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ABSTRACT. Since modification of agricultural production choices in developing countries
often provides positive environmental externalities to people in developed countries,
payment for environmental services (PES) has become an important topic in the context
of economic development and poverty reduction. We consider two broad categories of PES
programs, land-diversion programs, where lands are diverted from agriculture to other
uses, and working-land programs, where agricultural production activities are modified
to achieve environmental objectives. PES programs are generally good for landowners.
The distribution of land and land quality is critical in determining poverty impacts.
Where ES and agricultural productivity are negatively correlated and the poor own lands
of low agricultural quality, they stand to gain from PES programs. Consumers and wage
laborers may lose where food supply is inelastic and programs reduce labor demand.
Working-land programs may have better distributional effects than diversion programs.

1. Introduction

Coase’s (1960) insight that property rights considerations should play a
role in managing externality problems provides the intellectual foundation
for programs to pay agricultural producers to reduce negative externalities
or provide positive ones. These programs include public sector payments
such as the Conservation Reserve Program in the United States, agri-
environmental payments in Europe, and Global Environmental Facility
programs in developing countries. They also include payments by
non-governmental organizations such as the Nature Conservancy or
Conservation International for development rights and conservation
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activities and, in a growing number of cases, payments from the private
sector. Since modification of agricultural production choices in developing
countries often provides positive environmental externalities to people in
developed countries, payment for environmental services (PES) has become
an important topic in the context of economic development and poverty
reduction. Many who are concerned with environmental sustainability are
also concerned with poverty reduction, and the close links between the two
objectives are resulting in intensified efforts to develop PES programs that
aim to achieve both environmental and poverty alleviation objectives.

Tinbergen’s (1956) classic research on policy design emphasized the
difficulty of attaining more than one objective with any single policy tool,
and his analysis suggests that the effort to obtain both environmental
quality and equity objectives with PES may be problematic. This paper
aims to develop a conceptual framework to analyze the conditions under
which PES programs can serve to reduce poverty and give insight into
ways PES programs can be targeted to obtain poverty reduction benefits.
The paper is based on the literature that recognizes heterogeneity among
economic agents and locations in terms of both agricultural productivity
and environmental quality and the implication of correlations between
them (Wu et al., 2001). Our approach aims to investigate how these
correlations affect the design of strategies utilizing a single instrument
to attain multiple objectives. Specifically, we attempt to identify how the
pursuit of environmental goals can be used to improve the welfare of the
poor in the developing world.

Our analysis considers two broad categories of PES programs, land-
diversion programs, where lands are diverted from agricultural production
to other uses,! and working-land (WL) programs, where lands remain in
agriculture but production activities are modified to achieve environmental
objectives. The modeling framework is developed for the case of land-
diversion PES programs. We consider the impacts of PES on three categories
of micro agents — the urban consumer, the rural landless, and the rural
landowner. Our approach starts with an analysis of individual agent’s
choices, which are then aggregated to obtain supply and demand for food
and for environmental services (ES). The same modeling approach is then
applied to derive impacts of WL programs. We conclude by identifying the
features of PES programs that may be beneficial or harmful to the poor, and
find that in general, WL programs are less likely to be harmful.

2. The model

PES is assumed to directly affect two outputs — an agricultural good and
ES. The agricultural good is produced with land, labor, and a variable input
(e.g. chemicals) by heterogeneous producers. Heterogeneity may be caused
by differences in farm size or productivity. Production of the agricultural
good results in environmental externalities, and the ES are defined as either
the reduction of negative externalities or the provision of positive ones. In
this first model, we assume that ES are generated by diverting land from

! Here agricultural production refers primarily to crop and livestock production.
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agriculture to other uses. Four groups are affected by the program — rural
landowners, rural landless, urban consumers, and beneficiaries of ES (who
may fall in any of the previous categories as well).

Because the emphasis is on production choices, we assume that
households have identical utility functions: u(Q, E, Z), which depend on
the quantity of the agricultural product consumed (Q), consumption of the
composite good (E), and environmental quality (Z). This is an expansion
of the standard two-good framework (Just ef al., 2004) with the addition
of environmental quality, Z, which is assumed to be a public good in
the sense that there is non-rivalry and non-excludability in consumption,
though the benefits may be limited to a region. Production of ES leads
to a change in Z, for example, by improving water quality or enhancing
biodiversity. Additionally, activities generating ES may improve more than
one dimension of environmental quality; for instance, planting trees and
shrubs in some locations may increase carbon sequestration, reduce soil
erosion, and lead to improved water quality and flow. The level of Z may
also differ between the urban and the rural sectors, and ES may affect
only one of the sectors or both. For simplicity, in this paper we consider
the impact of a PES program which results only in improvement of urban
environmental quality, meaning that, without the payment, farmers would
not provide any ES. For example, farmers may be paid to modify practices
to reduce waste disposal, thus improving the quality of urban drinking
water. In this case, the PES program is solving a rural externality problem?
by inducing provision of a public good to the urban sector. The composite
good E is measured in monetary terms, so given household income, 1,2
E = I — pQ, where p is the unit price of the agricultural good. Thus, under
our assumptions, utility is a function of the price and consumption of the
agricultural good, income, and Z. We assume that utility is measured in
monetary terms and demand is additive. In particular

wQ E, Z)=h(Q+1-pQ+vZ D

where h(Q) is utility (in monetary units) from consumption of the
agricultural product. We assume that the marginal utility of the agricultural
commodity is declining, from an initially very high level (#" > 0,h" <0,
and 1’(0) = o0). The marginal utility of the composite good is constant
and equal to one monetary unit, and the marginal monetary utility of
environmental quality is ¢. These assumptions imply that the marginal
utility of the agricultural commodity is more sensitive to changes in
consumption than the marginal utilities of the composite good and Z. This
simplification is an expansion of Mussa and Rosen’s (1978) micro-model
and allows us to derive a Hicksian demand function (a function of price
only) for the agricultural commodity.

