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Abstract

One of the core rationales for fiscal decentralization is the proposition that local
governments are more accountable to their constituents than are national governments,
with opportunities for both “exit” and “voice” deemed to be greater at the local level.
Extending existing “career-concerns” models of political accountability to incorporate
multidimensional effort, I show that whether voice and hence the electoral control of
politicians functions best by devolving government functions to local authorities de-
pends on the means of electing the national politicians who would otherwise be held
responsible for government performance. In particular, fiscal decentralization will be
relatively unattractive as a means of holding politicians accountable when votes at the
national level are aggregated directly. In contrast, the aggregation of votes through
intermediate institutions such as the U.S. Electoral College weakens the incentive for
national politicians to act responsibly, and so strengthens the case for devolution. In-
troducing spillovers across localities has little effect on the basic analysis, but does
raise questions about the claim that central governments are better motivated than lo-
cal governments to provide public goods in the presence of externalities.

∗Paper prepared for presentation at the 2004 annual meeting of the International Society for New Institu-
tional Economics. Comments welcome: gehlbach@polisci.wisc.edu.



1 Introduction

One of the most widely accepted rationales for fiscal decentralization is the idea that lo-
cal governments are more accountable to their constituents than are central governments.
In particular, local governments are believed to have stronger incentives to provide public
goods efficiently and with minimal rent extraction both because the possibility ofexit (of
citizens or capital) increases the cost of misgovernance, and because citizens can better ex-
ercisevoicethrough local than central democratic institutions.1 This paper challenges the
second of these two propositions, showing that the theoretical justification for improved
electoral control of politicians at the local level is weak, with the advantages of local elec-
tions most apparent in systems where votes innationalelections are aggregated through an
intermediate institution such as the U.S. electoral college.

The notion that local democratic institutions hold politicians more accountable has
been challenged empirically in recent years by both cross-country statistical evidence and
case studies of particular national experiences with decentralization. Treisman (2002), for
example, analyzes data from 166 countries and finds that decentralization is associated
with higher perceived corruption and reduces efficiency of public-goods production, while
Enikolopov and Zhuravskaya (2003) show that subordination of local authorities to higher-
level governments improves the impact of fiscal decentralization on quality of governance
in a sample of 95 countries. Russia’s experience with decentralization (initiated under Boris
Yeltsin prior to the collapse of the Soviet Union, and continued through the 1990s) has in
particular led many analysts to question to degree to which decentralization of public-
goods provision to locally elected authorities can improve government performance.2 As
documented in numerous studies, local officials in Russia have in general failed to pro-
vide the public goods necessary for the growth of new businesses, with corruption and
misappropriation of public funds apparently quite prevalent in many local administrations
(e.g., Lambert-Mogiliansky, Sonin and Zhuravskaya, 2000; Blanchard and Shleifer, 2001;
CEFIR and Bank, 2002; Sonin, 2003; Cai and Treisman, 2004) .

This paper builds on recent work by Seabright (1996) and Persson and Tabellini (2000,
ch. 9), who attempt to formalize the intuition that decentralization can enhance the effi-
ciency of public-goods production because locally elected politicians are more accountable
than are their nationally elected counterparts. The key argument in these earlier works is
that centralization may weaken the link between performance and political accountabil-
ity, since a national politician need garner a majority in only a majority of jurisdictions to
win reelection. In essence, the advantage in these models of decentralization is that lo-
cally elected politicians must please half the voters to be reelected, while nationally elected
politicians need satisfy only half the voters in half the regions. Local politicians thus have

1Rose-Ackerman (2000) applies Hirschman’s (1970) exit/voice distinction to theories of local account-
ability. Following Tiebout (1956), the advantages of mobility in encouraging the accountability of local
governments has been explored by, e.g., Rubinfeld (1987), Hoyt (1990), and Weingast (1995). In contrast,
there has been relatively little formal analysis of the degree to which local rather than central elections serve
to discourage self seeking by politicians; Seabright (1996) and Persson and Tabellini (2000, ch. 9) (both
discussed below) are two notable exceptions.

2See Stoner-Weiss (1997) on the gradual emergence during the 1990s of elections as the mechanism by
which regional governors are chosen in Russia.
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stronger incentives to engage in efficient production of local public goods and refrain from
rent seeking.

The model presented in Section 2 below demonstrates that this advantage of local elec-
tions is specific to the electoral mechanism implicitly assumed by Seabright (1996) and
Persson and Tabellini (2000, ch. 9): in that work, national politicians need the approval of
a majority ofjurisdictionsto win reelection, rather than a majority of the national popula-
tion.3 In other words, votes in these models are aggregated through an institution akin to
the U.S. electoral college. In contrast, as this paper shows, when national elections are ma-
joritarian (as is more typically the case), the link between performance and accountability
remains intact. In this case, the relative advantages of local vs. national elections reduce to
factors such as the payoff to reelection for politicians at different levels of government.

Formally, the model in this paper falls into a class of “career-concerns” models in which
an agent (here, politician) exerts effort to appear more competent in the eyes of her prin-
cipals (here, voters). While such models originated in economics – the seminal contribu-
tion is Holmstrom’s (1982) analysis of managerial decision-making – in recent years they
have been increasingly applied to analyze the incentives of actors in political environments.
Persson and Tabellini (2000, ch. 9), upon which this paper builds, is one such example;
others include Lohmann’s (1998) study of political business cycles, Alesina and Tabellini’s
(2003) analysis of the delegation of tasks to politicians and bureaucrats, and Patty, Johns
and Skinner’s (2004) investigation of the role of information asymmetries among the “se-
lectorates” of different nations in determining the likelihood of war. Conceptually, career-
concerns models differ from standard signaling models in that no assumption is made that
the politician isex antemore informed about her “competence” than are the voters. (More
precisely, the politician is no more informed about which state of the world will be realized,
where her competence is greater in some states than others.) This simplification avoids the
multiple equilibria of signaling models, while maintaining focus on the effort provided by
the politician.

