|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

Green Payments and Dual Policy Goals

Hongli Feng'

May 13, 2002

Abstract

This paper analyzes the efficient design of green payments. Green payments can gen-
erate environmental benefits and support farmers’ income. We extend a standard adverse
selection model by incorporating dual policy goals into the design of green payments: con-
servation and income support. We also introduce heterogeneity into conservation efficiency
type. The results of our dual-goal model and the standard adverse selection model are sig-
nificantly different. The differences arise from two aspects. First, since farmers may receive
green payments for conservation, or income support, or both, the incentive structure in the
standard adverse selection model can be significantly altered. Second, information rent is
no longer just a cost to induce truthful revelation, it also acts as income support if it goes
to farmers whose income support is valued by policymakers. These two differences have
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Green Payments and Dual Policy Goals

Abstract

This paper analyzes the efficient design of green payments. Green payments
can generate environmental benefits and support farmers’ income. We extend
a standard adverse selection model by incorporating dual policy goals into the
design of green payments: conservation and income support. We also intro-
duce heterogeneity into conservation efficiency type. The results of our dual-goal
model and the standard adverse selection model are significantly different. The
differences arise from two aspects. First, since farmers may receive green pay-
ments for conservation, or income support, or both, the incentive structure in
the standard adverse selection model can be significantly altered. Second, in-
formation rent is no longer just a cost to induce truthful revelation, it also acts
as income support if it goes to farmers whose income support is valued by pol-
icymakers. These two differences have important implications for the design of

green payments.

Introduction

Green payments are payments a government provides to farmers for voluntarily maintaining
or adopting conservation practices that enhance the environment, natural resources and/or
wildlife habitat. Asshown by the recent debate over the 2002 farm bill, originally referred to
as Conservation Security Act in the U.S. senate, green payments have moved to the center
stage of agri-environmental policies. There are two basic reasons for this interest.

First, green payments provide a foundation for farm support by society at large. Since
fiscal year 1998, congress has passed a series of ad hoc emergency relief bills to boost farm
income worth near $30 billion (Mercier). If agriculture is to continue to receive the direct
payments it has been receiving in recent years, many analysts believe more substantial
justification will be needed (Babcock, Claassen et al).

Second, green payments can address agri-environmental problems that have not been
adequately addressed. The Conservation Reserve Program (CRP) and the Wetland Reserve

Program (WRP) provide conservation services by taking land out of production. There



is also strong demand for conservation on land in production, as evidenced by Veneman.
Cost-share programs, such as Environmental Quality Incentive Program (EQIP) and the
Wildlife Habitat Tncentives Program, pay farmers for environment-friendly farming prac-
tices. However, when the cost share is less than 100 percent, farmers have no incentive to
participate unless the targeted practices also provide private benefits. Green payments, such
as the conservation security program initiated in the 2002 farm bill, cover comprehensive
practices and are also more generous, and thus are better positioned to meet conservation
needs for land both in and out of production.

Wu and Babcock (1995, 1996) adopt the mechanism design framework to analyze green
payment contracts when conservation efficiency is not known. Smith also uses a similar
framework to analyze the least-cost land retirement mechanism. The main common features
of these models are that, (1) there is adverse selection because the principal does not know
the value of one parameter of the agents’ true characteristics; and (2) the principal can
commit herself to decision rules which are admissible on informational grounds. Guesnerie
and Laffont provide a complete solution to this class of principal-agent problems, which we
will refer to as the standard adverse selection (AS) models. For other examples of application
in agricultural and/or environmental contexts, see Bourgeon and Chambers, and Hueth.

A standard AS model for green payments can be described as follows. Policymakers
(the principal), given available funds, intend to obtain maximal conservation services from
farmers (the agents) at the least cost. However, policymakers do not know the conservation
efficiency of an individual farmer, although they know its distribution among farmers. Tf
we model conservation efficiency as having one of two outcomes, high or low, then the well
known prediction is that the optimal condition for conservation by the high efficiency type
is the same as in the complete information case. However, for the low efficiency type the
optimal condition is different, which may require this type to provide conservation service
at less than the first-best level.

The difference arises because, if the compensation to each type just equals its conserva-
tion cost, i.e., each type’s net gain is zero, then the high efficiency type can earn a positive
profit by pretending to be the other type. To induce truthful revelation, as implied by the

revelation principle?, a “bribe”, information rent, has to be paid to the high efficiency type

2The revelation principle basically says that any mechanism is isomorphic to a revelation mechanism, by



which is equal to the amount it would obtain by pretending to be the other type. When
setting the optimal conservation for the low efficiency type, we have to recognize that for
each additional unit of conservation by this type, there is some informational cost. For later
reference, we call this effect the “cost effect” of information rent.

In a standard AS model, it is assumed that policymakers do not care about farmers’
income. In this paper, the simple mechanism design framework is broadened to represent
the more realistic situation where policymakers care about income support as well as conser-
vation. This is a critical feature for policy analysis that has not been addressed in previous
work. We refer to this model as dual-goal model. Formally, benefits from both conservation
and income support enter policymakers’ objective function in the dual-goal model. Further,
we assume that the government is only concerned with the net farm income of relatively
small family farms. We also explicitly introduce heterogeneity into each conservation type.
That is, there may be both small and large farmers within each conservation type. We ana-
lyze the situation where 1) conservation efficiency is not observable (just as in standard AS
models) and, 2) policies cannot (or do not) target farm size, as in Bourgeon and Chambers.