2In other cases, the PES program may lead to provision of a public good that
benefits everyone. For example, when farmers are paid for providing land to
preserve native plants that are valued by all members of society, everyone gains;
though, the fraction attributable to the providers can be quite small.

3 We define income to be net income after taxes. One plausible situation assumed
here is that the PES is paid by taxpayers, so I is net of these taxes.
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Our analysis considers mostly the rural region, which consists of Nj,
landless households, and N, landowning households. Let 1 be an indicator
of the households, which assumes a value from 0 to Nj. All landless
households are assigned n = 0, since we treat them as homogenous agents;
landowners are assigned 7, which assumes values that vary from 1 to Nj.
Landowners vary in their farm size and land productivity. Let L, denote the
land area of landowner n. Without loss of generality, the ns are established
to reflect income, so that landowners with lower n are poorer (have less
income) before PES is introduced. We also assume that each rural household
has one unit of labor and the agricultural production function exhibits
constant returns to scale. Output is produced with land and labor, giving
the production function per acre of the nth producer as

Yn = anf(xn)/ (2)

where y, is output per acre of landowner n, «, is a multiplicative
production coefficient capturing land productivity, and x, is labor per acre
in agricultural production of owner 7. The production function is assumed
to be concave so that f'(x) = i’% >0, f"(x) <0.

We further assume that producers are competitive and are price takers,
there are perfect markets for labor and the agricultural output, and the
prices of output, p, and labor, w, are determined endogenously within the
system. Our assumptions about utility, technology, and markets separate
the consumption and production activities of the households and simplify
the analysis on the impacts of PES programs. The use of integrated
models as in Singh et al. (1986) yields greater realism but leads to extra
complexity that detracts from our focus on the effects of introducing PES
programs on producers. Expanding the analysis to consider non-separable
household models will be important to understanding program impacts
where there are a number of other serious market failures, and thus remains
an important area for future work.

3. Land-diversion PES programs

In this section, we consider a PES program based on land diversion, where
producers are paid to convert land from agricultural uses to other land uses
such as forests or other types of native ecosystems. The land-use change
may generate several types of ES and may lead to return of native plants,
provide wildlife habitat, prevent erosion or air pollution, etc. Following
Wu et al. (2001), we assume that each unit of land generates a fixed amount
of environmental benefits, but these benefits vary across locations. The
environmental benefit per unit of land of the nth landowner is b,, and the
price paid per environmental benefit is constant and denoted by v.* For
instance, diversion of land away from pasture may result in a reduction of
animal waste runoff polluting local waterways, while diversion from field
crop production to forest may generate carbon sequestration or biodiversity

* v may be interpreted as the sum of a direct payment for a unit of environmental

benefit plus the gain in asset value or decline in expenses for the farmer due to
the program.
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conservation. Our specification captures heterogeneity across land units in
the sense that the amount of waste reduction or carbon sequestration per
unit of land is allowed to vary across locations (Babcock et al., 1997).

When PES is not available, each landowner has to determine the amount
of labor per unit of land they use and whether to farm the land. Optimal
labor is determined solving

1\/£ax pay f(xn) — wxy 3)

subject to a non-negativity land rent constraint, pa, f (x,) — wx, > 0. At the
optimal solution x(p, w), the marginal condition equating the value of the
marginal product of labor is equal to the price of labor

panf'(x;) —w =0, )

where f'(x,) = BJ% is marginal productivity of labor per acre. We assume
that the production function f is concave, and thus the farmer’s problem
has an optimal solution. We also assume that all land is utilized and that all
labor (both that of landowners and landless households) is employed. The

agricultural rent of the land of owner 7 is

r(p, w) = pa, f(x;) — wx;,. ®)

Once the PES program is introduced, the farmers have another choice —

to divert land to uses that generate ES. The per acre benefit for the nth

landowner from enrollment in the PES program is vb,. Let §,(p, w, v) be an

indicator function, which assumes the value 1 when the nth landowner is

enrolled in the PES program and is equal to 0 otherwise. The value of the
indicator is determined according to

1 ifob, > pa, f(x*) — wx*
d(pwo)= pen ) = (6)
0 ifob, < pa,f(x)) —wx;
The landowner joins the PES program if doing so generates more
income than the agricultural rent. Landowners are divided into groups
of participants and non-participants in the PES program. The participants
are the ones who belong to the Sp set, and non-participants belong to Sy,
where
Sp(p,w,v) = {nwithé,(p,w,v) =1} and "
Sn(p,w,v) = {nwith é,(p, w,v) = 0}.

The micro-level choices form the basis for the aggregate supply of
agricultural output and ES, as well as the aggregate demand for labor.
Aggregate agricultural outputis denoted by Y, and aggregate output supply
is

Yipwo)= > Lunf((pw). ®)
neSn(p,w,v)
Aggregate labor demand is
XP(p,w,v) = Z Lux;(p,w). )

neSn(pw,v)
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The aggregate supply of environmental benefits B(p,w,v), which is a
measure of the ES provided, is

BS(P,w/U) = Z Luby. (10)

neSp(p,w,v)

By assumption, ES affects environmental quality, Z, only in the urban sector.
The aggregate demand for agricultural output facing the producers of the
region is denoted by YP(p) and is negatively sloped. Clearly, demand is
likely to be more inelastic when access to the international market is costly.
The rural supply of labor N° is the sum of the labor of the landless and
landowners (N° = Ny + N). Using these definitions, the equilibrium prices
of output and labor given the price of the ES are derived from the solution
of

Z Lo, f(xi(p,w)) = YP(p) Output market equilibrium (11)

neSn(p,w,v)

Z Lux;(p,w) =Ny + N; Labormarketequilibrium. (12)

neSn(p,w,v)