The technical innovation of the model presented below is the extension of the basic
career-concerns model to a setting in which politicians make decisions about the allocation
of effort among competing tasks, with voters heterogeneous in the value they place on
performance in different policy arenas. Thus, for example, a president who concentrates
most of his effort in the foreign-policy arena in an effort to appear more competent in
managing overseas affairs, does so with the understanding that she may sacrifice support
among voters interested more in domestic policy. Earlier models almost universally assume
unidimensional competence and effort.4 The distinction is important for the particular
substantive concern of this paper: national majoritarian elections presuppose a conflict of
interest among voters as to what tasks should be given priority by an incumbent. However,
the model is general, and may be applied to a wide range of political contexts.5

3The assumption in these models that national governments are not constrained to provide local pub-
lic goods in a way that is uniform across jurisdictions is an arguably realistic departure from much of the
traditional literature on fiscal federalism; see Besley and Coate (2003) for discussion.

4I am aware of only one exception: Alesina and Tabellini (2003) consider delegation of tasks to politicians
and bureaucrats in both unidimensional and multidimensional settings. While useful for the specific purpose
to which it is put, the model of that paper is substantially less general than the model presented below.

5An alternative approach to modeling political accountability, originating with Barro (1973) and Ferejohn
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The paper proceeds as follows. Section 2 presents the basic political-economic environ-
ment. Section 3 considers in turn political accountability under a decentralized system, a
centralized system with national electoral-college elections, and a centralized system with
national majoritarian elections; the third result, and its relationship to the first two, is the
key substantive contribution of this paper. Section 4 extends the basic model to consider
the impact on electoral accountability of spillovers across jurisdictions, a common justifi-
cation for centralization of public-goods provision. Surprisingly, an increase in spillovers
does not necessarily increase the incentive for national politicians to be more efficient in the
production of public goods, whatever the nature of national elections. Section 5 relates the
results to the broader literature on the advantages and disadvantages of decentralization,
and discusses other possible applications of the multidimensional career-concerns model
introduced in this paper.

2 Environment

Our political-economic environment in most respects follows Persson and Tabellini (2000,
ch. 9), but differs critically in assuming that voters care not only about the competence of
the politician in power, but also about other, “ideological” concerns. (Other differences
are technical modifications to accommodate this feature of the model.) This alteration
of the basic career-concerns model allows consideration of multidimensional as well as
unidimensional effort in an explicitly electoral context.

Consider a two-period model, where period 1 is a pre-election period, while period 2
is a post-election period. At issue is the provision of local public goods in some as-yet
undefined number of localities indexedλ = a,b, ..., with provision of the public good for
locality λ in periodt denotedgλ t . (We defer for the moment the question of the number of
localities, as for technical reasons we will need to consider different numbers in different
institutional environments.) Depending on the political system, decisions about public-
goods production may be made by either a local or national politician. In what follows, we
will often refer to “the politician,” where unless otherwise noted this should be understood
to mean the politician with control over public goods production in localityλ .

Each locality is populated by a continuum of voters of massNλ , who care about public-
goods production in their own locality. In particular, let voters in localityλ receive policy
utility from provision of public goods at timet of αλ gλ t . Public goods are financed through
a fixed tax ratēτ imposed on all citizens, who for the sake of simplicity are assumed to have
a common per-capita income ofy.

The question of the model is the degree to which politicians in different institutional
environments provide public goods efficiently, as opposed to skimming off public funds
for their own purposes or failing to exercise proper control over subordinates. Public-goods
productiongλ t is a function of both the “effort” exerted by the politician to reduce waste

(1986) and used by Seabright (1996) in the application discussed above, is to assume that voters can coordi-
nate on a strategy to deny reelection to an incumbent if she fails to provide voters some “reservation” utility
level. In the language of voting studies, the Barro-Ferejohn approach models “retrospective” voting, while
the career-concerns approach concerns prospective” voting (since in the latter case voters care only about
future performance)
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and fraud in the production of public goods, and the politician’s competence in producing
those goods efficiently. Key to models of this type is the assumption that neither effort
nor competence, but only total public-goods productiongλ t , is observable by voters. The
incumbent’s competence persists from period 1 to period 2, so that voters have an incentive
to return incumbents to office who they perceive to be more competent. This in turn implies
that the incumbent has an incentive to exert effort to appear more competent and improve
her chances of reelection. For simplicity, we assume that the incumbent is unaware of her
competence at the time that she exerts effort, so that the timing of events is:

1. (Period 1) The incumbent politician chooses an effort level (unobserved by voters),
where effort augments the production of local public goods.

2. (Period 1) The incumbent’s competence is realized (but not observed by voters),
which together with the incumbent’s effort decision determines the level of public-
goods productiongλ1 in period 1 (which is observed by voters).

3. (Period 1) Voters choose whether or not to reelect the incumbent.

4. (Period 2) The politician in power in period 2 (either the incumbent or challenger)
chooses an effort level, which together with that politician’s competence determines
the level of public-goods productiongλ2 in period 2

The assumption that the incumbent knows no more about her competence than do the
voters at the time she chooses her effort level is what distinguishes “career-concerns” from
signaling models. This assumption simplifies the analysis by eliminating the possibility of
multiple equilibria while retaining focus on the level of effort provided by the incumbent.
The proper interpretation is not that the incumbent does not know whether or not she is
competent in general, but that at the time she exerts effort does not know whether the
political-economic environment will change in a way that favors her particular skill set.

Formally, we define effort and competence as follows:

• Effort: Let rλ t be the extraction of “rents” (unobservable by voters) from the budget
for public goods in localityλ at time t, from which the politician derives utility
v(rλ t). We assume that there is an upper bound on the level of rents that may be thus
extracted, so thatrλ t ∈ [0, r̄], with r̄ less than total revenues available for public-goods
expenditures in localityλ (derived below). Then, we can define a new variableeλ t
(effort) as rents forgone, i.e.eλ t ≡ (r̄− rλ t)∈ [0, r̄]. This variable will be the focus of
our attention. Effort is costly to politicians, where we assume a convex cost of effort,
i.e. foregone rent extraction, given by the functionc(eλ t), with c(0) = 0. The shape
of the cost function may be rationalized by assuming that either that the politician’s
utility from rent extractionv(rλ t) is concave or that there is some convex cost of
rent extraction. In all that follows, we focus on the case wherec(.) is “sufficiently
convex” to support an interior solution.