Tt is interesting and policy relevant to study these two kinds of incomplete information.
Past studies (Chambers, Bourgeon and Chambers, and Hueth) suggest that policymakers
may not be able to explicitly discriminate between small and large farmers, even though
farm size can be observed. Instead, they have to explicitly treat all farmers the same.
Although some policies limit government payments to large farms, they are often modified
or contain loopholes under the political influence of large farms. For example, in the 1996
farm bill, Confined Animal Feeding Operations with over 1000 animal units were not eligible
for EQTP. However, this size limitation is removed in the 2002 farm bill. Payment caps are
a way to target more payments to small farmers, given total funding. The payment limit
on EQTP is dramatically increased in the 2002 farm bill relative to the previous farm bill.

While policymakers may know the proportion of farmers with high (or low) conserva-
tion efficiency, they in general do not know a specific farmer’s conservation efficiency. For

example, how the adoption of conservation tillage affects a farmer’s profit depends on many

which the principal elicits truthful answers about the unknown parameter of the agents. This is a well known
result in the literature. For more discussions on the revelation principle, see Myerson and Dasgupta, Hammond,

and Maskin.



factors: natural resource endowments of the field, weather conditions, the farmer’s years
of experience and days of off-farm work, the equipment the farmer already has, etc. Tt
is unlikely that policymakers will have information on all these specifics of a farm. Even
though a farmer’s conservation efficiency is known, it cannot always be used as a basis for
payments. For example, the 2002 farm bill stipulates: “If the Secretary determines that
the environmental values of 2 or more applications for cost-share payments or incentive
payments are comparable, the Secretary shall not assign a higher priority to the application
only because it would present the least cost to the program established under the program.”
(the U.S. Congress)

These two kinds of information incompleteness also make comparison meaningful and
interesting. AS models apply to situations where incomplete information exists. However,
if we only assume that conservation inefficiency is not contractible but farm size is, then
standard AS models can be applied to each farm size and no complication would arise.
As we will show later, the optimal design of green payments in the dual-goal model may
differs significantly from that in a standard AS model. Given that income support is likely
to be a goal, either implicit or explicit, of green payments programs, our extension of
standard AS models is a significant contribution to the formal analysis of green payments
and the application of AS models in general. For example, the dual-goal model provides one
explanation why the 2002 farm bill removed language in the 1996 farm bill that required
selection and evaluation be based on maximizing environmental benefit per dollar expended.

The rest of this paper is organized as follows. We lay out the basic elements of the model
in the next section. In addition, we briefly present a standard adverse selection model in
the setting of green payments. Tn the third section, we examine green payments with dual
policy goals. Specifically, we solve a dual-goal model, investigate the cost effect and income
effect of information rent, and compare the results of the dual-goal model with those of
the standard adverse selection model. A discussion in the context of the U.S. agriculture is

provided at the end of the section. Section 4 concludes.



Model Setup

Farmers produce two types of goods: a market good ¢ and conservation e. The market good
generates revenue pq, where p is the market price of g. There is no market for conservation.
Tt is costly to provide a positive level of e, so e equals zero in the absence of any external
incentives.

Farmers are characterized by two variables: farm size ¢ and conservation efficiency 8. For
simplicity, we assume ¢ and 6 have two levels: ¢ € ® = {¢;,¢5} and § € © = {6,,,0,} . We
denote their joint and marginal distributions as Pj;, P;, and P;, respectively, where ¢; x0; €
P x ©. The two variables may be correlated and the correlation is indicated by P, P, — PsP;.
For example, positive correlation may occur if large farmers are able to adopt conservation
practices more efficiently because they have more efficient management. Negative correlation
may occur if small farmers can provide conservation services at a relatively low cost because
their land is very environmentally sensitive.

Denote the cost function of providing e and ¢ as ¢(q,e; ¢,8), and assume a higher 0 is
associated with lower total and marginal costs for a given level of e and ¢, i.e., co(-) < O,
ceo(-) < 0. Let m(e;9,0) = max {pq— c(q,e;¢,0)} be a farmer’s profit given that she
provides e. When no conservation services are provided, farmers of the same size are assumed
to have the same cost, then we have 7(0;¢,6;) = 7(0;¢,03). For income support to be
relevant, we assume there is a target income ¢ deemed desirable for a farmer by policymakers,
with 7(0; ¢g,0) < g, and 7(0; ¢;,,6) > ¢, where 6 € ©. Thus, small farmers do not achieve
the target income even with zero conservation services, while large farmers do.

Policymakers intend to make payments to farmers as incentives for conservation and
as a way of supporting farmers whose status quo income is below . We refer to such
payments as green payments and denote them as g(¢,8). The benefit policymakers derive

from supporting small farmers’ income are represented as w(y), with

w(y), ify <y,
ay={ "= M

0, ify>y,

where y is a farmer’s income which is the sum of profits and green payments, i.e., y =
7(e; 0,0) + g(¢,0); w is concave with w, > 0, wy, <0 and w, (¥) = 0. Thus, policymakers

only derive benefit from supporting small farmers. The closer a farmer’s income is to the



target income, the less marginal benefit policymakers derive from supporting her. Once a
farmer’s income exceeds the target income, policymakers will not want to support her any
more.>

The social benefit of conservation is denoted as v(e) with v/ > 0, v/ < 0. Funds
for green payments are usually financed with some sort of distortionary tax whose unit
deadweight loss we denote as A > 0*. In a green payments program, policymakers’ problem
is to choose the optimal conservation and green payments to maximize the sum of farmers’
profit, environmental benefit, and the benefit from income support, minus the social cost of
funding green payments.