Once the optimal p and w are determined, the land, labor, and
land-use allocations can be derived, and then using equation (10) the
aggregate level of ES provision can be computed. Resource allocation
before the introduction of the PES program is used as a benchmark for
the distributional analysis. Let Yy, po, and wy denote the initial levels
of output, output prices, and labor prices, respectively, corresponding to
v = 0. The equilibrium levels of these variables for a positive v are denoted
by Yy, py, and wy. The supply of output before the introduction of PES
is given by Y5(p,wy,0) in figure 1. The non-negativity constraint on rent
(pan f (x,) — wx, > 0) results in idling of land and low output supply when
the output price is sufficiently low and, given wy, there is an output price
level, p(wy, 0), below which no output will be supplied. When output price
is sufficiently high, all the land and the labor are used in agricultural
production, which results in the inelastic segment of Y(p,w,0) = Y as
shown in figure 1. The output supply curve holding labor wage constant but
with positive v is designated as Y (p, wo, v). This curve is above Y(p, wy, 0)
since the introduction of the PES program will lead landowners to divert
land, thus reducing agricultural supplies. However, at the new equilibrium,
the wage rate will also change to w,. If w, < wy, meaning that the wage rate
declines due to the introduction of the PES program, this wage effect will
indirectly enhance supply of the agricultural output, as captured by the
supply curve Y°(p, w,, v) corresponding to the case where w, < wy.

The introduction of a PES program increases the minimum output
price required for positive supply (since farmers have alternative uses for
the land) from p(wy,0) to p(w,, v). Similarly, comparing Y*(p, wp,0) with
YS(p,wo,v) suggests that the minimum p that will lead to production of
maximum output Y will increase with the introduction of PES. That further
suggests that if v is sufficiently small, it has a small impact on production
and if it is sufficiently large, it may eliminate it. Figure 1 depicts a more
likely middle case, where initially all land was used in production and
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p
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Figure 1. Equilibrium in the output market

maximum output was produced, and introduction of the program causes
partial diversion of land to ES provision. In this likely case, introduction
of a PES program reduces agricultural output along with land allocated to
agriculture, but also leads to an increase in output price, e.g. with moderate
ES payments, Y, < Ypand p, > po.

The impact of the introduction of PES on the wage rate is ambiguous
except in the case where demand is infinitely elastic resulting in w, <
wp. When demand is sufficiently elastic and the output price effect of
introducing the PES is low, then the reduction of the marginal productivity
of labor (because the labor-land ratio increases) will lead to reduction of
the wage rate, as illustrated in figure 1. However, when demand is inelastic
and v is sufficiently high enough to induce diversion of significant amounts
of land away from farming, p increases substantially, and this increase in
output price may lead to a higher w.

Thus, introduction of a land-diverting PES program will reduce the wage
of the labor force, if demand for the agricultural output is sufficiently elastic.
However, if the output demand is sufficiently inelastic, PES may lead to
higher wage rates.

Intersectoral distribution of impacts and implications for the poor

We next consider the impacts of land set-aside PES programs on the
intersectoral distribution of income. We consider three sectors — consumers,
farm laborers, and landowners. An analysis of the implications for poverty
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reduction needs to be made across all sectors, as the poor may be found in
each. Below we consider each one in turn.

The urban poor

The urban poor may be affected by PES programs in two ways: in their
consumption of the agricultural product, and as direct beneficiaries of
improved environmental quality resulting from the PES program.® Let
AWY denote the change in welfare of an urban household (measured in
monetary units) due to the PES program. From (1), this change can be
approximated as

AWY = —ApQ+yAZY, (13)

where A Z! is the improvement in environmental quality in the urban sector
due to PES. Condition (13) suggests that the PES program has a welfare-
reducing effect due to the price increase of the agricultural product and a
welfare-improving effect due to an increase in environmental quality. The
PES program may harm the urban consumers if the price effect dominates
the environmental quality effect. The likelihood that the urban poor will lose
from the PES program is greater where the agricultural product comprises a
large share of the consumption budget, and where demand for the productis
inelastic. To the extent that the urban poor consume mostly locally produced
food, they are more likely to be negatively affected by a PES program that
reduces the availability of local staples. Where agricultural products are
globally traded commodities, however, the impact of PES on food prices
will be much smaller, and thus the impact on the poor as consumers will
not be significant.

The urban poor may also be beneficiaries of PES programs that improve
environmental quality in urban areas. For instance, the urban poor are
often consumers of low-quality water with minimum access to sewage
services, they may live in neighborhoods least protected from floods, and
they are more likely to be exposed to water shortages. PES programs that
improve the quality and flow of water and protect against disasters are
likely to benefit this group. On the other hand, they are less likely to benefit
from PES programs that improve expensive recreational possibilities, or
preserve endangered species and/or other ES that produce large global
public benefits but relatively low local benefits per person. The net effect
depends on the magnitude of the gains from the environmental benefits
versus the loss due to increased food prices. If the urban poor contribute to
the PES, this must be deducted from net benefits.

The landless poor

We next turn to an assessment of the potential impacts on the landless
poor. Let AWEL be the impact of the PES program on the landless poor,
restricting the analysis to cases where PES improve environmental quality
only outside the rural sector, so that AZR = 0, and AW becomes

AWEE = —ApQ + Aw. (14)

5 We assume that the urban poor do not pay for the ES.
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The PES program affects the landless by its impact on wage rate and food
prices. When the PES program has a weak impact on food prices (demand is
elastic), the wage rate is likely to go down, and the impact of land diversion
programs on the well-being of the landless will be negative. If the output
price effect is positive and the PES program leads to an increase in wage
rate, the wage earnings of the landless will increase. However, as equation
(14) suggests, the higher output price will increase the cost of living for
the landless, and they may lose with the introduction of PES programs
despite higher wages. Thus, the landless are more likely to gain from PES
programs where the program leads to higher output prices and wage rates,
but where the agricultural product has a relatively small share of their
overall consumption set.