• Competence: The competenceθλ of the politician in producing public goods in
locality λ is a random variable, unobservable to voters and realized only after the
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politician has made her effort choice. Note thatθλ is not subscripted byt: the in-
cumbent politician’s competence persists from period 1 to period 2, so that voters
have an interest in returning more competent politicians to power. We assumeθλ to
be independently and identically distributed acrossλ , with expectation zero and den-
sity f (.) and distributionF(.) functions defined over a limited support[l ,h], where
l < 0 < h.6 If the incumbent politician is defeated, the challenger takes office, with
unknown competence andE (θλ ) = 0.

Let the funds available for public-goods production in localityλ when the maximum
possible rents ¯r have been extracted bekλ t . (This formulation will save on notation in
the discussion to follow.) In a decentralized system with no interjurisdictional transfers,
kλ t = (Nλ τ̄y− r̄) in all periodst. In a centralized system, the distribution of tax revenues
across localities may depend on the allocation of bargaining power among the regions or
preexisting constitutional arrangements. All that we require in the latter case is that the
distribution of those revenues be set according to a fixed and publicly known formula so
that voters in any locality can impute the competenceθλ of the incumbent in providing
public goods for their jurisdiction. Then in either case we can define the production of
public goods in localityλ as:

gλ t = kλ t +eλ t +θλ (1)

Note that in contrast to Persson and Tabellini (2000, ch. 9), we assume that competence
enters the public-goods production function additively. This formulation facilitates the
derivation of a solution when we consider majoritarian elections below.

Equation (1) illustrates the basic logic of career-concerns models. Voters want to return
incumbents to office with high competenceθλ . However, since voters do not observeθλ

but only public-goods productiongλ t , the incumbent has an incentive to exert efforteλ t
to appear more competent. Of course, the equilibrium requirement that all players have
correct beliefs about the others’ actions implies that voters will not be fooled: knowingeλ t ,
and observinggλ t , they will be able to correctly inferθλ . Nonetheless, the incumbent must
exert the expected level of effort, since by failing to do so voters will judge her to be less
competent than she actually is.

Finally, assume that in addition to their policy concerns (which are identical for all
individuals in a given locality), voters have idiosyncratic “ideological” preferences which
cause them to support the incumbent politician to a greater or lesser degree. Both the
assumption and the terminology are widely employed in electoral-competition models, due
to the technical necessity that the politician’s reelection probability be continuous in her
action – here, effort. In the present context, the inclusion of ideological preferences allows
consideration of multidimensional effort choice by an incumbent politician interested in
reelection.

In particular, letδiλ refer to the ideological preference of voteri in locality λ for the
challenger, so that this voter will support the incumbent for reelection if:

E(αλ gλ t | incumbent wins)> δiλ +E(αλ gλ t | challenger wins) (2)

6While not technically necessary, for substantive reasons we may constrain the lower bound on the support
of θλ to be sufficiently large such that total provision of public goods may never be negative, even if the
politician exerts no effort.
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A common interpretation of this term in electoral-competition models is thatδiλ represents
preferences over policies with which politicians have little freedom of maneuver. Thus,δiλ
might capture the degree to which voter support positions held long enough by a candidate
or party that any change in policy would result in a loss of credibility. Alternatively,δiλ
could represent voters’ preferences over issues of supreme importance to party chieftains
or funders, and thus over which candidates have little autonomy.

We assume that the distribution of ideological preferences in each locality is known to
the incumbentex ante.7 In particular, letδiλ be distributed independently across localities,
and uniformly within a locality over the interval[− 1

2γλ
, 1

2γλ
], where theγλ ’s are sufficiently

large (relative to the support ofθλ andθλ ) to insure that the incumbent’s vote share always
falls strictly between 0 and 1. The parametersγλ thus capture the degree to which voters
value the production of public goods over other issues: a largeγλ implies that voters differ
little according to their “ideological” preferences, so that a politician’s perceived compe-
tence in improving the efficiency of public-goods production has great relative importance
in the voting decision. In what follows, we will sometimes refer toγλ as the “importance”
or the “salience” of public-goods production relative to “ideological” concerns.

3 Decentralization vs. Centralization

In this section we consider first political accountability under a decentralized system, where
public-goods production is controlled by locally elected officials. We then turn to the ques-
tion of political accountability under a centralized system, where nationally elected politi-
cians have control over public goods production. We are interested in comparing account-
ability under a centralized system with national “electoral-college” elections to that with
national majoritarian elections, and both to accountability under a decentralized system.

Our solution concept is “weak sequential equilibrium,” which combines the notion of
sequential rationality with the requirement that players’ beliefs on the equilibrium path be
updated according to Bayes’ rule (see, e.g., Osborne, 2004; Myerson, 1991). (Note that
the similar solution concept “perfect Bayesian equilibrium," often employed in signaling
games, is not defined for games with unobserved actions such as the model in this paper.)
Throughout we restrict attention to equilibria in pure strategies.

Local Provision of Public Goods

We begin by considering what happens in period 2. Whether the incumbent or the chal-
lenger from period 1 is in power, the politician in period 2 solves the following problem:

max
eλ2

Rf −c(eλ2) (3)

where we defineRf ≡ v(r̄), the level of utility a local politician in a federal system gets
from the maximum possible level of rent extraction. Clearly, the solution to this problem is
e∗

λ2 = 0. Without the discipline of an upcoming election, the politician in period 2 exerts no

7Thus, in contrast to many models of electoral competition, electoral uncertainty in this model derives not
from uncertainty about the distribution of ideological preferences, but from the fact that the incumbent does
not know the realization ofθλ when she chooses her effort level in period 1.
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effort, thus extracting maximum possible rents from the budget for public goods. Follow-
ing equation (1), period-2 public-goods production is therefore determined entirely by the
competence of the politician in power after the election, and by the exogenous variablekλ2:
gλ2 = kλ2 + θλ . Consequently, voters have an interest in returning competent incumbents
to power.

