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Financing and the optimal provision of public expenditure

by decentralized agencies
by
Robin Boadway, Queen’s University, Kingston
Isao Horiba, Aoyama Gakuin University, Tokyo
Raghbendra Jha, Indira Gandhi Institute of Development Research, Bombay

1. Introduction

It has realized since Pigou (1947) that if public goods are financed by distortionary taxa-
tion, the marginal social cost of providing the public good will exceed the actual resource
cost by the marginal deadweight cost of taxation. Atkinson and Stern (1974) formally
derived public goods decision rules for an economy financing the public goods using lin-
ear taxes. Subsequent work by Browning (1978), Wildasin (1984) and Usher (1986) has
expanded our understanding of the way in which distortionary taxes influence the opti-
mal size of the public sector. As the survey by Auerbach (1987) reveals, the direction
of subsequent research on the marginal cost of public funds has been manifold, and has
admitted, among other things, more complicated production structures, the effects of pre-
existing taxes, risk, and imperfect information. Recent has analyzed the marginal cost
and marginal benefit of public funds when public goods are substitutes/complements to
private goods (Mikami (1993)), when equity is an objective of taxation (Wilson (1991),
when non-linear taxes are used to finance the public goods (Tuomala (1990), Boadway and
Keen (1993)), and during a process of tax reform (Schob (1994))

An implicit assumption in this literature has been that the government institution charged
with responsibility for taxation to finance the public good or service is the same as that
which actually provides it. This assumption is at variance with the facts in a large number
of cases. Typically, institutions that provide public goods and services to households are
lower-level agencies whose financing comes from the revenues collected at a higher level.
Welfare services are provided by local agencies, the care of children by day-care facilities,
education by schools, health services by hospitals and doctors, and so on. The funds for the
provision of such services come from the general revenues collected on behalf of a higher
level of government which then disburses revenues to the many agencies under its control.

Given that the services are typically provided free of charge or with only nominal user
fees, the usual disciplines of the market do not operate to ensure cost-effectiveness of the
services provided. Moreover, in the absence of markets for such services, the costs of
providing them are not readily observed. The higher level of government may not know
the financing required either because it does not know the cost conditions of the agency
providing the service, or because it cannot monitor the behavior of the agency to ensure
that the efficient amount of effort is being expended in providing the service. The absence
of full information on behalf of the government introduces the possibility of an additional
source of excess burden in financing the provision of public services by the agency, over and
above the standard excess burden arising from distortionary taxation. The government



must incur a cost to elicit the required information from the agency in order to determine.
how much funds need to be provided. This extra cost of obtaining information is well-
known from the mechanism design literature (e.g., Laffont and Tirole (1993)). In this paper
we investigate the way in which the decision rules for the provision of public goods and
services must be amended to account for the fact that the excess burden of financing them
includes both the distortions due to taxation and the costs of inducing truthful revelation
from the agencies supplying the public goods-and services.

The model we use to analyze this issue is a straightforward extension of the standard
principal-agent model that is typically used to analyze the regulation of private firms.?
From the perspective of this paper, the literature on economic regulation has, among
other things, been concerned with two crucial issues. First, it has tried to generalize
the Boiteux(1956) rules for optimal pricing by regulated firms in a number of directions.
Second, it has considered generalizations of the Baron-Myerson (1982) formulation where
the regulator has to set optimal pricing rules for a monopolist whose cost structure is
private information and is not observed by the regulator. The generalizations mainly
involve reformulating the relation between price and marginal cost for the regulated firm.
This literature has not so far concerned itself with the problem of production of public
goods and consequent implications for the optimal rate of tax and the marginal cost of
public funds, though in his careful survey of the regulation literature, Laffont (1994) has
suggested this as a further direction for research.

The essential difference between our model and the standard regulation one is that the
agency providing public goods and services is not a firm that sells its product on the
relevant market. Our agencies provide public services free of charge to households and
receive their financing from a central government. The agency receives a net surplus from
providing the service, where the net surplus is the difference between the grant it receives
from the government and the cost it incurs in providing the public service. It behaves so
as to make the net surplus it receives as high as possible. The central government finances
several agencies under its jurisdiction, each of which serves a given group of households.
It taxcs the households, using a simple linear distorting tax, and uses the proceeds to
provide grants to the agencies. The grants each agency receives are contingent on the level
of public services it provides. The government is interested in maximizing an objective
function that depends upon the utility received by the households served by the various
agencies in the economy. In our basic model, the government cannot observe the cost
structure of each agency, although it has aggregate information on the distribution of
costs across all agencies. It must choose its structure of grants to induce agencies to reveal
their cost-types. In later sections, we also allow agency effort to vary. The grant structure
then must not only induce truthful revelation; it must also induce optimal effort.

Other, more complex, ways of modeling the problem could be imagined. For example,
one might permit horizontal communication between agencies, the central government

There is a large literature on this. See, among others, Baron and Myerson (1982), Besanko
and Sappington (1987), Laffont and Tirole (1993), and Laffont (1994).
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being able to infer information about an agency’s costs from the signals sent out by other
agencies (referred to as yardstick competition and discussed by Laffont (1994)). Agencies
might be allowed to have an interest in the in the welfare of the households they serve.
Think of welfare case-workers deriving welfare recipients or teachers instructing students
as examples. Households could also be allowed to choose among agencies so as to maximize
their utilities, as in the literature on club goods or local public goods.? Such ‘voting with
their feet’ could be an additional mechanism for disciplining local agencies, as recognized
by Tiebout (1956). These extensions would involve more complicated modeling.