Poor landholders

Let AWST be the impact from the introduction of the PES program on the
well-being of a landowner with land type n. Let the optimal labor use per
unit of land before the PES be denoted by x!. Even if the farmer does not
participate in the program, the change in the output price and wage rate
may affect the land rent. The change in the rent per acre is

Art /[5n(P/w/v):0] = Apay f (X0) + [pf'(x)) — w] Ax} — Awx?, (15)
which, once the first-order conditions are considered, becomes
ArSE /[57‘(%1010):0] = Apanf(xg) — Awx?. (16)
If a farmer participates in the PES program, the land rent gain is

SF * * SF
Arn [8:(p,w,v)=1] = Ub” - Pﬁlnf(xn) + wx, + Arn /[6,‘(p,w,v):0]' (17)

The gain in rent includes the gain from participating in the program and
the gain that occurs if the farmer does not participate, Ar St/ [5.(p09)=0] The
gain from participation includes a change in earnings, vb, — ;;oz,; f zx,’;}, that
may be negative, plus the savings of labor, wx;;. Conditions (16) and (17)
can be combined to give

ArSE = 8,(p, w,0)[vby — pay f(x}) + w1 + Apa, f (x)) — Awx).  (18)

Equation (18) suggests that the gain per unit of land includes the direct
gain from participation when it occurs, and an indirect gain from an increase
in land rent due to changes in w and p. To assess the overall effect of the PES
onlandowners, we have to multiply the per-land unit effects of equation (18)
by the land of the farmer and add the effects of the policy on consumption
and labor of the landowning household. After manipulating terms, we
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obtain®

AWSE = Loy(8,(p, w, 0)[vby — pa, f(x}) + wx; ]} (
19)
+ Aw(1 — xIL,) + Ap[a f (x0) Ly — Q]

Small farms will be affected by the PES program in three ways. First,
there is the land rent effect that is likely to be positive. This effect is equal to
ArSF L, and reflects gains per acre times the size of land (as seen in equation
(18)). Additionally, there is the wage rate effect, Aw. Since smallholders are
often also farm workers, they may be affected by the reduction or increase
in the wage rate due to the PES program. Farm households that participate
in the wage labor market will gain when the wage rate effect is positive,
and lose when it is negative. The third term in equation (19) is the output
price effect on consumption, —ApQ, which is likely to reduce welfare,
since smallholders are often consumers of the output they produce. The
overall effect of the PES program on the welfare of small farms depends
on the relative magnitude of the three effects. Table 1 summarizes the
potential positive and negative impacts on all three sectors, and presents
the conditions under which the poor in each sector are likely to gain.

Since landowning households generally constitute an important segment
of the rural population and this group is likely to be the most directly
affected by PES programs, in the following section we use equation (19) to
analyze the distributional impacts of PES on these households when key
production parameters vary.

Heterogeneity and PES impacts on landholders

Equation (19) suggests that the size of the farm, L,, the productivity of
the land for agriculture, «,,, and ES produced when land is diverted, b,,
determine the differential impacts of PES programs on rural households.
Heterogeneity among households reflected by differences in these key
coefficients will result in wide variations in the impacts of PES on
landowning households. Small units with low land productivity in
agriculture and with limited potential for supplying ES that do not
participate in the ES program will gain little land rent, and the impact
of the PES program on their well-being will be similar to the impact on
the landless, through changes in agricultural product and wage prices. On
the other hand, large units with high agricultural productivity and/or high
environmental amenities that participate in the program will gain from the
difference, vb, — pay, f (x}}) + wx;;. Large units will also gain relatively more
due to the appreciation of output prices, Ap[ay, f(x2)L, — Q], since L, is
clearly larger but Q is likely to be similar or lower for largeholders versus
smallholders. Largeholders, who are more likely to hire labor, will also gain
relatively more when wages decline, with the gain equal to Aw(1 — x0L,,).

6 While we analyze the impacts of the PES on an annual basis, long-run analysis will
indicate that increases in land rent will lead to increases in land prices. Sometimes
the PES program will increase the value of the land in the long run by improving
the private benefits they provide (if trees are planted). These gains are not included
here and should be a focus for further research.
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A more detailed analysis of the impacts of PES programs on landowning
households requires assumptions about the properties of L, b, and «,,. We
assume that these parameters are well-behaved (continuous, differentiable)
functions of the variable 1, so that 0 <n < N;.7 Additionally, we assume
that land rents always increase in response to an introduction of the PES
program. We consider several scenarios.

Heterogeneity in productivity among households with the same size
landholding

For the following cases, we assume that L, = L. By our initial assumption,
the productivity coefficients are increasing functions of n, da,/dn > 0. In
this case, we are supposing that poorer households hold lands lower in
agricultural productivity. We assume that marginal benefits of n are constant
for ES, e.g. b, = Bn, but also consider both positive and negative fs.

1. A case of negative correlation between ES and agricultural productivity (8 < 0).
We define a critical n, n€. At this critical value

vbS = pal f(x¥) — wx}. (20)

In this case all households with poorer quality agricultural land, n < n®,

will participate in the PES program. Households with better quality land
(n > n°) willnot participate in the program. Furthermore, the differentiated
impact of participation in the PES program amongst households is derived
by differentiation of (19) with respect to n when §,(p, w,v) = 1 to yield

AWVISF /6,,(p,w,v):1 aby, % 0 dary,

ezt oS- (- apf () 5 [} e
Equation (21)® suggests that when the farms are of equal size
and environmental benefits are negatively correlated with agricultural
productivity, the introduction of the PES program will provide more
benefits to poorer households. For example, cases with negative correlation
are likely to occur where poorer farmers hold marginal agricultural land
(shallow soils or hills) also inhabited by valuable wildlife. In these cases,

transition from farming to conservation will benefit poor households.

2. No correlation between environmental benefits and productivity (8 = 0). The
outcome is the same for the case of negative correlation with the same
critical n, n€ defined above. Here, households with less productive land
will participate in the PES program and, as suggested by equation (20), will
gain relatively greater benefits since the opportunity costs of shifting land
out of agriculture are still greater at higher #.

Another benefit of the two cases where g < 0 is that the least-productive
lands are taken out of production, and thus the impact on the prices of

7 For mathematical convenience, the household indicator is treated as a non-
negative continuous variable when we specify properties of key functions and
analyze distributional impacts.