In particular, expression (2), which gives the condition for voteri in locality λ to vote
to reelect the incumbent, reduces to:

E(αλ (kλ2 +θλ ) | incumbent wins)> δiλ +E(αλ (kλ2 +θλ ) | challenger wins) (4)

⇒ αλ E(θλ | incumbent wins)> δiλ (5)

where we recall thatE (θλ ) = 0 for the challenger. Establish notation such that variables
with tildas refer to voters’ beliefs about the competence of and effort expended by the
incumbent. Thus,̃θλ refers to the value ofθλ imputed by voters based on observed public-
goods productiongλ1 and their beliefs about what action has been taken by the incumbent,
ẽλ1, i.e. θ̃λ = θ̃λ (gλ1, ẽλ1) (with the specific function to be derived shortly). Then we can
rewrite 5 as:

δiλ < αλ θ̃λ (6)

Given thatδiλ is uniformly distributed on
[
− 1

2γλ
, 1

2γλ

]
, this implies that the share of voters

in locality λ supporting their local incumbent is:
1
2

+ γλ αλ θ̃λ (7)

whereγλ is the density ofδiλ , as discussed in the previous section.
In period 1, the incumbent politician in localityλ chooses the level of public-goods

provision to solve the following problem:

max
eλ1

Rf −c(eλ1)+Pr

(
1
2

+ γλ αλ θ̃λ >
1
2

)
·Rf (8)

⇒max
eλ1

Rf −c(eλ1)+Pr
(
θ̃λ > 0

)
·Rf (9)

where Pr
(1

2 + γλ αλ θ̃λ > 1
2

)
is the probability that the incumbent secures at least a majority

of votes and hence wins reelection.
Solving the incumbent’s choice problem thus reduces to deriving an expression for

Pr
(
θ̃λ > 0

)
. Observe first that voters’ beliefs about the competenceθ̃λ of the incumbent

are based on their observation of public-goods productiongλ1, their beliefs about the effort
expended by the incumbent ˜eλ1, and their knowledge of the exogenous parameterkλ1:

gλ1 = kλ1 + ẽλ1 + θ̃λ (10)

⇒ θ̃λ = gλ1−kλ1− ẽλ1 (11)

Sincegλ1 = θλ + eλ1 + kλ1, this implies that for allgλ1 that with positive probability
could be observed given voters’ beliefs about the incumbent’s action ˜eλ1 (i.e. allgλ1 on the
equilibrium path), voters’ estimates of the incumbent’s competence will be increasing in
her effort:

θ̃λ = (θλ +eλ1 +kλ1)−kλ1− ẽλ1 (12)

⇒ θ̃λ = θλ +eλ1− ẽλ1 (13)
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Note that any realization ofgλ1 within the interval[kλ1 +eλ1 + l ,kλ1 +eλ1 +h] can be
observed with positive probability, asθλ has a support of[l ,h]. Since voters’ beliefs
about the incumbent’s effort level are correct in equilibrium (as any Nash equilibrium
imposes the requirement that beliefs about actions be correct), this implies that for any
gλ1 ∈ [kλ1 + ẽλ1 + l ,kλ1 + ẽλ1 +h], voters will use expression (13) to impute the value of
θ̃λ .

To solve for the equilibrium, however, we must make some assumption about off-the-
equilibrium-path beliefs. A realistic conjecture is that if voters observe performance “im-
possibly high,” i.e. higher than possible given the incumbent politician’s equilibrium strat-
egy, then they will assume that competence takes its highest value, and that similarly if per-
formance is “impossibly low” they will assume the incumbent to be of the least-competent
type. The following assumption formalizes this intuition:

Assumption 1. For observations off the equilibrium path, i.e. for gλ1 /∈ [kλ1 + eλ1 + l ,
kλ1 +eλ1 +h], voters have the following beliefs about the type they are facing:

θ̃λ = h if gλ1 > kλ1 + ẽλ1 +h (14)

θ̃λ = l if gλ1 < kλ1 + ẽλ1 + l (15)

Assumption 1 is thus a monotonicity condition, as it implies, e.g., that voters would
never assume that performance ofgλ1 = ẽλ1 + kλ1 + h implies competence ofh, while
performance ofgλ1 > ẽλ1 + kλ1 + h implies competence of less thanh. Without this as-
sumption, implausible equilibria could be supported in which voters assumed that high
performance implied low competence, thus robbing the incumbent of the incentive to pro-
vide more effort than expected.

Together, equation (13) and Assumption 1 imply that voters have the following beliefs
about the type they are facing:

θ̃a = l if gλ1 < eλ1 +kλ1 + l

= θλ +eλ1− ẽλ1 if gλ1 ∈ [kλ1 +eλ1 + l ,kλ1 +eλ1 +h] (16)

= h if gλ1 > eλ1 +kλ1 +h

Sincel < 0 < h, we can write Pr
(
θ̃λ > 0

)
as:

Pr
(
θ̃λ > 0

)
= Pr(θλ +eλ1− ẽλ1 > 0) = Pr(θλ > ẽλ1−eλ1) (17)

Inserting (17) into the incumbent’s maximization problem (9) for period 1, differentiating
with respect toeλ1, and imposing the equilibrium condition that voters’ beliefs about the
incumbent’s action be correct, i.e. that ˜eλ1 = eλ1, we arrive at the equilibrium effort level
for the incumbent in the preelection period.

Proposition 1. In a decentralized system, the unique pure-strategy equilibrium consistent
with Assumption 1 has effort in period 1 defined by:

c′
(
e∗

λ1

)
= f (0) ·Rf (18)

where Rf ≡ v(r̄), the incumbent’s utility from the maximum possible rent extraction in a
decentralized system.

Proof. See above.
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We are primarily interested in how the level of political accountability (rents foregone,
or effort) in a decentralized system compares to that in different types of centralized sys-
tems, to be analyzed in the following subsections. However, two features of the solution
deserve immediate comment: First, the level of accountability in period 1 is increasing in
the degree to which the incumbent is able to extract rents in period 2,Rf ≡ v(r̄), and the
degree to which she values those rents. Second, the equilibrium level of accountability is
independent of the value that voters attach to public goods provisionαλ and the salience of
policy preferences captured byγλ . Thus, our result for a decentralized system is identical
to that in Persson and Tabellini (2000, ch. 9), despite the fact that voters in our model care
not only about public-goods provision but about other, “ideological,” concerns.