The main objective of this paper is to investigate whether and how the results of standard
adverse selection models will be modified and the policy implications of such modifications
when we incorporate more information on agents into the model and dual goals are asso-
ciated with green payments. Thus, we will model a green payments program as a truthful
direct revelation mechanism, just as in standard adverse selection models. In such a mecha-
nism, the government offers farmers a menu of conservation levels and green payments and
farmers can pick any one choice from the menu. This way of modelling enables researchers
to focus on the outcome of policies, instead of specifics about policy design. For compar-
ison purposes, we beginning by briefly presenting the major results of a standard adverse

selection model. For more details see Guesnerie and Laffont, and Bourgeon and Chambers.

A Standard Adverse Selection Model

Suppose, we characterize farmers by their conservation efficiency (), which is not con-
tractible, and disregard for now farm size (¢) and income support w(-). Then, the policy-

makers’ problem is to choose a menu of conservation and green payments, [e(8), ¢(9)], to

3For examples of studies where policymakers attach different weight to the welfare of different farmers, see
Chambers. A more general form of w(y) may require w(y) < 0, for y greater than a threshold levle. That is,

very large farms are considered undesirable to the society.

4 An alternative explanation for X is that it is the multiplier of policymakers’ budget constraint.



maximize net social surplus subject to certain constraints, i.e.,

max 3 _; [(e(6;)) +  (e(0;);0;) — Ag(0;)] 1 (2a)
s.t. m(e(0;);8;) + g(8;) > 7(0;6;), (2b)
m(e(0;);0;) +9(0;) = m(e(0;);0;) +9(6;/),  where 05, 05 € © (2¢)

The first set of constraints (2b), denoted as (7 R;), are the individual rationality constraints
for type 6;, which require voluntary participation. This is because it is in general politically
infeasible to require farmers to provide conservation without compensation due to long-
standing concern for farm income support. In fact, most agri-environmental programs
are voluntary mechanisms, for example, CRP, WRP, EQIP, and the conservation security
program in the 2002 farm bill. The second set of constraints (2c), denoted as (/C};), are the
incentive compatibility constraints: revealing her true type gives a farmer a higher income
than pretending to be the other type. The set of equations in (2) describes a standard
adverse selection model.

We briefly solve the above model in two stages, as in Bourgeon and Chambers. Tn the
first stage, the optimal green payments are obtained for given conservation services, and in
the second stage the optimal conservation services are determined. The two-stage version

of (2) is as follows,

max 37 [v(e(b;)) + 7 (e(0;); 0;)] Py + 27 (e(61), (01)) 3)

where 2* (-) = max {Z(-): (2b) and (2¢)},
and Z(-) = Zj [—Ag(0;)P;].

All constraints are depicted in Figure 1 except (IRj) which will be satisfied if (TR;)
and (IC},) are satisfied. The green payments that satisfy (IC}) are along the line 1C;, and
the area above it and those satisfying (IC;) are along the line IC; and the area below it.
1C; and 1Cj, have a slope equal to 1 and intercepts as indicated. The relative position of
1C; and 1C}, is determined by the condition: e (8) > e(6;), which is well known in the
literature and can be easily derived from (2b) and (2c). So, the feasible green payments
fall within the shaded area. Tn the figure, Z(-) is a negatively sloped line with slope equal
to <_P£}i) , and intercept equal to <_A_1Z;h) . Then the lowest point in the shaded area is

the unique feasible green payments maximizing Z(-). This implies that constraints (IR;) and



») bind. From the binding constraints, we derive the optimal green payments, ¢*(8;;¢),
1Cy) bind. F the bindi traint derive th timal ts, §*(6;

for any given e (05) > e(6;),

G (0n;8) =7(0;04) — T (€(04);01) + T(E(6)), (4a)
g*(@l;é) :W(O; 01) —7T(é (01);01), (4b)
where () =7 (e;05) — 7 (e;6;). (4c)

7 (e), known as the information rent, is the amount of extra payment the high efficiency
type can get for providing conservation services e if it pretends to be the low efficiency type.
Since g = —cg > 0 and 7Tep = —Ceg > 0; then 7(e) > 0 and I.(e) > 0. Thus, from (4), to
prevent misrepresentation, the high efficiency type’s green payments include not only their
lost profit in providing conservation services but also an information rent, while the green
payments for the low efficiency type just equals their lost profit.

Plugging ¢*(0;; €) into (3), we then obtain the optimal conditions for e (subscripts indi-

cate derivatives):

V(€ (0n)) = —(1 + N)me (€7(0n); 01) (5a)

e(€7(01)) = —(1 4+ N)me (€7(6:); 00) + Mo (& (0,)) 2. (5b)

As is well known, for the high efficiency type, the optimal condition is the same as that
of the complete information case: the marginal benefit of conservation equals the marginal
cost of conservation which includes the lost profit and the cost of raising funds for green
payments. For the low efficiency type, the marginal information rent cost is added to the
marginal cost side: for any amount of conservation services by the low efficiency type, a
payment has to be paid to the high efficiency type for it to truthfully reveal itself.

The AS model serves as the base case for analyzing the more realistic situation where

two goals, conservation and income support, are associated with green payments.