Recently,a series of papers have appeared in an area closely related to ours, grants from a
central government to several regional governments under conditions of asymmetric infor-
mation. The information involves incomes or preferences for local public goods of residents
of the different regions or local costs of providing public goods. Some examples include
the following. Cremer, Marchand, and Pestieau (1996) investigate the optimal structure of
federal-regional grants and the rules for public goods provision for a social welfare maximiz-
ing central government when it is unable to observe either regional incomes or preferences
for a local public good. Raff and Wilson (1995) investigate optimal redistributive tax
policy of the Stiglitz (1982) sort when local governments are better informed about the
abilities of their residents than is the federal government and when residents are mobile
between regions. Cornes and Silva (1996) analyze federal-local grant policy in a federation
when residents of different jurisdictions obtain differing levels of real income because of
differences in costs of providing local public goods. The federal government is interested
in redistributing to the jurisdiction with higher cost of production, which has the less well-
off residents. But it cannot observe perfectly observe the costs of production, nor can it
observe the effort level of the local jurisdiction. Lockwood (1996) analyzes the structure
of grants between a federal government and a regional government when the regions are
subject to shocks to their income, the cost of provision of public goods, and preferences..
The shocks are private information to the region, and the role of the grants is to ensure
the regions, which are risk-averse, against adverse shocks. The model is unique in that
decision making by both the federal and regional governments is determined by majority
voting rather than by a benevolent government. All of these papers use a version of the
principal-agent approach to study the structure of grants between a federal government
and a local government when the local government is better informed about some relevant
features of the local economy, be it incomes, cost conditions, or preferences. Whereas the
focus in this literature is on the relationship between a federal government and local or re-
gional governments, each of which has independent fiscal authority, our analysis considers
the relationship between a government and the various agencies under its control whose
only responsibility is to supply public goods or services to the households of the economy.

The paper proceeds as follows. In section 2, the features of the basic model used are
outlined. Sections 3 and 4 use the basic model to derive the optimal grant structure
and decision rules for the provision of public services by the agencies under two sets of

Useful surveys of club goods may be found in Oakland (1987) and of local public goods in
Bewley (1981) and Wildasin (1986). They do not consider asymmetric information.
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informational assumptions. In section 3, full information by the government is assumed. In
contrast, section 4 considers how these rules change when the government cannot observe
the cost conditions of each agency. In sections 5 and 6, the analysis is extended to allow
for a choice of unobservable effort by the agencies. In section 5, effort is assumed to affect
the probability of a given agency being high- or low-cost, while in section 6, agency effort
affects its marginal cost. Section 7 concludes.

2. The Basic Model

In this section, we outline the model used to analyze the problem faced by a central
government that does not know the cost characteristics of an agency supplying a public
service. We proceed by describing household behavior, then the choices available to the
local agency, and finally the central government’s problem.

Household Behavior

Our analysis will involve the provision of a public service by agencies, each serving a given
number of identical households. It will suffice to conduct the analysis in terms of the
representative household served by a given agency. Consider a household facing a given
set of policies implemented by the central government and by the agency responsible for
providing the public service to this household.> As we shall see, the policies actually
implemented by a given agency depend upon the cost function of the agency, and that is
private information to the agency. Thus, er ante, there will be some uncertainty about
the policy parameters and the utility achieved by the representative household. We defer
reference to the alternative states of the world until presenting the local agency’s behavior.

The representative consumer has the following quasi-linear utility function:
U(L,X,G) =u(L)+ X + b(G) (1)

where L is labor, X is a private consumption good, G is the public service supplied by the
agency, and both u(L) and b(G) are increasing and strictly concave. This is obviously a
special form of utility function which has both additive separability and a constant marginal
utility of consumption (and hence risk neutrality in the private good). It simplifies our
presentation and brings out the intuition of the analysis most clearly. The consumer takes
G as given and maximizes the utility function U(-) with respect to L and X subject to
the budget constraint X = (w — t)L, where w is the wage rate and ¢ the tax rate on labor
supplied, assumed to be a per unit tax on labor for simplicity.

We proceed as if the public service provided were purely private in nature. However, it is
clear that it could easily be interpreted as being purely public, or more generally impurely
public (congested) without affecting the basic results. In referring to a publicly provided
private commodity as a public service, we are following the convention adopted by Bewley
(1981).



The problem of the consumer can be written:

max u(L) + (w —t)L + b(G) (2)

The solution to this problem yields the labor supply function:
L=L(w-1) (3)

Because of the additive separability of the utility function, labor supply L does not depend
upon the amount of the public service available, G. It is straightforward to show by
differentiation of the first-order conditions for the consumer’s problem that:

L(w—t)= -ﬁL) >0 (4)

Substituting (3) into (1), we obtain the household’s indirect utility function:
v(w—1,G) = u(L(w —t)) + (w —t)L(w — t) + b(G) (5)
Application of the Envelope Theorem yields:

dv()
ot

=—L(w—t); %’(?') = V'(G) (6)

The first of these is simply Roy’s Theorem in this context. (Since utility is linear in the
private good, the marginal utility of income is unity.) The second gives the marginal
benefit of the public service to the household in terms of private consumption.

It is useful for analytical purposes to rewrite the household’s indirect utility function in
terms of total tax paid rather than the tax rate. Tax payments by the household are
denoted R. They are determined by:

R =tL(w —t) = R(t)
Inverting this, we obtain ¢(R) = R~(t) where, by differentiation, ¢(R) satisfies:

NP — 1
t(R) = L(w ~t) — tL'(w — t) "

We assume that L{w —t) — tL'(w — t) > 0, which is equivalent to assuming that tax
payments are increasing in the tax rate so that we are on the left-hand side of the Laffer
curve. Therefore, t/(R) > 0: the government has to increase the tax rate to obtain more
funds to transfer to the agency. Household indirect utility in terms of tax payments R and
public services G is defined as:

V(R,G) =v(w—-t(R),G) (8)
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where

_ov(),, _ -L
Va=—t(R) = —= <0 (9)
and
Vo = 6;2) =V(G)>0 (10)

For future purposes, it is useful to investigate the sign of Vgg. Differentiating (9) with
respect to R yields, after some manipulation:

—LL' —tL'L’' +tL"
Vrr = —t'(R) = t'(R
Given that L’ > 0 and ¢’ > 0, this is ambiguous in sign. But, if L"” < 0 or if tL"” is small
enough in absolute value, then Vpr < 0. It will certainly be true for low values of ¢ and
thus R. In subsequent analysis, we shall assume that Vg < 0 for illustrative purposes.