The latter point can be understood as follows: when an electorate cares about only one
policy arena over which the politician has control, differences among voters in their in-
herent (“ideological") preference for the challenger over the incumbent cancel out.8 Thus,
while some voters will require that the incumbent display extraordinary competence to
justify reelection, and others will be inclined to vote for her regardless of the efficiency
she displays in public-goods production, the probability that the incumbent is reelected re-
duces simply to the question of whether she exhibits more competence than the challenger
is expected to. As we will see, this “averaging out" does not hold when we assume true
multidimensional effort in our discussion of national majoritarian elections below.

National Provision of Public Goods – National “Electoral-College” Elec-
tions

When public-goods provision is instead carried out on the national level, it is the electoral
incentives of national politicians that determine the degree of political accountability. We
here first model national elections as in Seabright (1996) and Persson and Tabellini (2000,
ch. 9), implicitly assuming aggregation of the vote through some mechanism such as the
electoral college in the U.S.

In particular, assume that there are three localities. Taxes are collected from each lo-
cality, with the distribution of those revenues for local public goods set according to a
fixed and publicly known formula. Voters in localityλ can therefore impute competence
θλ in providing local public goods as before. (Note that while this is technically a model
of multidimensional competence, eachlocal election involves participation by voters who
care about competence along only one dimension.) The only difference from the model
with local provision of public goods is then that the incumbent politician must therefore
win a majority of the vote in two localities to be reelected. Given thatθλ is independently
distributed across localities, this implies a probability of winning:

Pr(incumbent wins| ea1,eb1,ec1) = papb + papc + pbpc−2papbpc (19)

wherepλ ≡ [1−F (ẽλ1−eλ1)].

8This is precisely true in this model, due to the assumption thatδiλ is uniformly distributed with expec-
tation zero: see equations (7) through (9). More generally, it will be true for any symmetric and continuous
distribution ofδiλ centered on zero, and nearly true for distributions that are approximately symmetric around
zero.
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DefiningRc ≡ 3v(r̄), the maximum level of rent extraction by a national politician in a
centralized system, the incumbent politician in period 1 thus solves:

max
eλ1

Rc−∑
λ

c(eλ1)+Pr(incumbent wins| ea1,eb1,ec1) ·Rc (20)

giving us the following result.

Proposition 2. In a centralized system with three localities, where votes in national elec-
tions are aggregated through an “electoral-college” mechanism, the unique pure-strategy
equilibrium consistent with Assumption 1 has effort in period 1 defined by:

c′
(
e∗

λ1

)
= f (0) ·2[1−F (0)]F (0) ·Rc (21)

where Rc is the incumbent’s utility from the maximum possible rent extraction in a central-
ized system.

Proof. See above, and note that in equilibrium (where ˜eλ1−eλ1):

∂ Pr(incumbent wins| ea1,eb1,ec1)
∂eλ1

= 2 f (0) [1−F (0)]−2 f (0) [1−F (0)]2 (22)

= f (0) ·2[1−F (0)]F (0)

giving us the result.

Comparing Propositions 1 and 2, we see that relative to a federalist arrangement, cen-
tralization with national electoral-college elections may result in less political accountabil-
ity. On the one hand, period-2 rentsRc = 3r̄ are greater thanRf = r̄, so the payoff from
reelection is greater for a national than a local politician. On the other, the fact that the
incumbent need only win in two localities weakens the link between accountability and
reelection, since voter satisfaction in a locality matters only if that locality is pivotal. This
happens with probability 2[1−F (0)]F (0), which is less than12 for any distributionF (.).9

In essence, a nationally elected incumbent need win the votes of only half the voters in
half the localities, thus reducing the incentive to exert effort to increase the efficiency of
public-goods production. It is this latter conclusion that leads Seabright (1996) and Pers-
son and Tabellini (2000, ch. 9) to conclude that centralization may entail a loss of political
accountability. As the following subsection demonstrates, this result does not hold when
we consider instead national majoritarian elections.

National Provision of Public Goods – National Majoritarian Elections

Let there now be two localitiesλ = a,b, with the total size of the population(Na +NB) =
1 normalized to one. The politician chooses the level of foregone rents (effort) in each
locality, with voters in localityλ voting for reelection using condition (6). With the share
of voters in each locality supporting reelection (7) the same as before, this implies that the
total vote received by the incumbent in a national majoritarian election is:

1
2

+Naγaαaθ̃a +Nbγbαbθ̃b (23)

9To see this, use the fact thatF (0) ∈ [0,1], observing that forx∈ [0,1], maxx 2x(1−x) = 1
2.
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Observe that it is the assumption that voters are heterogeneous in some other (“ideo-
logical”) concern that makes it possible to talk about national majoritarian elections. When
voters in a locality care only about public-goods production, then every voter in that lo-
cality uses the same rule in deciding whether or not to reelect: compare the incumbent’s
perceived competence in public-goods production with the challenger’s expected compe-
tence. In such an environment, the only reasonable way to “add up” votes in a national
election is to assume that the incumbent must win a majority oflocalities (since in ev-
ery locality all voters vote identically). In contrast, the environment in this paper permits
consideration of elections in which votes are aggregated directly and the incumbent’s vote
share iscontinuousin her perceived competence, as in equation (23).

For notational simplicity, define the new variableZλ = Nλ γλ αλ , so that the number of
voters supporting the incumbent is1

2 +Zaθ̃a +Zbθ̃b. Then the probability that the incum-
bent wins, which is the probability that her vote share is at least1

2, is

Pr[
1
2

+Zaθ̃a +Zbθ̃b ≥
1
2
] = Pr(Zaθ̃a +Zbθ̃b ≥ 0) (24)

In national majoritarian elections, the incumbent’s reelection probability is increasing in a
weighted average of her perceived competence in producing public goods in each locality.
The weightsNλ γλ αλ capture the idea that perceived competence in producing public goods
for large municipalities whose residents care about public-goods production (both relative
to other concerns, and in absolute terms) matters more for the incumbent’s reelection proba-
bility than perceived competence in producing public goods for small municipalities whose
residents care little about public-goods production.