An Adverse Selection Model with Dual Goals

When policymakers intend to use green payments to obtain conservation services from
farmers and to support only small farmers’ income, @ (-) is added to the objective function

and ideally conservation, e, and green payments, g, are functions of both farm size, ¢,



and conservation efficiency, 6. Then, the policymakers’ problem is modified from (2) to the

following,

max 32325 [v(e(d:,05)) +m(e(4,07)) + 0 (y(4,05)) — Ag(:.05)] Bj. (6a)
s.t. 7T(€(¢5i,9j); ¢i70j) +g(¢i70j) > W(O; ¢i70j)7 (Gb)

™ (e(¢i70j); ¢i70j) +g(¢i70j) 2> W(e(gsi’vej’); ¢i70j) +g(¢i’70j’)7 (GC)

where ¢;,¢, € @, 0;, 8;; € O. The first set of constraints, denoted as (TR;;), are the
individual rationality constraints for type (¢;,6;). The second set of constraints, denoted
as (1C;;), are the incentive compatibility constraints. These constraints are very similar
to (2b)-(2¢). The only difference is that the former incorporate two parameters, and the
latter, one. There are 4 individual rationality constraints (one for each type) and 12 incentive
compatibility constraints—each type of farmers can choose to pretend to be one of the other
three types.

It is well known that multi-dimensional, including two-dimensional, adverse selection
models are very complicated to solve, there are only a few studies in the literature, see
Laffont, Maskin and Rochet, and Armstrong and Rochet. The latter examine a class of
two-dimensional screening problems, where each type parameter comes from a binary dis-
tribution, just as ¢ and 6 in this paper. Similar to Armstrong and Rochet, but in a less
stringent way, we make one assumption about farmers’ cost function:

Assumption 1: ¢4 (e,¢;0,6) = 0.

The assumption is that farm size and the marginal cost of conservation are additively
separable in the cost function, that is, ¢ (e, q; ¢,8) = f (e, ¢;0) + h(q; ¢,0) . The assumption
is innocuous for the following reasons. First, the notion that large farmers may be more
conservation efficient or otherwise is captured by the correlation between ¢ and . Second,
we can always define 6 in such a way that it ranks farmers’ marginal cost of conservation
regardless of the value of ¢. Finally, the paper’s major contribution is not affected even if this
assumption does not generalize: we show one way to extend the standard adverse selection
model, which has important implication in the design of policies like green payments.

With this assumption, we derive the following lemma,

Lemma 1 Under Assumption 1, the policy menu is in effect [e () , g (0)], instead of [e(,0), g(®,0)].
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A proof is given in the appendix. With Lemma 1, we can rewrite problem (6) as,

i 5, [0(e(t)) + 7 (0)07) +0 (0(09.0,) B =0 | (7
s.t. 7 (e(05); 9i,05) + 9(0;) = 7(0;0;,05), (7b)
7 (e(05); 0i,05) + 9(0;) = 7 (e(050); ¢4, 05) + 9(8), (7¢)

where ¢; € @, 0;, 0; € ©, and 7 (e(8;);0;) = >, %W(e(ﬁj);qﬁi,ﬁj) , which is the average
income of farmers with conservation efficiency 8;.

Because of the heterogeneity introduced within each conservation type, there are one
individual rationality constraints and two incentive compatibility constraints for each con-
servation type. However, with Assumption 1, the constraints for farmers with the same con-
servation efficiency either both hold or both do not hold. That is, for ¢;, ¢, € ¢, and §; € O,
if (TR;;) holds, then (TR;/;) must also hold. Likewise, if (IC;;) holds, then (IC;/;) must also
hold. This is because from 7ge = —cge = 0, we know [ (e(0;),¢;,,0) — 7 (e(b;), ¢r,0)] —
(7 (€(6;), 05,0) — 7 (e(031),65,0)] = [27 [ ((0),6,6) — s (e(0),,0)] d = 0. Henee-
forth, we will refer to the individual rationality constraints simply as (IR;) or (IR;), and
the incentive compatibility constraints simply as (ICy) or (IC;). Just as in the standard AS
model, we can derive e (6;) > e (6;) from (7b) and (7c¢). And, similar to Figure 1, we can
depict the feasible set determined by (7b) and (7¢) by the shaded area in Figure 2.

We again solve (7) as a two-stage problem,

max 3 [v(e(6;)) + 7 (e(0); 0;)] Py + 27 (e(61), (0r)) (8a)
where 2* (-) = max {z(-): (7b) and (7c)}, (8b)
and 2 (1) = > [w(y(os,05)) Psj — Ag(0;) P;]. (8c)

That is, the optimal green payments are first obtained for given conservation services and

then the optimal conservation services are determined.

First stage maximization
From (8), the first stage problem is,
max 2 () =3, {w(r(e(0;); ¢5,0;) + 9(0;)] Psj = Ag(6;)F;} (9)

s.t. (7b) and (7c).
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With w(-) as a component of 2(-), how the value of z(-) changes with green payments is
more complicated than in the standard adverse selection model. As a reference point, we
derive the green payments, ¢°(e) = [go Onse), ¢°(0s; e)] , which maximize 2(-) subject to no

constraint. That is, ¢° (€) is derived from the following conditions®:
0 Psy 0 Ps
w, [w(e(@h);ésﬁh) +g (Hh;e)] 7. = w, [w(e(@l);gbsﬁl) +g°(05; e)] ) =X, (10)

where |, referred to as , is the optimal solution to the unconstrained first stage maximization.
Condition (10) indicates that ¢°(e) should be such that the marginal benefit of income sup-
port is equal to the marginal cost of transfer and is equal for farmers of different conservation
efficiency.