Writing the household indirect utility function in terms of R and G is useful since it allows
us to treat these variables as government controls. The marginal rate of substitution of G
for R is obtained by differentiating (8) holding utility constant to give:

dR Vo  (L—tL')

Vv

where 7 is the elasticity of labor supply with respect to the tax rate. Thus, indifference
curves in (R, G) space have a positive slope. Furthermore, to avoid corner solutions, we
assume that b"(G) is sufficiently negative such that indifference curves show diminishing
marginal rate of substitution of G for R, or, d(dR/dG)/dG|, < 0. Note that if 7 is
constant, a special case we shall sometimes use for expository purposes, indifference curves
will be vertically parallel.

Behavior of a Local Agency

The public service is produced by agencies whose costs are known to themselves, but
are unknown to the central government. Each agency serves a given set of households,
determined perhaps by location. The amount of the public service supplied by a given
agency is observable to all. The central government gives the agency a subsidy S related
to the amount of the public service provided G, and the public service is then supplied by
the agency free of cost to consumers. Effectively, the agency can choose the combination of
subsidy and public service to provide from a schedule of possible combinations announced
by the central government.

For simplicity, it is assumed that the agency can have two cost levels — high and low.
We use superscripts & and £ to denote these two states, which are randomly determined.
The agency of type i chooses the combination (.S, G) from the menu offered by the central
government that maximizes its profits defined as:

(S,G) = S — C(G)
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where C*(G) is the cost function of the agency, with ¢ = &, £. The cost function of agency
1 is assumed to be increasing and convex, so Ci'(G) > 0, Ci"(G) > 0. Furthermore, at any
given output level G, C*(G) > C*(G), that is, the cost of producing any given amount
of the public service is greater for the high-cost agency. Finally, the cost functions have
the property that the high-cost agency has higher marginal costs than the low-cost agency
at any level of output, C*'(G) > C*(G), VG. This is the well-known single-crossing
property® It implies that any pair of iso-profit curves for the high-cost and low-cost
agencies drawn in (S, G)-space will intersect only once and those for the high-cost agency
will be steeper, since the slope of an iso-profit curve is simply the marginal cost:

as

il
Eln =C"(G)>0

Central Government Behavior

The central government provides financing to each of the agencies in the economy, some of
which are high-cost and others low-cost. It cannot observe the cost function of any given
agency, but knows the probability of the agency being of type i, denoted ¢*. Naturally,
the central government knows the agency profits associated with a given cost function and
given transfer policies. Household welfare depends on the public service level provided
by the agency where it resides, and that depends upon the cost function of the agency.
In choosing its policies, the central government is assumed to be interested solely in the
welfare of the two representative types of households in the jurisdictions served by the two
types of agencies. It chooses its tax and transfer policies to maximize a weighted average
of the two types of households, those served by a low-cost agency and those served by a
high-cost agency.® This objective function can be given various interpretations. It can be
interpreted as being the objective function for a government that seeks to achieve some
unspecified Pareto optimum, where different values of the weights represent different points
on the Pareto frontier. Using this interpretation yields rules for Pareto-efficient policies
by the central government. Alternatively, the weighted-average objective function could
be interpreted as representing a social-welfare maximizing central government where the
weights are marginal social utilities of the two representative households. A special case
of the latter that we shall highlight is that where the social welfare function is utilitar-
ian. In this case, the relative weights placed on the two household types are the relative
probabilities of the low-cost and high-cost outcomes, and the objective function is equiv-
alent to maximizing the expected utility of the representative household. (Recall that all
households are identical ez ante.)

In the case where only fixed costs vary across agencies, the single-crossing property does
not hold. In this case, it can be readily shown that the optimum is characterized by a
pooling equilibrium where the central government does not distinguish between high and
low-cost types.

For greater generality, we could assume that the planner also places a weight on the profits
of the local agency. This would not affect the qualitative results of the analysis.
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Transfers to the agencies must be financed by taxes on the households. The government
knows which households are being serviced by which agencies so it can set different tax rates
on households in different localities. In fact, it can set the local tax rate contingent on the
observed behavior of the local agency. When an agency chooses a particular combination
(S,G) from the menu offered by the central government, it is therefore implicitly also
choosing a tax rate for the households it serves. An alternative would have been to assume
that all transfers are financed out of general revenues to which all households contribute
identical amounts. This will turn out to be the outcome in some particular cases.

Government policy consists of announcing a set of (R, S, G) combinations from which each
agency is free to choose (S, G). The agency choice determines the tax payment R of the
household it serves. The combinations (S, G) offered for the agencies are limited by the
recognition that a generous offer to the high-cost agency designed to compensate it for its
costs can induce the low-cost agency to mimic it, and vice versa. Let A and 1 — )\ be the
weights put on the representative households served by the low-cost and high-cost agencies
respectively. By the revelation principle, we can write the general problem of the central
government in the following way:

£ e _ h ~h
{R‘IT}S‘E}?(G"} AV (R%,G*) + (1 - \)V (R, G™) (12)
subject to . o :
S§'—CHGH) >0 i=40h (6%)
S —CHGH - 87 +CHG") >0 i,j=14h (%)
>, ¢ (R -5) =0 (65)
i=£,h

The first pair of constraints (#*) state that profits in either state must be non-negative.-
Local agencies have no resources of their own and cannot produce public services unless
their costs are covered. The second pair of constraints (%) are the incentive or self-
selection constraints: agency ¢ can be no better off by mimicking an agency of type j. The
last constraint is the budget constraint for the central government. The labels (6%), (6%)
(6°) refer to the Lagrangian multipliers that will be used in the next section for these
constraints.