8 To arrive at equation (21), note that L{[(—p + Ap)a, L02 +w — —Aw]

ax;y

Xy
) =0.
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output and labor is smaller than if the same area of more productive land
were diverted to provide ES. Thus, these cases have relatively desirable
impacts also for the urban poor and the landless.

3. Positive correlation between ES and productivity (B > 0) with increasing
productivity differences among lands (3%a/dn? > 0). This is the case where
agricultural land productivity is a convex function of n and increases with
n at a greater rate than the ES. This may be the case where lands closer to a
body of water provide more valuable environmental benefits, but restricting
access to water has an even larger impact on farm productivity at the margin.
In this case, households with n < n¢ (where lands provide less valuable ES)
are still those that participate in the program, but now those with both
greater agricultural productivity and ES benefits continue to farm. Again,
the PES program is beneficial to those with the poorer agricultural land

quality.

4. A case of positive correlation between ES and productivity (B > 0) with declining
productivity differences among lands (3a/dn? < 0). This is the case where
productivity is a concave function of n, and the marginal increase in « is
declining with n, while the marginal increase in b is constant. Equation
(19) presents the formula for the critical n, n€. However, in this case the
richer households, nn > 1<, are the ones that participate in the PES program,
and the poorer ones continue to farm. From (19), the poorer farm units not
enrolled in the program will still benefit if

Aw(l —x9Ly) + Ap [an f (x)Ly — Q] > 0. (22)
By differentiation of (22) with respect to n, we obtain

SF
de /6,,(p,w,v):0 _ LAP%

0
n o S (). (23)

Among the poor who do not participate in the PES program, the gain from
the program increases with productivity. Thus, whereas all landholders will
gain from the program, those with poorer land quality gain relatively less.

We find that those holding lands poor in agricultural productivity will
gain proportionately more than their high-quality landowning counterparts
from the PES program when the correlation between land quality associated
with productivity of the ES and agricultural products is negative or zero,
so that those with poor agricultural land participate in the program. Even
if the correlation is positive, but the impact of land quality on agricultural
production is increasing at a growing rate, the same results hold. In the
case where returns to quality are increasing at a decreasing rate, it will be
those with relatively better quality agricultural lands who join the program.
Poorer households will still gain (again assuming the land rent gains are
positive), but those with the lowest quality land will gain less, so that
the distributional effects will be regressive. Next, we consider cases with
differences in size of landholding.
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Heterogeneity in productivity when household landholding size varies
For the following cases, we assume that well-to-do households own more
land, 8L, /3n > 0. As before, we assume that the marginal benefits of n are
constant, b, = pn, but consider both positive and negative fs.

1. A case where richer households hold lands more productive for agriculture,
dor,/0n > 0, and there is a non-positive correlation between ES supply and
agricultural productivity (B < 0). The critical n value defined in (24), n°,
separates poorer households, n¢ > n, that participate in the program from
the richer ones that do not. A participating household benefits from the PES
program if

AVVnSF /5,,(p,w,v):1 = [Ubn - POlnf(x:;) + wx;]Ln
+ Aw(l — xIL,) + Ap [onf (x)) Ly — Q] > 0. (24)

If the program has no impact on wages and output prices, even the smallest
household will benefit. However, if it leads to an increase in output price
and reduction in labor costs, and small landowners cannot generate the
gains that will overcome the extra costs due to these price changes, small
landowners may lose from the PES program, despite their participation
in it. To assess the impact of participation on households of different
landholdings, we differentiate (24) with respect to 1 to obtain

dAWSF /5 ab 9
n W(pwo)=1 _ no_ ® 0 oy
gt o — (presp - dpf (a2 e

+ [0by — (pf (x}) — Apf (x0))en + (wx) — Aw * x))] aaLn". (25)

The first element on the right-hand side of equation (25) is negative and is
the direct effect of having per-hectare land quality favoring provision of the
ES on the poorer households’ well-being. The second element, the marginal
effect of larger landholding size on household welfare, depends on the
changes in land rent, which are positive for those who enter the program.
This effect clearly favors those with larger landholdings. Distributional
consequences then depend on whether the direct benefits to smallholders
of enrolled land that provide very high ES benefits outweigh the higher
land rents per hectare gained by both small and large landholders. Thus,
if households with larger landholdings have higher agricultural productivity, and
ES supply is non-positively correlated with size, poor households will participate
in the program, but the poorest ones may gain less than enrolled units with more
land.

2. A case where richer households do not hold lands more productive for agriculture,
da, /0 < 0, and there is a positive correlation between ES supply and agricultural
productivity (B > 0). In this case the richer households, with n© < n, will
participate in the PES program. Poorer households that do not participate
will benefit or lose from the program depending on the sign of

AWSE /5}1(WJ):0 = Aw(l —xIL,) + Ap [en f (x9) L, — Q] . (26)
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If the program does not affect prices, it will not have an impact on
non-participants. When both output prices and wage rates increase,
smallholders will lose from the establishment of the program if the gains
from higher output price and less labor allocated to own production
activities are smaller than the sum of the extra consumption costs and
lower labor earnings. Differentiation of (26) with respect to 1 yields

dw;"

/Sn(p,w,v):o el Ln
dn '

_ 0y _ 0
= [Apanf(x)) — Awx,] o

27)

Households with more land that do not participate in ES programs are
likely to benefit more (or lose less) with the introduction of the program,
due to higher land rents that increase production profits per hectare.

With heterogeneity in landholdings, the distributional consequences of
the introduction of an ES program are more likely to be regressive than
heterogeneity in land quality alone, particularly when the introduction of
the program leads to higher land rents per hectare.

The impacts of PES for land diversion programs under heterogeneous
land conditions are summarized in figure 2. Thus far, we have discussed
PES programs that involve taking land out of production, but what about
the impacts of WL programs?