Before solving for the equilibrium level of effort in each locality in period 1, we intro-
duce some notation:

f̄ (y)≡
∫ ∞

−∞
f (yθλ ) f (θλ )dθλ (25)

Note that f̄ (y) is always greater than zero, since it is simply a sort of “average density” of
a random variable.

Proposition 3. In a centralized system where votes in national elections are aggregated
directly through a majoritarian system, the unique pure-strategy equilibrium consistent
with Assumption 1 has effort in period 1 defined by:

c′(e∗a1) = f̄ (−Zb

Za
) ·Rc (26)

c′(e∗b1) = f̄ (−Za

Zb
) ·Rc

where Zλ = Nλ γλ αλ , and Rc is the incumbent’s utility from the maximum possible rent
extraction in a centralized system

Proof. See appendix.

To interpret Proposition 3, begin by considering the case where localities have equal
political importance, in the sense that the weightsNaγaαa andNbγbαb are equal. (Clearly,
a sufficient condition for this to hold is that the localities are of equal size and thatγa = γb
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andαa = αb.) Then Proposition 1 implies:

c′
(
e∗

λ1

)
= f̄ (−1) ·Rc =

∫ ∞

−∞
f (−θλ ) f (θλ )dθλ ·Rc (27)

As noted before,
∫ ∞
−∞ f (−θλ ) f (θλ )dθλ is a type of “average density” ofθλ . If we thus

further assume thatF (.) is symmetric, then
∫ ∞
−∞ f (−θλ ) f (θλ )dθλ = f (0), implying rents

foregone of:
c′

(
e∗

λ1

)
= f (0) ·Rc (28)

Comparing (28) with (18), we see that under the assumption of symmetry of localities
and symmetry of the distribution ofθλ , the level of rents foregone is unambiguously higher
with centralization of public-goods provision and national majoritarian elections. (Recall
thatRc > Rf , since a politician in a centralized system benefits from rent extraction from
multiple localities.10) It is the aggregation mechanism of the electoral college that breaks
the link between political accountability and the probability of reelection, not national elec-
tionsper se. While there may be other advantages to decentralization (reviewed in Section
5 below), the advantages of centralization should be less when votes for national politicians
are aggregated directly, as such elections maintain the connection between political perfor-
mance and political survival that is weakened with institutions such as the electoral college
in the U.S.

These observations are summarized in the following proposition:

Proposition 4. In a centralized system where votes in national elections are aggregated
directly through a majoritarian system, with Naγaαa = Nbγbαb and the distribution ofθλ

symmetric around E(θλ ) = 0, centralization unambiguously results in greater political
accountability than decentralization.

Proof. Omitted.

4 Spillovers

The previous section suggests a new rationale for centralization of public-goods provision:
when votes in national elections are aggregated through a majoritarian system, nationally
elected politicians may have a greater incentive (because of the greater rents earned from re-
election) than locally elected politicians to provide public goods efficiently. This incentive
is weakened when votes in national elections are aggregated through an electoral-college
mechanism, as effort expended in any individual locality may be wasted if that locality
proves not to be pivotal.

How do these results square with traditional justifications for centralization? Among the
most common arguments for central provision of public goods is the presence of spillovers,
or externalities, across jurisdictions. Nationally elected politicians, it is alleged, have
greater incentive to provide public goods which affect voters in more than one locality.
In essence, a bridge crossing the Mississippi at St. Louis is be more likely to be built by

10Our technical assumption that there are three localities in a centralized system with national electoral-
college elections, and only two with national majoritarian elections, implies thatRc is defined differently for
the two cases. This, however, is immaterial to our qualitative results, since we only need show thatRc > Rf .
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the federal government than by either Missouri or Illinois, since neither state would fully
capture the benefit of the bridge.11.

The present section demonstrates that, whatever the incentive of national governments
to assess taxes to provide for national public goods, an increase in spillovers does not
necessarily improve the accountability of nationally elected politicians in producing those
goods, whatever the electoral system operating at the national level. Rather, what matters is
therelativeweight that voters across all localities put on production of one public good over
another. Thus, an increase in spillovers from one public good may increase accountability
in producing that good (since voters in localities other than that where the good is produced
now value its production more highly), butdecreaseaccountability in production of other
goods.

To see this, we modify the model above to distinguish between the locality in which
a voter resides, and the geographic distribution of benefits from production of a public
good. In particular, letgλ t refer to the production of one of two public goodsλ = a,b
at time t, where we no longer restrict public good production and consumption to any
particular locality. Instead, public goods are valued to a greater or lesser degree by voters in
J localities, where we index localitiesj = 1,2, .... Let α jλ be the marginal benefit received
by voters in localityj from production of goodλ . Localities are of sizeNj , with ∑J Nj = 1.

When public-goods provision is decentralized, then the local officials where production
takes place consider only their own constituents’ preferences, ignoring any spillovers to
other jurisdictions. The analysis in that case follows Section 3 above. In contrast, with
centralized provision, national politicians understand that voters in localities other than
those where public goods are produced may value their competence in the production of
those goods. Their incentives to exert effort to appear more competent are thus potentially
affected by the preferences of voters in these spillover districts.

We focus first on national majoritarian elections; below, we show how the model can
also be used to analyze national electoral-college elections. Since the incumbent is re-
sponsible for both public goods, voters take into consideration the incumbent’s perceived
competencẽθa andθ̃b in producing each good, as well as their inherent preference for the
challenger over the incumbent. Letδi j refer to the ideological preference of voteri in lo-
cality j for the challenger. Then, analogously to expression 2, we can write the condition
for a voter in localityj to support for incumbent for reelection as:

E(α jaga2 +α jbgb2 | incumbent wins) (29)

> δi j +E(α jaxa2 +α jbxb2 | challenger wins)

If we continue to assume that ideological preferences are distributed independently
across localities, and uniformly within a locality over the interval[− 1

2γ j
, 1

2γ j
], then anal-

ysis identical to that in Section 3 implies that the proportion of all voters supporting the
incumbent given the incumbent’s imputed competenceθ̃a andθ̃b is:

1
2

+∑
j

Njγ j
(
α jaθ̃a +α jbθ̃b

)
(30)

11For discussion, see Oates (1972).
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Definingzλ = ∑ j Njγ jα jλ , the probability that the incumbent wins is thus:

Pr[
1
2

+zaθ̃a +zbθ̃b ≥
1
2
] = Pr(zaθ̃a +zbθ̃b ≥ 0) (31)

Clearly, this probability is exactly analogous to (24). Thus, the equilibrium here is isomor-
phic to that in Proposition 3, where the terms inzλ replace those inZλ .