3. Optimal Policy with Full Information

Before analyzing this problem for the asymmetric information case, it is useful as a bench-
mark to characterize the full information optimal choices of R*, S* and G*. With full
information, the central government knows the cost conditions faced by the agency, and it
can select the appropriate policy for those cost conditions. '

In this case, the self-selection constraints are not binding. The Lagrangian expression for
the fully informed government’s problem is:

L(R', 8%, G*,6%,6%) = \V(R, G + (1 - DV(R*, G")

8



+0£ (SK _ CE(GE)) + ah (Sh _ Ch(Gh))
+03 (¢£(R£ _ SK) +¢)h(Rh _ Sh))

The first-order conditions are:

AVR(£) + 6544 =0 (13)

(1= X Vg(h)+65¢" =0 (14)

9t — 950t =0 (15)

oh — 954" =0 (16)

AVa(t) — 6:Ct(GYH =0 (17)
(1= \Vg(h) — 6"C*(G") =0 (18)

where V() refers to Vr(R¢, G*) and similarly for Vz(h). Along with the three constraints,
these equations determine the values of government policy variables (R*, 5%, G*) and the
Lagrange multipliers (6, 6%).

Combining (13), (15) and (17), and (14), (16) and (18), we obtain:

Vo(i) _ ity i .
A =C"(G") i=4h
or using (11),
V(G = () i=4h (19
ST 7O )

where 7° = —t'L¥/L* < 0 is the elasticity of the labor supply with respect to the tax
rate at the allocation achieved when the agency is of type i. Equation (19) says that the
marginal benefit of supplying the public service, b’'(G*), equals the marginal cost, Gi'(Gi),
multiplied by (147*)~!. The latter is a standard expression for the marginal cost of public
funds (MCPF) when tax revenues are raised using a distortionary linear wage tax on the
household served by agency 7. Thus, the level of public services offered by an agency in
the full-cost case is that at which the marginal benefit equals the marginal cost multiplied
by the marginal cost of obtaining public funds from the household being served. The same
applies for both agencies. Note that since the zero-profit constraints are binding for both
agencies, neither will make any profit, as expected in this full information setting.

The relative tax applied on the two types of households can be obtained by combining (13)
and (14) as follows:
Ve(f) _ (1-))¢*
Vr(h) X ¢t
In the utilitarian case in which all households are given the same weight, A = ¢¢ and
1—X = ¢" so Vg(¢) = Vr(h). Since, by (9), Vr(-) depends only upon R, this implies
that R® = R* = R, so a common tax is applied on all households. The decision rule

(20)
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for public services then involves a common MCPF, denoted (1 + n)~}. This case, which
corresponds with that in which expected utility is maximized will frequently be used as
an illustrative example in what follows. If the weight on the household using the high-cost
agency is higher than ¢", for example because there is some aversion to inequality in the
government’s objective function, then Vz(¢)/Vgr(h) > 1. Then, under the assumption that
Vrr < 0, R® > R". The tax system serves to redistribute from the household served by
the low-cost agency to the one served by the high-cost agency.

A solution to the utilitarian case is depicted in Figure 1. Since by (19), C¥(G%)/V(G¥) =
CH(GM) /¥ (G™), it must be the case that G¢ > G*, given the single-crossing property, the
convexity of the cost functions and the concavity of the public service benefit function.
However, the relative sizes of S¢ and S* are ambiguous. That is, either agency could be
a recipient of transfers larger than the tax paid by its representative user. This implies
that the menu of (S, G) combinations facing the agencies could be upward or downward
sloping. ©

The allocations for the households are labelled E% and E% for those served by the high-cost
and low-cost agencies respectively. The point labelled E* (above Eﬁ) on the zero-profit
curve for the high-cost agency 7" = 0 is that chosen by the high-cost agency. This point
induces the optimal grant level S* for the high-cost agency. In a parallel manner, we can
find E¢ and S* for the low-cost agency on its zero-profit curve. In the case depicted, the
low-cost agency is cross-subsidizing the high-cost one.

Note also that in the case shown in the figure, the allocation is not incentive-compatible.
The low-cost agency would prefer the allocation E* meant for the high-cost one since that
would give it positive profits. Thus, if the central government could not observe the cost
conditions of the two agencies, it could not implement this scheme. Depending on the
conditions, the self-selection constraint may be binding in the other direction, or it may
not be binding at all. We assume in the following section that the self-selection constraint
is binding on the low-cost agency as in Figure 1.

4. Optimal Policy with Unobservable Costs

It is straightforward to prove that, given the single-crossing property, if the self-selection
constraint on the low-cost agency is binding, the optimal policy will be a separating equi-
librium. Furthermore, the profit constraint of the low-cost agency will not be binding
(6 = 0) and the self-selection constraint on the high-cost agency will not be binding
(6" = 0). These are all demonstrated in a technical appendix. Based on problem (12),

For values of A lower than the utilitarian case, the tax paid by those served by high-cost
agency is reduced and that for the other household increased so it is more likely that the
low-cost agency cross-subsidizes the high-cost one. But it remains true that the relationship
between the transfer to the agency and the amount of public good it produces could be
positive or negative.

10



we can therefore write the central government’s Lagrangian function as:
L(R', S, G, 6", 6%,05) = \WV(RE, G%) + (1 - \)V(RM, GP)
+O"(SP — CP(GM)) + 6 (S¢ — CHGY) - SP + CHG™))
+0°(¢"(R" — ") + ¢*(R* - 5%)) (P)

The first order-conditions are:

AVR(E) +65¢¢ =0 (21)
(1= A)Vgr(h) + 654" =0 (22)
6% —65¢t =0 (23)
oh — gh — 9S¢h =0 (24)
AVe(l) — Y (GY =0 (25)
(1= NVa(h) - 6*C* (G*) + 6 C¥ (G*) = 0 (26)
along with the three constraints satisfied with equality.
To interpret these conditions, note that combining (21), (23), and (25) yields:
—‘;i—gg = C¥(G?)
Using expression (11) for Vg(¢€) and V(¢), this becomes:
b’(G”) _ C”'(GZ)L‘ B C"(G‘) (;27)'

L¢ -t~ 149t

Thus, the presence of asymmetric information does not affect the form of the MCPF
expression for the low-cost agency. It sets its output such that the marginal benefit to its
representative user equals its marginal cost multiplied by the MCPF of obtaining revenues
from its user.