4. WL PES programs and their implications for the poor

PES programs that require diversion of land from production to ES
are relatively easy to model as compared to WL programs, which
require modification of farming activities rather than land-use change to
generate environmental amenities. With land diversion programs, there
is a separation between agricultural production and the generation of
environmental amenities, while in WL programs environmental amenities
are generated through the agricultural production process, and there
is considerable variation in how these programs could work, making
generalized modeling more challenging. For example, some WL programs
may aim to sequester carbon in soils by reducing tillage, slow runoff, and
erosion. In some cases these activities may increase production costs with
limited impact on output. Another WL program may aim to reduce chemical
use, which may lower yields and require a substitution of chemicals with
labor. Econometric applications and simulations are especially challenging
when modifying the production function to accommodate the specific WL
program. Here we will assume that the WL program reduces yield by a
certain fraction, y, and increases the labor requirement by a certain amount
per unit of land 6. On the other hand, the program pays vb, per unit of land.
This may correspond to WL programs that restrict tillage and pest-control
activities to reduce pollution or to protect wildlife. As before, 8,(p, w,v) is
equal to one if the nth household is participating in the program and is equal
to zero otherwise. When the nth household participates in the WL program,
its rent per unit of land is the solution to the optimization problem

r! = Maxpa(l - y)f(x — 6) = wx + vb,. @8)
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Let x3=! be the optimal labor per unit of land if the household participates in
the WL program. This consists of labor needed to accommodate the initial
production technology and to generate the ES. The optimal level of labor
for agricultural production is then ¥=! = x’=! — ¢, and is obtained by the
solution to the first-order condition

paq(l—y) f/(f;i=1) —w=0. (29)

The land rent of non-participants is 75~ and is paf(x) — w(x) for non-
negative x values, with optimal x5=° determmed where paf’(x3=%) = w. The
nth household will choose to participate in the WL program, §,(p, w,v) =1,
if

r=t — 2= ~ vb, — 6w — ypa, f (%2') > 0. (30)

Participation is worthwhile if the payment for the ES is greater than the
extra labor cost plus the revenue loss associated with the lower output.
The aggregate output supply and labor demand can be derived, using the
same aggregation procedure we followed for the land diversion program.
The introduction of the WL program may result in changes in output price
if output demand is not perfectly elastic. A direct comparison of the land
diversion programs is not possible, since the overall impact will depend on
how many acres enroll for a given payment; however, for any given level
of enrollment, agricultural output will be higher under a WL program, and
thus prices will increase less. On the other hand, labor wage is more likely to
change with participation in the WL program vis-i-vis diversion programs.
If 6 is sufficiently large, the wage rate increases (Aw), total output decreases
(AY < 0), and output price increases (Ap > 0).

The impact of the WL program on the urban poor presented in equation
(18) is AWHYP = —ApQ + AWEP. When output price is increasing and the
environmental benefits of the WL program for the urban poor are small,
the urban poor are likely to lose from the introduction of the WL program. In
this regard, the impacts of the WL program are to those arising from a
land diversion PES program. The impact of the WL program on the rural
landless from equation (15) is AWLL = —ApQ + Aw. As in the case of the
land diversion program, the landless will have to pay more for the products
they buy but, unlike the case of land diversion, the earnings of the landless
are more likely to increase with the WL program, and thus the landless are
more likely to gain from the introduction of this program.

To assess the impact of the WL program on landowners, the change in the
land rent due to the introduction of the program can be derived in a manner
similar to the derivation of equation (22) in the case of land diversion. The
change in rent is

= 8u(p, w,v) [vby — 0w — ypa, f (X)) ] + Apan f (x)) — Awxy.
(1)

¥ Notes poty(f(130) — FE) — (= = B) = [pena(f/ () — ]l = '] =
0>.
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The change in the welfare of the nth household is thus
AWnSF =L, {571(P/ w,v) [Ubn — 0w — Vpanf(;{s:l)]}
+ Aw(1 = x)L,) + Ap [onf (7)) Lu — Q] . (32)

The difference between equations (32) and (19) — where equation (19)
captures changes in smallholder welfare from the introduction of a land
diversion program —is equal to

AWnLandDiv _ AWHWL — L”{(Sn(p/ w, U)[(l — )/)p()lnf(x;) - QZU]}, (33)

when evaluated at the same p, w pair. Given our assumption that profits
are non-negative for participants in any program, equation (33) is always
positive. Under the most realistic scenario, we expect output prices to
increase less and wages to increase more under the WL program, reinforcing
the likelihood that rents per hectare will be lower under a WL program.
Thus, urban consumers and rural landless are likely to be better off than
under the land diversion program, butlandowners may not benefit as much.

Next, we can follow the discussion in section 3.2 and evaluate the changes
in the welfare of landowners when landholdings and land productivity
vary across the n households. Equation (32) suggests that if b, is negatively
correlated or uncorrelated with «,, households with less productive lands
will participate in the WL program. The critical 7 in this case is

nfy,  whereob, — 0w — ypa, f (%7') = 0. (34)

In these cases, households with less land will gain from the WL program,
both directly as their income increases from the payment, and indirectly if 6
is sufficiently large to induce higher labor prices. However, these gains will
be reduced to the extent that smallholders are net buyers of agricultural
products, since the output price increases.

If both b,, and «,, increase with n, but db,,/on > da,/9n, households with
greater agricultural productivity participate in the WL program. The less-
productive households that do not participate in the WL program will
benefit if they do not have much land and the labor price effect of the
program outweighs the output price effect. Thus, if a WL program pays
farmers to not use chemicals, which results in an increase in labor demand,
riparian households with high productivity land and even higher relative
marginal contributions to ES generation will join the WL program. Less
productive households will not participate but may gain from it because
of increased labor demand. In the case of payment for conversion to low
tillage or for the use of traditional varieties that reduce land productivity
and have little impact on labor demand, non-participants in the program
will not benefit when the output price effect dominates the labor price effect.

If we relax the assumption of homogenous resources and allow
heterogeneity among landowning households, assume that the distribution
of land is unimodal and similar in shape, and well-to-do households have
an average higher mode of land productivity, we can show the following;:
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A. Negative or no correlation between agricultural land productivity and ES
coefficients results in higher participation in the WL program by poorer
farmers. If smaller households have the leastland, they may lose despite
participation because of the higher consumption costs and lower labor
earnings. Alternatively, smallholders gain from the program if the
payment has a stronger effect on agricultural profits vis-a-vis impacts
on consumption and wage labor.