Depending on how g(e) deviates from ¢°(e), we can infer how the value of 2(-) changes
with g(e) and thus find the optimal green payments in the feasible set. As shown in Figure
2(a)-2(c), there are three possible cases: ¢°(e) is below, in, or above the feasible set. Since
the rest of our analysis is going to hinge on the position of go(e), we discuss it in more

details here.

The position of ¢°(e)

It turns out that the overlap of small farms and those with high (or low) conservation
efficiency is an important factor that determines the position of ¢°(e). More specifically,
where ¢° (e) locates depends on the relative magnitudes of the proportion of small farms
among those with high conservation efficiency and the proportion of small farms among
those with low conservation efficiency. We will discuss more about the magnitudes of these
two proportions in the context of the U.S. agriculture at the end of this section.

1f PP—S: < PTSZZ, then from (10) and by the concavity of w(-), we have
m(e(01); b5, 0n) + 6° (Ons €) < 7(e(01); b5, 00) + ¢° (015 ). (1)
Given that mp(-) > 0, we have,

T(e(0n); 5.01) +°(Onse) < w(e(0)); bs.0n) + g° (01 €), (12a)

m(e(0); 65,00) +¢°(05€) > 7(e(0n); b, 01) + ¢°(Ons ) (12b)

®Throughout this paper, all solutions are interior solutions and all subscripts to functions are derivatives.
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1f green payments are at g° (e), then (12) indicates that type 0}, is better off by misrepresent-
ing itself, while type 8; is better off by truthfully revealing itself. The intuition for this is as
follows. When there are relatively more small farmers among those with low conservation
efficiency, i.e., J—;ih < J—;FZ-L, g°(0;; €) is relatively high because income support for type 8; is
relatively more efficient. Such ¢°(f;; €) creates incentives for type 6}, to misrepresent itself
as type 0,. Thus, (IC;) is satisfied but (ICj) is not, i.e., g°(e) is below the feasible set, as
shown by dot ¢° in Figure 2(a).

1f %ih > l—j,esli, then
m(e(0n); d5,0n) + ¢°(On; €) > w(e(0r); s, 00) + ¢° (615 €). (13)

Intuitively, when l—j,il‘ > %QZ*L, the income support for type 8, is relatively more efficient
and so ¢%(04;€) is high relative to ¢°(6;;¢) to provide more income support for type 6.
Depending on the magnitude of ¢°(0p;¢e) — ¢°(0;; €), we have two cases. If the difference is

very large, then the following is possible,

°(Onse) —g°(05e) > w(e(0r); ds,01) — 7(e(0n); D5, 01)

> 7(e(0h); ds,0:) — m(e(0n); D5, 0n)- (14)

That is, type 6, gains by taking [go(ﬁh; e), e(@h)] , because its gain from green payments
(the first difference) more than offsets its profit loss (the second difference). So (IC;) will
not be satisfied while (TC},) will, which implies that ¢°(e) is above the feasible set, as shown
by dot ¢° in Figure 2(c). Of course, when ¢°(#; €) is not so high relative to ¢°(0;;e), it may
happen that (13) holds but not (14). That is, neither type will have incentive to pretend to

be the other type and ¢° (e) will lie in the feasible set, as shown by dot ¢° in Figure 2(b).

The optimal green payments for any given conservation level

Using ¢°(e) as a reference point, we can find the optimal green payments g*(e). Before
presenting the solution to the first stage problem, we introduce some notation. We first
define t(0;) as the net payments to farmers of type 6;, i.e., payments over and above the

79

decline in profit from conservation, or,

10;) = g(0;) — [7(0;0,0;) — 7 (e(0;);6,05)], where p € P, 0; €O.
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Similar to the use of go(e)7 we define the optimal net payments and optimal green payments
to both types for a given e as t*(e) = [t*(0n;€),1*(0;; €)], and g*(e) = [¢g*(On; €), g™ (0;; €)],
respectively.

We next define information rent in our dual-goal setting as,

I(e) =7 (e;9,0n) — 7 (e;50,0;).

Thus, from (4c), 7(e) is very similar to 7 (e), except that here information rent is for a given
farm size. Just as in the standard AS model, 7(e) > 0 and 7.(e) > 0.

The solutions to the first stage problem are presented in the following proposition,

Proposition 1 For any given e (04) > €(0,), if ¢°(e) is in the feasible set, then g*(e) =

d°(e). If ¢°(e) is below the feasible set, then for t*(e) > 0,

g (Onse) =7(0;0,0,) — 7 (e(01);0,0n) +T(e(6:)) +1" (05 €), (15a)

g (0;;¢) = (0;0,0,) — (e (8));0,0;) +t"(0;;¢). (15b)
If ¢°(e) is above the feasible set, then for t*(e) > 0,

g (0n;¢) = 7(0;0,01) — 7 (e;0,0n) +17(0h;€). (16a)

g (0;;¢) = 7(0;0,0,) — (e (8));0,0;) — (e (0n)) +1%(0n;¢), (16Db)

Moreover, the following holds both when gO(e) is below and above the feasible set,

A= {wg [7(e(0n); 5,0n) + g" (On; €)) T2 + wy [1(e(61); 05, 01) + g* (Bis )] %Zl} Ps. (17)

A proof is given in the appendix. The intuition for Proposition 1 is as follows. When
¢°(e) is in the feasible set, the incentive constraints of both types are satisfied. Therefore, the
constrained maximization is in effect the unconstrained maximization, and so g*(e) = ¢°(e).