For the high-cost agency, we obtain from (22), (24), and (26):

(Ch’(Gh) _ Ce'(Gh)) gth

Ve(h) 6RCH(GP) — ghCt(Gh)
= gh _ gtk

Va(h) g — gen

- = CcM(G") + (28)

By (23), 6 > 0, and by (24), §* — §°* > 0. Therefore, by the single-crossing property
the second term on the right-hand side of (28) is positive, indicating that for the high-
cost agency, the marginal rate of substitution of public services for transfers exceeds the
marginal cost of provision. This induces a reduction in supply of public services and reflects

11



the cost to the central government of eliciting truthful revelation of costs from the low-
cost agency. The cost of information being private is further illustrated by the fact that,
while the profit of the high-cost agency is zero, that of the low-cost agency is positive.
The government is precluded by the self-selection constraint from reducing profits of the
low-cost agency to zero.

The supply of public services by the high-cost agency can be further clarified by using (9),
(10), (23), and (24) in (28) to give:

p(ry = Co(Ch) | ¢£CM(GN - Ct(Gh) | CcM(Gh
e nh d)h 1+ nl 1+ nh

(29)

This clearly shows that the output for the high-cost agency is such that the marginal benefit
exceeds the marginal cost by a proportion greater than the MCPF of its representative
user. Thus, asymmetric information tends to require the high-cost agency to have a higher
benefit-cost ratio than in the full-information case. The difference is greater the larger is
the difference in marginal costs, the larger is the probability of the agency being low-cost,
and the smaller is 7.

An important property of the separating equilibrium can be deduced immediately. Since
the self-selection constraint on the low-cost agency is binding, the menus chosen by the
low-cost and high-cost agencies (S*, G¢, S*, G*) must lie along an iso-profit curve for the
low-cost agency. Therefore, unlike with the full-information case, the transfer schedule
offered to the agency must be strictly increasing in G.

The pattern of optimal taxation of the two types of households is obtained by dividing
(21) by (22) to yield (20), the same expression as in the full-information case. Again, in
the utilitarian case where A = ¢¢, Vgr(£) = Vgr(h) so R® = R* = R; all households pay
the same tax. In this case n° = 7™ so a common value for the MCPF, (14 5)~!, appears
in the decision rules for the two types of agencies, (27) and (29). If A < ¢%, so some
inequality aversion is built into the government’s objective function, households served by
the low-cost agency will pay a higher tax (R¢ > R") to compensate for the fact that the
size of their public services are higher (G* > G*).

The solution for the case in which the government adopts a utilitarian objective function,
or equivalently maximizes expected household utility, is also depicted in Figure 1. The
common tax paid by all households is R. The menus chosen by the two agencies are E¢ and
E*, leaving the households at E4 and E%. In this case, the high-cost agency must be cross-
subsidizing the low-cost one in the sense that its transfer is less than the taxes paid by the
households it serves. (If A > ¢”, the extent of the cross-subsidization will be less.) In the
figure, we have supposed that the tax revenues are lower in the asymmetric information
case that in the full information case (R < R). Intuitively, this is reasonable since the
marginal cost of public funds is higher with asymmetric information. More formally, it is
straightforward to show that as long as 7 is non-increasing in R, R will be less than R.”

7 If  is constant, G¢ will be the same in the full-information and asymmetric information
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And, 5 will be non-increasing in R whenever VgR < 0, which we have argued above is
reasonable.®

An interesting feature of the case where the government objective function is expected
utility is that, given that R < R, the households served by the low-cost agency are better off
under asymmetric information than under full information. That follows from the fact that,
since R < R, and since 7 is non-increasing in R, 7 is higher under asymmetric information.
Therefore, by (19) and (27), G* is higher under asymmetric information. Given that the
households served by the high-cost agency will be worse off, government tax policy must
be less redistributive under asymmetric information than under full information.

It is straightforward to infer the nature of the solution if there are more than two cost-types
of agencies. Assume that there are n agencies and order them (1,2,3,---,n) in terms of
descending costs of producing a given output G. Assume that the single-crossing property
applies between all adjacent pairs (so marginal costs of producing a given G also descend
with agency numbers.) The optimal outcome may be one which is fully separating where
self-selection constraints are binding for all agencies (2, 3,- - -, n) with respect to their next
lowest adjacent agency. All agencies except the highest-cost one (agency 1) will earn
positive profits (information rents). The decision rule for all agencies (1,2,3,---,n — 1)
will be analogous to (29), while that for the lowest-cost agency is analogous to (27),
the standard MCPF expression. The menu offered to all agencies will necessarily be
strictly increasing in the level of public services provided. If the government chooses its
tax policy according to a utilitarian objective function (or to maximize expected utility),
all households will pay the same tax into general revenues. There will be a cut-off agency
type such that all higher-cost ones are cross-subsidized by all lower-cost ones.

This is not the only type of equilibrium possible. The equilibrium might have partial
pooling in the sense that some pairs of adjacent cost-types of agencies may choose the
same menu combination (S?,G*).° The lower-cost of such pairs will obviously earn a
higher profit, and households served by the two agencies will be equally well off. The
menus offered to agencies will still have the property that transfers S are strictly increasing
in public service levels G, and decision rules for all agencies but agency n will be like (29).

5. Agency’s Effort Affects Probabilities

cases by (19) and (27). However, G* will be lower with asymmetric information by (19)
and (29), so R < R. Suppose 7 is decreasing in R. If, to argue by contradiction, R > R,
7 must be less in the asymmetric information case. By (19) and (27), G® must be then
less in the asymmetric information case, and by (19) and (29), G* must also be less in
that case. But, this contradicts the assumption that R > R. Therefore, R < R if 7 is
non-increasing in R.

Since n = —tL'/L, n/0R = (9n/6t)t'(R) = t'(R)(~L'L — t(L')> + tL")/L? < 0if L" <0
or if the absolute value of tL" is not too large.

The argument is analogous to partial pooling in the optimal non-linear income tax with
more than two ability-types of households, as in Stiglitz (1987).