B. A positive correlation between productivity and the ES coefficient where
marginal ES is convex in productivity and will result in a higher percentage
of participation by well-to-do farmers. If the high productivity farmers
also have more land, they will be the main beneficiaries of the PES
program, while poorer farmers may lose as the positive gains in land
rent will be outweighed by losses resulting from higher consumption
costs and lower wage earnings. The results of the analysis of the impact
of WL PES programs on the poor under heterogeneous land quality
and distribution are shown in figure 3.

5. Application to selected countries

Our analysis has indicated a set of factors that are important determinants
of the potential poverty impact of PES programs. These include the
distribution of land and heterogeneity amongst farmers in land productivity
with regard to agricultural and ES production, as well as the price elasticity
of food demand and the elasticity of agricultural wages with respect to
changes in local labor supply.

In this section, we use data from a small set of developing countries
to illustrate how concepts developed above may be applied to real-world
situations. National-level statistics on agricultural population per hectare
of arable land are used as a crude indicator of the supply conditions in
agricultural labor markets for a selected sample of countries. We assume
that countries with high ratios are likely to have more excess labor supply
than those with lower ratios, recognizing this will be highly conditioned
by the distribution of agricultural land, type of technology employed in
agriculture, and migration. To capture land distribution, we look at the
Gini coefficients on the distribution of landholdings for the same selected
set of countries. These two statistics are used to develop a categorization of
countries by population density and land distribution, as shown in table 2.
We identify a set of farming systems the poor are engaged in for each country
group, using information from a FAO study (Dixon and Gulliver, 2002). For
countries with low agricultural population densities, those with a relatively
even distribution of land are likely to be characterized by extensive forms of
agricultural production, where the poor engage in production systems such
as slash-and-burn agriculture or pastoral systems, and labor may often be a
constraint. In low-density countries with uneven land distribution, which
are primarily found in Latin America, smallholder mixed crop and livestock
subsistence systems are prominent among the poor, together with a heavy
reliance on wage labor as a supplementary income source. In countries
with high agricultural population densities and equitable land distribution,
labor-intensive smallholder systems, where land rather than labor is the
constraint, are frequently found among the poor. In high-density countries
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Table 2. Country groups by agricultural population density and land distribution

Agricultural population/arable land density

Distribution of land Low (<3 persons/ha.) High (>3 persons/ha.)
Even, <0.5 (1) Congo Dem. Rep. (3) China
Indonesia Nepal
Rwanda
Ethiopia
Uneven, > 0.5 (2) Honduras (4) Malawi
Brazil Vietnam
Paraguay Bangladesh
Peru India
Colombia Pakistan

with uneven land distribution, the poor are more likely to have very small
landholdings and be reliant on wage income, or be landless wage laborers.

We consider the likely poverty impacts of introducing WL and/or land
diversion PES programs on rural populations across these four categories of
countries. For countries in category (1), land diversion programs that release
labor and increase land rents could be beneficial to the poor, particularly
when they are located on lands poor for agricultural production but high
in ES productivity. Here, labor-increasing WL programs are less likely to
benefit the poor, as labor constraints preclude participation. In category
(2) countries, the implementation of land-diverting PES programs could
improve the returns to land held by the poor, but the wealthy are likely
to gain relatively more. In this case, the correlation between agricultural
and environmental productivity is critical in determining whether poor
landholders will benefit. Poor landholders and landless laborers could
be hurt if wages fall. WL programs that increase labor demand are most
likely to be beneficial to the rural poor through wage effects. In category
(3) countries, small average-size landholdings makes land diversion PES
programs more problematic, but potentially beneficial to the poor if they
own lands with higher returns to ES vis-d-vis agricultural production.
For these countries, WL programs may also have a positive impact on
poor landholders by increasing land rents, and on the landless, through
wage effects. For category (4) countries, WL programs which stimulate the
demand for agricultural labor and increase wages may have the greatest
promise for positive impacts on the rural poor; however, land diversion
programs are likely to result in losses.

6. Conclusions and implications

We have shown that meeting two objectives — improving environmental
quality and reducing poverty — with one policy instrument can be
challenging. Our analysis suggests there are circumstances where PES
programs can achieve both objectives, but trade-offs arise between
environmental and distributional objectives under many plausible
scenarios. Several aspects need to be considered in assessing the potential
for PES to have a positive distributional effect.
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The first is the difference between production versus consumption and
labor effects of PES programs. Generally speaking, PES programs are good
for landowners because they are directly compensated for providing ES at
a level that is equal to or greater than the value of production they forego,
or they benefit from increases in output prices, and, potentially, reduction
in labor costs. Consumers, however, may lose from the introduction of a
PES, particularly where the demand for locally produced food is inelastic,
highlighting the importance of considering the degree of integration into
global food markets as an important indicator of potential poverty impacts
of a PES program. Wage laborers are likely to lose from land diversion
programs, which reduce labor demand and wages; however, they could
gain from WL programs that increase labor demand. Here, too, the
integration or isolation of labor markets will determine the strength of the
PES impact on labor market conditions. Clearly, the type of PES program —
land diversion or WL - is also critical in determining the distribution
of impacts across consumers, laborers, and landowners. Labor and land
management specifications matter and vary among PES programs, but in
general the poor are more likely to benefit from WL programs that increase
demand for labor, rather than land diversion payments that reduce labor
opportunities.

Focusing on the effect of PES programs on landowners, we find that
the distribution of land is a critical determinant of potential poverty
impacts. Where land distribution is unequal, and smallholders have a high
percentage of income from wage labor, they may incur significant losses
with the introduction of land diversion PES programs via labor market
effects. However, the distribution of land quality matters as well. Where
lands that are poor in agricultural productivity are highly productive in
supplying ES, and the poor are more likely to be located on lands of the
latter type, the potential of PES programs to generate positive impacts for
the poor are greater, which may offset negative impacts associated with
unequal land distribution. Conversely, if the owners of larger farms also
have lands of higher agricultural productivity and ES supply potential, then
the poor with small parcels of low productivity land for either agricultural
or ES supply can experience significant losses (see Pfaff et al., 2006, for
a discussion of the potential distributional consequences targeting PES to
high rent lands in Costa Rica).