For the case where go(e) is below the feasible set, equation (15b), which is basically a
rewrite of the definition of net payments, says that the optimal green payments for the low
efficiency type equal its lost profits plus net payments. From (15a), the optimal green pay-
ments for the high efficiency type have three parts: lost profits, 7(0; ¢,0,)—7 (e (01) ; ¢, 01) ,
net payments received by the low efficiency type, t*(0;; €), and the information rent, 7(e (6;)).
The information rent exists because the incentive constraint for the high efficiency type is

not satisfied. Tn order to induce this type to reveal itself truthfully, it has to get paid an
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extra amount equal to the amount it would get if it pretends to be the other type—the
information rent.

Similarly, we can derive (16), which differs from (15) because, when ¢°(e) is above the
feasible set, it is for the low efficiency type that the incentive constraint is not satisfied.
For this type to tell the truth, its green payments can not be less than those of the high
efficiency type minus information rent, which is the amount of profits the low efficiency type
would lose if it misrepresents itself.

Equation (17) requires that, at the optimal green payments, the marginal cost of in-
come support (A) equals the expected marginal benefit from income support. The term
in braces is the expectation conditional on small farmers. Multiplying this by Pg gives us
the unconditional expected marginal benefit from income support. Expectations are taken
because green payments cannot be directed at a specific group of farmers due to incomplete
information.

Combining (15) and (17), we can solve g*(e) and ¢*(e) for the case where ¢°(e) is below
the feasible set. Combining (16) and (17), we can solve g*(e) and t*(e) for the case where

¢°(e) is above the feasible set.

Second Stage Maximization

After obtaining the optimal green payments for any given conservation level, we derive the
optimal conservation levels. We present the solution to the second stage problem, (8a), in
Proposition 2, with its proof given in the appendix. Just as the first stage, we also have

three cases here:
Proposition 2 If ¢°(e) is in the feasible set, then

ve(€'(0n)) = —(1+XNme (e’ (0n);6,0n), (18a)

ve(e*(01)) = —(1+N)me(e"(01);6,0;). (18b)
If ¢°(e) is below the feasible set, then,

ve(e"(0n)) = —(1 + N)me (€"(01); ¢, 0n) , (19a)

0ol (61)) = (1 4+ N (€7 (60):6.0) + [\ = B, (" (65,00))] Io(e”(0) B (19)
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If ¢°(e) is above the feasible set, then,

0el€” (00)) = =1+ N7 (€ (0):6,00) — [A = Bt (0" (6. 0)| 1e(e" @) F- (20)

0 (0)) = —(1 + e (¢ (00); 9,01). (21)

Tn the above equations v.(-) is the marginal benefits of conservation and —(14+ N7, (-) is
its marginal costs including farmers’ marginal profit loss, —m. (€*(04); ¢, 05) and the costs of
raising funds for green payments, —A7. (e*(6); ¢, 01) - Equations (18) indicate that, when
q° (e) is in the feasible set, the optimal conditions for conservation by both types are such
that the marginal cost and marginal benefit of conservation are equalized. This would be the
optimal condition when there is complete information. Given that no constraint is binding
in this case, it is not surprising that we obtain this result.®

When ¢° (e) is above or below the feasible set, only for one of the two conservation types
does the optimal condition remain the same as its counterpart in (18). For the other type,

an extra term is attached, which we will discuss in more detail below.

Cost effect and income effect of information rent

From proposition 1, when ¢° (e) is below the feasible set, we know the high efficiency type
derives information rent, 7(e(6;)) for any given e(6;). As e(6;) increases, this information rent
increases at rate T.(e(6;) > 0. Since the social cost, for every dollar of transfer is A\ dollars,
the social cost increases at Al.(e(8;)). We call A\T.(e(8;)) the cost effect of information
rent because it is the bribe that has to be paid to the high efficiency type for its truthful
revelation. This effect is also present in the standard adverse selection model, see (5b).
However, this is not the only effect of information rent in our dual-goal model. As the
high efficiency type gets more information rent, its income increases. The desirability of this

income increase depends on the proportion of small farmers within the high efficiency type,

which is reflected by the term J;Shh . At one extreme, Pg; = 0, that is, there are no small
farmers within the high efficiency type, then increased income for the high efficiency type

serves no purpose. But, given that one of the objectives of green payments is to boost small

farmers’ income, as long as Pgj, > 0, there is some expected benefit from an income increase

Tn all cases, we also need to verify that e (65) > e(6:). If this condition is not satisfied, the solutions have

to be modified.
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for the high efficiency type. Specifically, as e(§;) increases, the social welfare from income
support will increase at rate %iiwg (y*(Pg,0n)) I (e*(0;)). We call this term the income effect
of information rent because information rent acts as an income support to small farmers.
Since the income effect and the cost effect tend to offset each other, they enter equation
(19b) with opposite signs.

The last term, % ,in (19b), which is also present in (5b), indicates the magnitude of the
net effect of information rent. When there are relatively more high conservation efficiency
farmers, i.e., % is high, more farmers will obtain information rent. And thus, information
rent will have a relatively larger effect.

A similar explanation applies to the case where ¢°(e) is above the feasible set. As
e(0p) increases, T(e(0p)) also increases. This makes it harder for the low efficiency type
to misrepresent itself, so their payments can be reduced at the rate, I.(e(63)). This in
turn implies that society can save costs of at rate Al.(e(8p,)), which is the cost effect of
information rent in this case. Similar to the previous case, the reduction of payments to
some farmers will affect the social benefit from income support if these farmers include small
farmers. This effect is captured by %;ng(y*(qS&01))16(6*(0h)), which is the income effect
of information rent in this case.