13
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Suppose now that the agency, in addition to selecting a combination of $ and G from those
offered by the government, can also select a level of effort, and incurs a higher cost from
exerting more effort. In this section we consider the case in which higher effort increases the
probability of the low-cost state occurring. In the following section, we consider the case
in which higher effort reduces the costs in each state. If the government cannot observe
the effort level of the agency, we have a standard moral hazard problem along with the
adverse selection problem outlined above. We investigate how the optimum achieved by
the central government will be affected by the existence of moral hazard.

We assume for simplicity that there are only two possible effort levels, e (high effort) and
el (low effort). The probabilities of the low-cost and high-cost states under these effort
levels are (¢#¢, pLt, pHh ¢Lh) where ¢H¢ > ¢L¢ (so ¢pL* > ¢HM). The government offers
a menu (5% G¢ S* G") from which the agency must choose a pair. The agency, unlike
the government, can observe the state of nature, but must choose an effort level before
the state of nature is revealed; it will choose the effort level such that expected profits
less costs of effort are the highest. Since cost functions are unaffected by effort, the choice
of (S, G) by the agency in each state will be the same regardless of effort. As before, a
separating equilibrium will be achieved. However, it is one that must take account of the
moral hazard problem facing the government.

It is useful to proceed heuristically by showing the nature of the problem geometrically.
Assume that the government maximizes a utilitarian objective function (or expected util-
ity). And for simplicity, assume that the elasticity of labor supply with respect to the
wage rate () is constant so that indifference curves are vertically parallel (cf. equation
(11)) and that the cost functions are linear so that the iso-profit lines are also linear (since
their slope is the marginal cost marginal costs are constant). To illustrate the nature of
the moral hazard problem, Figure 2 depicts the outcomes that would be achieved if the
government could observe the effort level. (Indifference curves are omitted for simplicity.)
Given that 7 is constant, an increase in the probability of the high cost state has no effect
on Gf. Also, by totally differentiating (29), we obtain dG*/d¢" > 0. Since lower effort
increases the probability of the low-cost state, the low-effort outcomes are depicted by
points (L%, L*), and the high-effort outcomes by (H¢, H*).10

A notable point about these allocations is that expected utility is higher the higher is
the probability of the low-cost outcome!! This implies that the government will prefer

In both this section and the next one, we assume that the non-negative profit constraint
takes the form S* — C*(G*) > 0. This ensures that the agency if financially viable in
each state. It could be argued that the profit constraint should apply to profits net of
effort costs. This would complicate the presentation slightly without changing the results
significantly.
To show this, set A = ¢* in problem (P) and differentiate the Lagrangian with respect to
"

oc

agr = V(W) = V() +05(R" — 5" ~ R* + 5°)
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the high-effort outcome, and would like to implement it by offering the agency the menu
(8¢, G, 8", G") associated with the points (H%, H"). On the other hand, given tlus menu,
the agency may prefer to take low effort. Suppose the effort level of the agency, e or e,
is normalized to be its cost. The agency will take low effort if expected profits net- of-effmt
are higher with low effort, or:

E¥] - E[lIY] < ¥ - ¢k (30)

where E[II*] = ¢%¢ (St — CH(G*)) and E[II¥] = ¢7¢ (S¢ — C4(G?)), since S* — CH(Gh) =
0 (i.e., the profit constraint in the high-cost state is binding).

Suppose this inequality is satisfied.'> Then, the government cannot implement (H?, H").
In effect, the government can only implement allocations that satisfy:

E[I®] - E[IY] > ¥ — L (30")

We refer to this as the forcing constraint since it is what induces the agency to exert high
effort. It can readily be seen that shifting the iso-profit line for the low-cost agency upward
increases the left-hand side of (30). This involves increasing S¢, holding G¢ constant. Since:

E[I"] - E[II*])
a5t

=¢Hl_¢L€>O

the constraint (30') will be relaxed as the iso-profit line for the low-cost agency is shifted
upward.

Since R" = R? and using the self-selection constraint,this simplifies to:

oL .
5gr = YG") = (G") - 85(C4(G") - C*(GY)

This can be rewritten as;

8£ Gh S Gh el
5 = V' (G)dG -0 / C* (G)dG
55 = |, ¥©) [ ¢

;From the first-order conditions, we know that
b/(Ge) — 9502’(G£)

Thus both integrals start at the same value at G¢. Then, given that b"” < 0 and C” > 0,
the first term is larger negative than the second one is positive. Therefore, 0L/0¢" < 0
for this case.

If it is not, moral hazard is not an issue since both parties prefer high effort. Then the
analysis of the previous sections applies.
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As the iso-profit locus for the low-cost agency is shifted upward, one of two scenarios will
occur. The first scenario is that the forcing constraint (30') is satisfied before the iso-profit
line for the low-cost case reaches IIZ¢. This is the case shown by 174 in Figure 2. Here, the
menu given by (H¢, H ") would be that offered by the government. The expected utility
level achieved by the household would be less than that for (H¢, H*), but still greater than
that for the low-effort case.!3

The second scenario is that the cost of high effort may be so great to the agency that even
when the iso-profit line for the low-cost agency is raised to the same level as II%¢, inequality
(30) still applies. In this case, it would be welfare-improving for the government to raise
the iso-profit line IT#¢ even beyond that of IIZ¢. This can cause qualitatively different
results in two ways. First, the iso-profit line for the low-cost agency may be pushed up
so far as to go beyond the point at which (H*, H") coincide. If (30') applied at exactly
that point, a pooling equilibrium would result. If it applied beyond it, the self-selection
constraint for the high-cost agency would now become the binding one, and the MCPF
conditions determining the optimal quantities of G¢ and G* would be reversed. We do not
consider that case any further. Second, it may be the case that when [17¢ is pushed far
enough beyond IIZ so as to satisfy the forcing constraint (30'), expected utility may be
less than it would be under low effort.!* If so, the government would be best to announce
(L% LP), and let the agency choose a low level of effort. In that case, there would be no
forcing constraint, and the characterization of the outcome would be as in Section 4 above.