Another important finding of the analysis is that the impacts of PES
programs may vary in their absolute vs. relative impacts on wealth
distribution, using an approach developed in Just and Zilberman (1988).
Absolute effects refer to changes in individual utility, whereas relative
effects are defined as changes in individual utility relative to the population
average. The distributional effects of PES programs may differ depending
on whether relative versus absolute effects are considered. For example,
if PES goes mostly to the well-to-do farmers, but because of output price
effects smaller farms are also better off, everyone is better off in absolute
terms, but the smaller farms are worse off in relative terms. Situations where
the poor may realize both absolute and relative gains are more difficult to
obtain. Our analysis suggests that situations where land is fairly evenly
distributed, but the quality of land held by the poor is more productive in
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ES supply than in agriculture, are the most likely to result in both absolute
and relative gains.

The analysis here can and should be expanded to take a more in-depth
look at factors that may affect the environmental and/or poverty impacts
of PES programs. One important issue for the former is leakage, which can
be introduced by allowing every household to have some land that is not
utilized under initial agricultural price levels, but is brought into production
in response to higher output prices resulting from the PES. The argument
in Wu et al. (2001) is relevant here, where leakage eliminates some of the
environmental gains of the PES. Scenarios can be developed where PES pro-
grams could have both negative environmental and distributional effects as
a result of leakage. For example, if most of the benefits go to large farmers,
who are also the owners of extra land brought into production as leakage,
environmental damages associated with the production on this land could
be larger than the ES benefits gained from lands devoted to ES supply,
generating a ‘lose-lose’ situation for both the environment and equity.

Several areas for extending the research on the poverty impacts of PES can
be identified as well. The analysis presented here gives important insights
for assessing the potential, type, and location of PES programs that might
benefit the poor. However, it needs to be extended to consider barriers
the poor face in participating in PES programs, such as transactions costs,
risk aversion, investment constraints, and property rights. An emerging
literature is available on these issues in the context of poverty and PES, and
insights from this work can be used in developing extensions of the present
work (c.f. Cacho and Lipper, 2006; Pagiola et al., 2005; Lipper and Cavatassi,
2004; Landell-Mills and Porras, 2002). One key area for further work is on
PES and risk. Where farmers operate under weather and pest uncertainties,
PES can affect both their average income and distribution of income. A
potential advantage of PES programs may be in providing stable income
relative to other sources, and under reasonable conditions smaller farms
that are more vulnerable to risk are more likely to participate. On the other
hand, potential reduction in food supply due to PES could augment food
insecurity and increase the fluctuation of food prices. Another important
extension will be considering cases where ES provision generates benefits
in both the rural and urban sectors, e.g. where the suppliers may also be
beneficiaries of the service.

One of the most promising areas of future research in this field is
empirical work using spatial data on poverty, agricultural productivity,
and potential ES supply to further investigate the potential benefits the
poor may realize with PES programs. Combining this type of information
with micro-level data on household natural resource decision-making will
provide considerably more insight into where, when, and how the poor
may benefit from PES programs.

References

Babcock, B.A., P.G. Lakshminarayan, ]. Wu, and D. Zilberman (1997), ‘Targeting tools
for the purchase of environmental amenities’, Land Economics 73: 325-339.

Cacho, O. and L. Lipper (2006), ‘Abatement and transaction costs of carbon-sink
projects involving smallholders’, ESA working paper No. 06-13, Agricultural



278 David Zilberman et al.

and Development Economics Division of the FAO http://www.fao.org/es/
esa

Coase, R. (1960), ‘The problem of social costs’, Journal of Law and Economics 44: 1-44.

Dixon, J. and A. Gulliver with D. Gibbon (2001), Farming Systems and Poverty, Rome
and Washington, DC: FAO and World Bank.

Just, RE., D.L. Hueth, and A. Schmitz (2004), The Welfare Economics of Public Policy:
A Practical Approach to Project and Policy Evaluation, Northampton, MA: Edward
Elgar Publishing Company.

Just, R.E. and D. Zilberman (1988), ‘The effects of agricultural development policies
on income distribution and technological change in agriculture’, Journal of
Development Economics 28: 193-216.

Landell-Mills, N. and LT. Porras (2002), ‘Silver bullet or fools” gold? A global
review of markets for forest environmental services and their impact on the poor’,
International Institute for Environment and Development (IIED), London.

Lipper, L. and R. Cavatassi (2004), ‘Land use change, poverty and carbon sequestra-
tion’, Environmental Management 33(S1): 374-387.

Mussa, M. and S. Rosen (1978), ‘Monopoly and product quality’, Journal of Economic
Theory 18: 301-317.

Pagiola, S., A. Arcenas, and G. Platais (2005), ‘Can payments for environmental
services help reduce poverty? An exploration of the issues and the evidence to
date from Latin America’, World Development 33: 237-253.

Pfaff, A.,J. Robalino, and A. Sanchez-Azofeifa (2006), ‘Payments for environmental
services: empirical analysis for Costa Rica’, paper presented at the International
Conference on Economics of Poverty, Environment and Natural Resource Use,
17-19 May 2006 Wageningen University, Netherlands.

Singh, I, L. Squire, and J. Strauss (1986), Agricultural Household Models, Extensions,
Applications and Policy, Washington, DC: Johns Hopkins University Press for the
World Bank.

Tinbergen, ]. (1956), Economic Policy: Principles and Design, Amsterdam: North-
Holland.

Wuy, J., D. Zilberman, and B. Babcock (2001), ‘Environmental and distributional
impacts of conservation targeting strategies’, Journal of Environmental Economics
and Management 41: 333-350.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Cambridge University Press - Distiller version 6 job options for Press quality - 16-Feb-05)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