Comparing the results of the dual-goal model (7) with the results of the standard AS
model (2), we observe a couple of major points, which differ the dual-goal model from the
standard AS model. (i) In the dual-goal model, the incentive compatibility constraint could
be satisfied for both types, only for the high efficiency type, or only for the low efficiency
type, while in the standard AS model it is the incentive constraint for the high efficiency
type that is not satisfied. The difference, which is due to the payments intended for income
support, is shown by the difference between (4) and the equations in Proposition 1. Which
one of the three cases in the dual-goal model holds depends on the relative size of income
support, for each type. (#i) In the dual-goal model, information rent has both income effect
and cost effect, while in the standard AS model, it only has the cost effect. This difference is
reflected by the additional terms in (19b) and (20), as compared to (5b). (iii) In the dual-
goal model, the individual rationality constraint may no longer hold for either type, while in
the standard AS model it holds for the low efficiency type. This difference is illustrated by

Figure 1 and Figure 2. As long as there are some small farmers in each conservation type,
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policymakers will want to make some net transfer to both types, which implies non-binding

individual rationality constraints.

Discussions in the context of the U.S. agriculture and environment

In the United States, there is evidence that payments for conservation services act as in-
come support. In addition, policymakers not only want to support (small) farms with high
conservation efficiency but also those with low efficiency. For example, in the 1996 farm bill,
selection and evaluation of applications for EQIP were based on maximizing environmental
benefit per dollar expended. According to the new farm bill, as mentioned in the intro-
duction section, the Sectary of Agriculture must not discriminate against farmers which
are not cost-effective. The new bill also stipulates that “the Sectary shall not use competi-
tive bidding or any similar procedure” in entering into conservation security contracts with
farmers.

With incomplete information, we are usually in a second-best environment. However,
as shown by Proposition 2, in the dual-goal model the first-best conservation levels can be
achieved if ¢° (e) is in the feasible set. That is, when J—;ih > f—jgf but not by a large degree,
coupling payments for conservation and payments for income support can restore the first
best. If %ih < l—j,gsli is generally true, then the gain of coupling the two payments will be
limited. The exact sizes of J—nghh and J—Dpsli depend on the definition of small farms and the
environmental indicator(s).

According to the definition of Economic Research Services at the U. S. Department of
Agriculture, more than 90% of farms are small, i.e., with sales less than $250,000. However,
among these 40% are residential/lifestyle farms, i.e., small farms whose operators report a
major occupation other than farming. Suppose policymakers intend to support all other
small farms, then Ps = .50. A farm’s conservation efficiency may depend on which environ-
mental indicator(s) are considered. Below, we take wind erosion as one example. According

to Claassen et al, among those with high conservation efficiency”, about 40% are small

farms, i.e., J;Shh = .4, and among small farms, about 20% have high conservation efficiency,

"Here we assume that farms with high levels of erosion can more efficiently achieve environmental benefits, i.e.,
erosion reduction. Admittedly, this is not necessarily the case, but it gives us a general measure of conservation

efficiency, which would otherwise be hard to botain.
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ie., %SS@ = .2. Given these two ratios and Ps, we obtain J—;EZ-L =.53. Thus, J—;ih < %7 in the

context of soil erosion.

Conclusions

This paper contributes to the analysis of the design of green payments by capturing one
critical feature of green payments—income support—with a dual-goal adverse model. When
policymakers (the principal) intend to provide income support for some farmers (the agents),
the principal will not necessarily minimize the payments to the agents for any given level
of services provided by them. Instead, she prefers the net payments to some agents to be
greater than zero. This positive net payments will directly alter agents’ incentives to reveal
their true costs of providing the services. In addition, given that the principal cares about
some agents’ income, any factor that affects these agents’ income will affect the optimal
scheme the principal would like to employ to obtain services from the agents.

Although we discussed the dual-goal model in the context of green payments, we believe
it is applicable to any context where the principal cares about some agents’ income. One
example of such context is public finance. For projects such as the construction of an office
building equipped with advanced technology, a local government may have two goals: to
minimize the cost of a high-tech building and to create jobs for local people. Due to equal
employment as required by law, the local government cannot explicitly discriminate against
outsiders. Moreover, the local government may not have complete information as to whether
an outsider will do a better job at a lower cost either. Suppose a bidding scheme is to be

used, then the local government may have a problem similar to the dual-goal model in this

paper.
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Appendix

Proof of Lemma 1. Since Ty = ¢ep = 0, then we can write 7(e; ¢,0) as u(e; 0) +
v (¢,0) . We prove Lemma 1 by showing that a farmer’s choice of (e, g) is independent of ¢.
Each type chooses (e, g) to maximize its income, u(e;0) + v (¢, 0) + ¢, which is equivalent
to maximizing u (e; @) + g. This is because v (¢, ) is not affected by either e or g. Since
both type ¢; and type ¢g face the same maximand, u (e;8) + g, which does not have ¢ in
it, farmers of type ¢; or ¢4 can easily pretend to be the other type and no (e, g) can be

designed to tell them apart. m

Proof of Proposition 1. When ¢°(e) is in the feasible set, since no constraint is
binding, then the unconstrained solutions are also the constrained solutions to the first
stage problem. Thus, g*(e) = ¢°(e). Next we prove the proposition for the case when ¢°(e)

is not in the feasible set. By definition,
2= {wln(e(0;); 05,05) + 9(0;)] Psj — Ag(0;) P},
Totally differentiating both sides, and setting dz = 0, we get,
0 = [wy(y(9s,01)) Psi — AP dg(0:) + [wy(y (s, 0n)) Psn — APl dg(0h),

where® y(¢g,0;;€) = m(e(0;); ¢, 0;) + g(0;; €). Rearrange, then,

dg(Onie) _  wy(y(ds,01))Psi — AP
dg(01;e) wy(Y(bg,0n)) Psn — APy,

(22)