Algebraically, the first scenario where the agency is induced to choose high effort with
I[17¢ < TIX¢ can be characterized as follows. The problem for the case of a non-linear cost
function with preferences of the general form (8) is the same as problem (P) earlier with
the addition of a forcing constraint of the form (30’) which, given that the profit constraint
for the high-cost outcome will be binding, takes the form:

(¢H€ _ ¢Ll) (Sl _ CK (Gl)) > CH _ CL
The central government’s Lagrangian function can be written:
L(-) = "V (R, G*) + ¢""V (R",G") + 6" (S" - C* (G")) +

alh (SZ _ Cl (Gf) _ Sh +Cl (Gh)) +0S (¢H€(R£ _ SE) +¢Hh(Rh _ Sh)) +

13 We deduce that as follows. As the iso-profit line for the low-cost agency rises, holding
probabilities constant, expected utility falls because the central government becomes more
and more constrained. When the iso-profit line reaches the level IT£4, the menu is the same
for the two cases. However, since the probability of the low-cost outcome is higher with
more effort, we know that expected utility is higher if the agency chooses high effort than
if it chooses low effort, when the two iso-profit lines coincide. That implies that expected
utility must also be higher when the iso-profit line for the high-effort case is below that
for low effort.

4 From the previous footnote, we know that that cannot occur unless II#¢ > ITZ¢,
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v [(¢H£ . ¢L£) (SZ _ CZ (GZ)) _ eH +8L]

The first order condition readily reduce to the following:

_VG(Z) _ !~
v =<9
Voh) (Ch’ (G*) - ¥ (Gh)) gth
2GR oo

These have precisely the same form as those obtained from problem (P) earlier. The
same qualitative results apply. The only difference is that the levels of the Lagrangian
multipliers will have changed because of the addition of the forcing constraint, and that
will be reflected in the higher level of profits in the low-cost outcome. This higher profit
level must be offered to the agency to induce higher effort. It results in lower expected
utility for the household. The form of the decision rule given by the augmented MCPF
rule is the same as in the adverse selection case of problem (P).

6. Agency’s Effort Affects Costs

In this case, the level of effort affects the cost function of the agency in each state, C*(G*, e),
i = ¢, h. As above, we assume that there are two effort levels, e¥ and e®, so C*(G?,e) <
C*(G*,eL). The nature of the problem is formally similar to that in the previous section
except that effort now affects costs rather than probabilities. We proceed as before to
develop the argument intuitively using geometric techniques.

For simplicity, assume again that that government maximizes expected utility, that the
elasticity of supply of labor 7 is constant, and that cost functions are linear. Assume
further that effort and the state of nature affect marginal costs, but not fixed costs. The
cost functions for the two states and the two effort levels are assumed to be as follows:

ctG
el

C(G,&)=F+—=F+¢cG i=0h j=LH (31)
where ¢/ = 1/e?. Proceeding as above, Figure 3 shows the outcomes that would be
achieved for the two effort cases if the government could observe effort levels, but not
costs. The low-effort level outcomes are depicted by (L4, L") and the high-effort outcomes
by (H® H"). These are the outcomes that would be achieved when problem (P) is solved
separately for the cases in which the cost function (31) is used for high and low effort.
From the first-order conditions (27) and (29), it is easy to show by a comparative static
analysis treating € as a continuous variable that increases in effort (reductions in ¢) will
cause both G* and G* to rise (as shown in the diagram for e and eZ). Moreover, applying
the envelope theorem to the Lagrangian (P), increases in effort will cause expected utility
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to rise unambiguously. Therefore, if effort can be observed, the government would choose
the allocation (H®, H").

If effort cannot be observed, the allocation (H¢, H") may not be incentive-compatible.
The agency will choose to supply low eff01t at the menu (H, H ") 1f inequality (30) ap-
plies, whe1e 10 E[IL] = ¢* (S" el Gh) + ¢t (S - LctGY) and E[I¥) =
o™ (Sh — HehGh) + ¢t (S ~ _ ceG‘). Assuming that inequality (30) applies at
the allocation (H ¢, H"), the government must choose an alternative allocation that satis-
fies (30’). As in the previous section, it can be easily verified that shifting the iso-profit
line for the low-cost agency upward increases the left-hand side of (30).1°

The iso-profit line for the low-cost agency must be shifted upward until either (30') is
satisfied or expected utility is higher in the low-effort state. Figure 3 depicts an allocation
(A%, H") for the former case. It turns out that in this case, unlike in the previous section,
it is optimal to set A such that the slope of the indifference curve in the low-cost state
(i.e., =VG(£)/Vr(£)) is lower than the slope of the iso-profit line. That is, the MCPF in
the low-cost state is less than in the standard expression.

To see this, consider the government’s problem for the case in which the agency is in-
duced to supply high effort. Using the general cost function and assuming the government
maximizes expected utility, the Lagrangian expression for this problem may be written:
L(-) = ¢V (R:,G*) + ¢"V (R",G*) + 6" (8" — C™ (G, e))
+0£h [Sl _ CK (Gl’eH) _ Sh + CZ (Gh,eH)] + 03 (¢Z(R£ . SZ) + ¢h(Rh _ Sh))
+,y[¢£ (CK (Gl,eL) _ CE (GZ,CH)) + ¢h (Ch (Gh,eL) _ Ch. (Gh,eH)) + eL _ CH] B

;From the first-order conditions to this problem, we can derive the following equations:

Ve e
"Vige; = Cg (G%e") + th [CE (G*,e™) - C& (G*,e"))] @
Va(h . gtk

‘vighg = Ca(G" e") + g (C5(G", ¢™) - CG(G",e")
+%a: (Ch(G",eH) - Ch(G", b)) (33)

15 To see this, note that the left-hand side simplifies to ¢Pc* G (eX — e¥) + p2ctGE(el — eH).
Thus, increasing both G* and G* will cause the left-hand side to increase since eZ > ¥,
This will require the iso-profit curve of the low-cost state to be shifted upwards.
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(From (32), if high effort reduces marginal costs so C& (G*,ef) < C& (G eP), then:

Ve (£)
_—‘713—(7) < Cé (GZ,GH)

In this case, the marginal rate of substitution of G* for S¢ is less than the marginal cost
of G* augmented by the MCPF of the users of the low-cost agency. That is:

CE (Gt e
bl(GE) < G( )
14 nf
so the ratio of marginal benefits to marginal costs for the low-cost state is less than the
standard case.

