via food and/or labor
markets. The potential for external leakage through each
route depends on whether the other is open too, and it is
potentially highest when both are open (scenario 3a): since
food production cannot expand despite increasing demand,
the community resorts to importing food; and the potential
for leakage increases further as workers turn outside for
employment (compare scenarios 1 and 3a). On the other
hand, if commuting is not possible and unemployment in-
creases, income and hence consumption decline, reducing
local land-use pressure and food imports simultaneously
(compare scenarios 3a and 3b). That is, the potential for
leakage within and outside the locality is slightly lower
when the wage is fixed contractually rather than by the
market.

More generally, external leakage is highest when local
wages cannot adjust. The reason is that otherwise declining
wages will foster local food production while discouraging
consumption, so nominal income and expenditure are lower
than under unemployment (compare scenarios 3b and 4).
That is, when wages fall, increasing surpluses help reduce
food imports as much as decreasing demand does. Although
internal leakage is potentially higher, total leakage is con-
siderably lower. This is clear because the increase in local
rents subsumes all direct and indirect land-use effects via
land and labor markets.

5 Conclusions

Carbon sequestration could increase the value of forests in
remote developing areas where transportation costs limit the
feasibility of conventional forestry. The same costs also
prevent the integration of land and labor in these areas into
the greater economy. In such circumstances, where land and
labor markets cannot be considered entirely open, carbon

forestry will likely result in changes in local rents and
wages. A realistic scenario could see wages adjusting down-
wards, which would encourage subsistence agriculture or
food production in general. This may increase land-use
pressure locally but decrease the potential for external leak-
age through food markets even more, reducing potential
leakage at the regional scale to a minimum. As observed
above, this trade-off between internal and external leakage is
absent when farmers can rent land across program bound-
aries since all indirect effects escape through this route. This
suggests that if internal leakage can be prevented, targeting
remote, poorly integrated localities could be the most effec-
tive way to increase carbon stocks at a regional scale.

An ideal strategy could be to target localities with few
remaining forests, so that setting aside arable land might
lead to agricultural intensification rather than the expansion
of the agricultural frontier. Alternatively, internal leakage
could be averted by incorporating remaining forests into
PES, i.e., by avoiding deforestation while encouraging re-
forestation. Efficiency and effectiveness are not free of cost,
nevertheless, and the implications for local wellbeing need
to be considered. Significantly, our analysis reveals that the
potential for leakage is smallest in poorly integrated locali-
ties because consumption falls the most there as a result of
income losses. In contrast, a program that generates income
gains for local households may be completely ineffective
because external leakage can offset local reforestation en-
tirely. Overall, if minimizing leakage depends on reducing
consumption, authorities must take into account the trade-
off between effectiveness and equitability. Also important is
that the gains and losses of carbon forestry will not be
distributed evenly. In fact, some stakeholders may draw
benefits from others’ losses, which could set the stage for
conflict. Alternative ways of addressing the potential impli-
cations for local livelihoods can have repercussions of their
own (Dyer et al. 2012). A program that prevents job losses
could be the best option, but its efficiency compared to
direct compensation could depend on program scale (Dyer
et al. 2012).

In light of these issues, carbon-forestry programs should
develop alongside with institutions to safeguard local rights,
including food security and the right to work, as well as
along with the adaptability of national legal and economic
interests (Angelsen et al. 2012; Zomer et al. 2008). When
rights to land are not secure, there is a risk that carbon
forestry could result in the expropriation or “green grab-
bing” of this resource (Fairhead et al. 2012).

Designing carbon-forestry initiatives that are both effec-
tive and equitable remains a challenge. Statutory restrictions
on forestry projects under the Clean Development Mecha-
nism limited their ability to reduce green-house-gas emis-
sions while promoting sustainable development in host
countries (Brown et al. 2004). The capabilities needed to
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negotiate, manage, and support projects have evolved rap-
idly under the umbrella of REDD+, yet numerous chal-
lenges remain. International support for REDD+ is based
on its promise as a strategy to reduce green-house-gas
emissions and mitigate climate change. However, it is cru-
cial that projects also bring benefits to local communities
and their environment. Our findings contribute new argu-
ments to insights offered by authors who have stressed the
need to safeguard the rights and wellbeing of local commu-
nities while seeking to ensure the effectiveness of interven-
tions (Angelsen et al. 2012).
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