Differentiate ddg ((66’;’:)) with respect to dg(0;;e),

dg(bnie) _
d[g(65e)]*

_ weo¥((¢g,0136)) Psi[wy (y(d5,0n3€)) Psn— APn]—[wo (y(bs,0138)) Psi— AP wg g (y(¢g,0n3€)) Psn
[wg(y(dg,0n3€)) Psn—APn]?

(23)
Then, by the definition of ¢°(6;;¢€), we know
wy(y* (93,015 €)) Pst — AP, = wy(y° (65, 0n3 €)) Psh — APy = 0,

where yO(ng,Hj; e) =m(e(d;); dg,0;) + gO(Hj; e).

SWe write g(0;) and y(¢g, 0;) as g(0;; €) and y(¢g,0;; €) to emphasize that at the first stage, we are discussing

green payments for a given e.
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If ¢°(e) is below the feasible set, then the optimal green payments g*(e) lie to the

northwest of ¢°(e), since g*(e) must lie in the feasible set. That is’,
9 (Onse) > ¢°(Orse) and g™ (B;¢) < g°(Os ). (24)

From (22), (23) and by the concavity of w(-), we know for any green payments to the

northwest of ¢°(e),

dg(On;e) d%g(Onse)
dg(8;; ) >0, and - gpGee <0

i.e., the isoquant of 2(-) is concave to the northwest of ¢°(e), as shown in Figure 2(a). As
green payments move further away from ¢°(e) in the northwest direction, the value of z(-)
decreases due to the concavity of w(-). Moving in the north direction, type 85 would get
excessive payments, and the benefit gain from increased income support is less than the
cost increase through transfer. Similarly, moving in the west direction, type 8; would get
too little transfer, the lost benefit outweighs the saved transfer.

We then conclude constraint (ICy,) binds but not (ICy4 ). As we mentioned in the
paper, (15b) is just a rewrite of the definition of ¢*(6;;€). Let (IC4y) bind, substitute (15b)
for g*(0;; €), and rearrange using the definition of 7(-), then we obtain (15a).

For the case where ¢° (e) is above the feasible set, the proof is similar. m

Proof of Proposition 2. When ¢°(e) is in the feasible set, no constraint binds.
Then, by differentiating the objective function in (7a) with respect to e and ¢ and then
rearranging, we get (18). Next we prove the proposition for the case when gO(e) is below
the feasible set.

Rewriting (8a), we have,

max 35 [v(e(b;)) + 7 (e(0;),0;)] Py + 27 (e(6:), (01))
=22 [w(e0;)) + 7 (e(0;),0,)] Py + >, [w (¥ (¢s.05)) Psj — Ag*(6;) F;]

=32 w(e0;) + 7 (e(0;),0)] Py + 5 {w [(e(0;); 65,05) + g7 (0;)] Psj — g™ (0;) P; }

*The following holds as strict inequality because of the concavity of w(-). For example, if g* (0n; €) > g°(0n;€)
but g*(0;;¢€) = g°(0:; €), then we can increase the value of z(-) by decreasing both g*(0,;e) and g*(0;; €) a little.
By the concavity of w(-), the reduction of z(-) through the decrease of g*(8:;€) will be offset by the increase of

z(-) through the decrease of ¢*(6x;e). In addition, total green payments are reduced.
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Plugging in ¢*(;) from (15),

max Y, [0(e(6;)) + 7 (e(6;),0,)] 5 +w [7(0; 65,0) +1* (8130)] Py
—A[7(0:,00) — 7 (e (6):6,00) + 1 (Br; )] P

+w[m(0; 65, 01) + 1(e (6) + " (61:0)] Py

— A [7(056,04) — 7 (€ (04) 5 6, 00) + I(e (01)) + " (053 €)] Py (25)

Only e(6;), not e (8h), enters t*(;; ) because (17) can be rewritten as,

A= {wg [7(0; 65, 0n) + T(e (01)) + 7 (015 )] 32 + wy [7(0; 05, 01) + " (013 €)] %}Ps-

(26)
Thus, setting the derivative of (25) with respect to e (6;,) to zero, we obtain (19a).
The derivative with respect to e (6;) is more complicated,
W) = —( 4N (€ 050,00 + [N By (07 (05.00)] T @) 5
=t (015 €) [wy (Y™ (95:0n)) Psn + wy(y* (¢5,01)) Psi — A] (27)

The last term on the right describes the effect of changes in net payment ¢*(6;;e) when
¢; changes. The term in the last square brackets is the expected marginal benefit minus
marginal cost of income support, which is zero at the optimal by (17). So the last term on
the right drops out, and we get (19b).

For the case where ¢° (e) is above the feasible set, the proof is similar. m
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Figure 1. Theoptimal green paymentsfor given e(6,) = &)
—the standar d adver se selection model
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Figure 2. The optimal green paymentsfor given e(8,) =2 e(6,)
—the adver se selection model with dual goals
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