For the high-cost agency, equation (33) may be compared with (28). The first two terms on
the right hand side of (33) are identical to those in (28) and have the same interpretation.
Since 6" — 6" > 0 from the first-order conditions, and using the single-crossing property
that C&(G", ef) > C&(G" ), these terms tend to cause the MCPF for the high-cost
agency to exceed that given by the standard expression, as in (29). However, the last
term in (33) is negative, tending to reduce the MCPF. Thus, as with (32), the existence
of unobserved effort that affects the cost of delivering public services tends to reduce the
MCPF and to increase the amount of public services provided. This confirms what the
diagrammatic analysis of Figure 3 suggested; to force the agency to supply high effort, the
expected profit function for the high-effort outcomes must be shifted up, and that involves
increasing G. The entire grant structure relating S to G is shifted upwards, as shown in
Figure 3 by the points (H", H¢). However, unlike with the low-cost agency, the MCPF for
the high-cost agency could be higher or lower than for the standard case.

7. Conclusion

In this paper we have explored some of the implications of asymmetric information for the
structure of grants between a central government and a local agency, and for the marginal
cost of public funds. The agency is assumed to have information about its cost conditions
that is not available to the government. As wecll, the government may not be able to
observe the level of effort exerted by the agency, and hence may not know either the true
probability distribution facing the agency or the state-contingent cost conditions. We have
shown for each of these cases when and how the decision rule for public services and its
relation to the standard MCPF is affected by the absence of full information. In most
cases, the results are intuitive and readily understood geometrically.

Our analysis has been restricted to the cases of two states of the world and, where relevant,
two effort levels. This was sufficient to yield the qualitative effects at work. We have also
made some rather simple assumptions about the nature of the economy. Households are
all identical and have quasi-linear preferences. The local agency is interested only in its
own profit levels, and is able to use excess profits for its private benefit. Perhaps more
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important, the agency must select its effort level before it knows its cost type. Given
the simple model we have adopted, the results we obtain must be viewed as exploratory.

It remains to see how robust they are as different assumptions about the economy are
adopted.
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TECHNICAL APPENDIX

This Appendix proves that if agency cost functions satisfy the single-crossing property,
the equilibrium will be separating with 6% = 0, " > 0, "¢ = 0, and 6%* > 0. The proof
proceeds in five steps.

1. The profit constraint on the low-cost agency is non-binding. From the self-selection
constraint on agency £ and the profit constraint in agency k, using C*(G"*) > C¢(G"), and
assuming an interior solution so G¢,G* > 0,

St - Cc{GYH > sh—c{Ghy > sh - MG >0

or,
St—cHGH >0

Therefore, §¢ = 0.
2. The Lagrangian of the central government with 8¢ = 0 is:
L=2V(R,G" + (1 -\ V(R",G") + 6" (S* — C*(G™))
+6 (8¢ - CHG®) — " + CH(GM)) + 6™ (S" — C™(G™) - ' + CM(GY))

+65 (¢z (Rl— Se) 4 gt (Rh _Sh))

The first-order conditions are:

AWE+65¢ =0 (A.1)

(L= NVE+6¢" =0 (A.2)

gth _ ght _ 95¢% = 0 (A.3)

gh — gth 4 ght — gSph =0 (A.4)

AVE — 6% CY (G + 8™CH (GY) = 0 (A.5)

(1 - NVE =" CM(Gh) + 6% C¥ (G*) — g C™ (Gh) = 0 (A.6)

By (A.1), (A.2), (A.3) and (A.4), 6" = 65 and AVE + (1 — \)VE = —" < 0. Therefore,
6" > 0, so
Sh—ch(GM) =0 (A.7)

3. A pooling equilibrium is non-optimal. The best pooling equilibrium is the combination
of (RY,SP,GP) that maximizes V(R, G) subject to non-negative profits for the high-cost
agency, S — C*(G) > 0 and the government budget constraint S = R. At an optimum,

~VE/VE = CY(GP) > CY(GP). Since C¥ = dS/dG with profit 7¢ constant, welfare can
be increased by holding R* = RP and G* = GP, but increasing R¢ and G? in the ratio C*
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since Ct' < —VEL/VE. (Welfare is also decreased by a small move in the other direction
holding 7* fixed.)

4. By (A.1) and (A.3), 0" — §** = AVE < 0. Therefore, at least one of 874 or %% must be
non-zero. We can show that they cannot both be non-zero in a separating equilibrium. If

they were:
Sl _ CZ(GE) — Sh _ CE(Gh)

and
Sé _ Ch(Gl) — Sh. _ Ch(Gh.)

Subtracting one from the other and rearranging,
ch(G*) - CM(G") = CH(G*) - c4(G")

so C*(G) = C¥(G), which is a contradiction. Therefore, either "¢ = 0 and §¢" # 0, or
gt = 0 and 6™ # 0.

5. Finally, we can show that if ¢ = 0 and 6" # 0, welfare is maximized at a pooling
equilibrium. The first-order conditions reduce to:

AVE -6 =0 (A.1)
(1-NVE+6"+ 6" =0 (A.2')
AVE + 6MCh (GY =0 (A.5')
(1 - NVE - g™ (G™) - gMcH (G =0 (A.6)
these yield: , .
—% - _‘%‘ = cM(G") .

Thus, R* = R* and G* = G*, 50 a pooling equilibrium is preferred if §¢* = 0 and ¢ # 0.
Given that a pooling equilibrium cannot be optimal, it must be the case that §* # 0 and
9"t = 0. By (A.1) and (A.2), 8¢ > 0.
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