We are interested in how changes in the parameters of the model, captured in the frac-
tion za

zb
, affect the incentive of the incumbent to be accountable in the production of each

public good. The following assumption allows the derivation of such comparative statics.

Assumption 2. ∂ f̄ (y)
∂y =

∫
θλ f ′(yθλ ) f (θλ )dθλ > 0 if y < 0

A sufficient (but not necessary) condition for Assumption 2 to hold is thatf (θλ ) is
a single-peaked distribution with its peak at zero, as forθλ to the left of zero,θλ < 0
and f ′(yθλ ) ≤ 0, while to the right of zero the opposite is true. In the present context,
Assumption 1 says thatea1 andeb1 are substitutes: an increase inea1 decreases the marginal
electoral return toeb1, and vice-versa. One distribution which does not satisfy Assumption
2 is the uniform distribution: ifθλ is distributed uniformly the marginal electoral return
to effort is constant, i.e. independent of the level of effort in either sector. A U-shaped
distribution would not satisfy Assumption 2, but it seems empirically unlikely that extreme
competence would be more common than average competence.

Proposition 5. In majoritarian elections where voters value competence in production of
two public goods and Assumptions 1 and 2 hold, an increase in the weight zλ = ∑ j Njγ jα jλ
that voters collectively give to production of goodλ increases the incentive for the incum-
bent to provide effort eλ in producing goodλ , and decreases the incentive to provide effort
e−λ in producing good−λ .

Proof. The proposition is a straightforward implication of Proposition 3 and Assumption
2.

Proposition 5 can be understood as follows. Roughly speaking, “total” electoral re-
turns from effort are capped by the equilibrium condition that voters are not fooled by the
incumbent’s attempt to appear more competent than she actually is. Withrelative elec-
toral returns determined by the weightsza andzb, the incumbent chooses the allocation of
effort across production of the two public goods to most efficiently achieve her equilib-
rium probability of reelection. A change in any of the parameters that define the collective
weight za andzb that voters place on production of the two public goods matters only if
it changes therelative importance of one good vs. the other. This implies the following
corollary, which is illustrated with two examples; the second of the two examples shows
how national electoral-college elections can be analyzed in the present framework.

Corollary 1. In majoritarian elections, an increase in spillovers that leavesza
zb

unchanged
has no impact on incentives to provide effort ea and eb.

Proof. Omitted.
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Example 1. Assume national majoritarian elections with three localities of equal size, in-
dexed j= 1,2,3. Production of public good a takes place in locality1, and production of
public good b takes place in locality 3. Let voters receive marginal utility ofα from the pro-
duction of “own” public goods, and marginal utility ofβ from production of public goods
produced in other localities. If we assume that the distribution of ideological preferences
δi j is identical across localities j, so thatγ j = γ for all j, then we can calculate the weight
that voters collectively place on production of public goods a and b as:

za = Nγα +Nγβ +Nγβ = Nγ (α +2β ) (32)

zb = Nγβ +Nγβ +Nγα = Nγ (α +2β ) (33)

Thenza
zb

= Nγ(α+2β )
Nγ(α+2β ) = 1, so that an increase in spilloversβ leavesza

zb
unchanged.

Example 2. Assume an institutional environment analogous to that in Example 1, but with
national elections that operate according to an electoral-college rule. The probability that
the incumbent wins is given by:

Pr(incumbent wins| ea1,eb1) = p1p2 + p1p3 + p2p3−2p1p2p3 (34)

where:

p1 ≡ Pr(Nγαθ̃a +Nγβ θ̃b ≥ 0) (35)

p2 ≡ Pr(Nγβ θ̃a +Nγβ θ̃b ≥ 0) (36)

p3 ≡ Pr(Nγαθ̃a +Nγβ θ̃b ≥ 0) (37)

Then, following the proof to Proposition 3, the derivative ofPr(incumbent wins| ea1,eb1)
with respect to, e.g., ea1 can be calculated as:[

f̄

(
−β

a

)
+ f̄

(
−β

β

)
+ f̄

(
−α

β

)]
2p(1− p) (38)

The three terms in brackets capture the impact of an increase in spilloversβ on the incen-
tive to produce effort in producing public good a in localities 1, 2, and 3, respectively:

1. An increase inβ decreases the incentive to provide public good a for the sake of
voters in locality 1, since voters there now place relatively more weight on production
of public good b (production of which spills over from locality 3 to locality 1);

2. An increase inβ has no effect on the incentive to provide public good a for the sake of
voters in locality 2, since a general increase in spilloversβ also increases the value
of public good b to locality 2, leaving unchanged the relative importance of the two
public goods to voters in that locality.

3. An increase inβ increases the incentive to provide public good a for the sake of
voters in locality 3, since voters there now place relatively more weight on production
of public good a (production of which spills over from locality 1 to locality 3).

In principle, additional assumptions could be placed on the distribution ofθλ to show

that f̄
(
−β

a

)
+ f̄

(
−α

β

)
= 0. However, the general tendency seems clear: as with national

majoritarian elections, when national elections operate according to an electoral-college
rule, an increase in spillovers does not necessarily result in more efficient public-goods
production.
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Thus, an increase in spillovers that affects the two public goods equally results in no
change in incumbent behavior with national majoritarian elections, and likely minimal
change with national electoral-college elections. In contrast, an asymmetric increase in
spillovers results in a reallocation of effort away from one public good towards the other,
as the following corollary states.

Corollary 2. In majoritarian elections, an increase in spillovers from production of one
public good increases effort in production of that good, while decreasing effort in produc-
tion of the other.

Proof. An increase in spillovers from production of public goodλ implies an increase in
α jλ for somej, increasingzλ = ∑ j Njγ jα jλ while leavingz−λ = ∑ j Njγ jα j−λ unchanged.
The result then follows from Proposition 5.

Examination of Example 2 shows that this logic carries over to electoral-college elec-
tions. Thus, rather than improving political accountability overall, an increase in spillovers
from one public good increases accountability in production of that good, while reducing
it in production of the other.

Overall, the analysis of this section give little reason to suspect that the presence of
spillovers affects the basic results of Section 3. It does, however, raise questions about the
claim that central governments are better motivated to deal with spillovers than are local
governments.

5 Discussion

The literature on federalism stresses many possible advantages to decentralization, among
which the purportedly greater accountability of local politicians is only one. In particular,
scholars and observers have stressed the role that decentralization can play in facilitating
better matching between citizen preferences and the level and type of public-goods pro-
vision (Tiebout, 1956; Musgrave, 1959; Oates, 1972), in encouraging experimentation by
local jurisdiction (producing what Justice Louis Brandeis famously called “laboratories of
democracy”) (Osborne, 1988; Morehouse and Jewell, 2004), and in encouraging political
participation (Inman and Rubinfeld, 1997).

Sustained analysis over many years has led to a better understanding of the conditions
under which these advantages are most apparent. For example, while Tiebout-like mobility
is not essential for decentralization to lead to better matching of citizen preferences with
public goods provision, mobility will normally enhance this effect. The fact that for var-
ious reasons the U.S. labor force is more geographically mobile than that in many other
countries suggests that the positive impact of decentralization is likely to unusually large
in the United States (see Oates (1999) for discussion).

The results in this paper can be read in the same light. Whether decentralized provi-
sion of public goods encourages greater political accountability depends on the benchmark
level of political accountability under centralization, which in turn depends on the means
of electing national politicians. By weakening the link between performance and reelec-
tion probability, the U.S. electoral college provides a rationale for decentralization absent
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when national elections instead operate according to a majoritarian principle. Again, de-
centralization seems to be particularly suited to the institutional environment present in the
U.S.

Earlier we discussed the disappointing results of decentralization in Russia. It is per-
haps instructive to note that Russia not only has large barriers to geographic mobility (An-
drienko and Guriev, 2002), but also elects its president in majoritarian elections.

Beyond any substantive contribution to the literature on the merits and demerits of
decentralization, this paper provides a framework for analysis of the allocation of effort
among competing tasks by an incumbent politician running for reelection. As noted in
Section 1, existing models of politicians’ “career concerns” focus almost exclusively on
the provision of effort to one task.

The model presented above can be easily incorporated to accommodate any political-
economic environment in which government performance in policy arenaλ at timet takes
the form:

gλ t = kλ t +eλ t +θλ

wherekλ t is some exogenous parameter,eλ t is effort provided by the politician in power,
andθλ is that politician’s competence in providing the good or service in question. The
details of the institutional environment are captured in the weightszλ that in equilibrium
determine the allocation of effort across competing tasks. In principle, these weights can
be any function of the parameters of the model so long as they are derived in the process
of “adding up" the incumbent’s total vote across voter groups. As in Section 4, the im-
pact of changes in the institutional environment on effort in each policy arena can then be
determined.

One question that seems especially ripe for analysis using the tools in this paper is the
dependence of political business cycles on the broader institutional context. The theory
of rational political business cycles explains election-year inflation (effort, in the context
of this paper) as an attempt by the politician to increase output (government performance)
and thus voters’ evaluation of her competence in economic policy.12 As suggested by Tufte
(1978) in work that predates the literature on rational political business cycles, one might
expect the amplitude of particular waves of the political business cycle to depend on the
prevailing political environment. While this insight has formed the foundation for emerging
research on “context-conditional electoral and partisan cycles” (Franzese, Jr., 2002), the
theoretical foundations of those cycles are not yet firmly established. The model presented
here may provide a framework for thinking about the incentive to inflate when voters care
not only about output but about other facets of government performance which depend on
an elected politician’s actions and competence.

Appendix: Proof of Proposition 3

Focus onea1; the proof foreb1 is analogous. Assumption 1 says that voters have beliefs as
in (16) about the type they are facing, given observed performancega1 and beliefs about

12The seminal work is Rogoff and Sibert (1988), Rogoff (1990), and Persson and Tabellini (1990), all
signaling models. Lohmann (1998) adapts the basic story to a career-concerns context.
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the action taken by the incumbent ˜ea1. Anticipating this, the incumbent can formulate her
probability of winning, i.e. Pr(Zaθ̃a + Zbθ̃b ≥ 0). Taking beliefs about the incumbent’s
choice of effortẽa1 in arenaa and competencẽθb in arenab for the moment as given,
Pr(Zaθ̃a +Zbθ̃b ≥ 0) can be expressed forea1 ≤ ẽa1 as:∫ l+ẽa1−ea1

l
1(l ≥−Zb

Za
θ̃b) f (θa)dθa+ (39)∫ h

l+ẽa1−ea1

1(θa +ea1− ẽa1 ≥−Zb

Za
θ̃b) f (θa)dθa

where1(.) is the indicator function, which takes a value of one if the statement is true,
and zero otherwise. The first term of this expression represents observations ofga1 off the
equilibrium path, i.e.ga1 < ẽa1 +ka1 + l , the second observations on the equilibrium path.
Sinceθ̃a = l if ga1 < ẽa1+ka1+ l , it will be true thatZaθ̃a+Zbθ̃b≥ 0 for all observations off
the equilibrium path iffl ≥ −Zb

Za
θ̃b. In contrast, for observations on the equilibrium path,

θ̃a = θa + ea1− ẽa1, implying that the incumbent politician will win iffθa + ea1− ẽa1 ≥
−Zb

Za
θ̃b.

Thus, we can express (39) in terms of realizations of the random variableθ̃b. (Recall
that perceived competencẽθb is a function of actual competenceθb, which is a random
variable, and thatθa andθb are distributed independently.) Forθ̃b ≥ −Za

Zb
l , the indicator

function takes on a value of one for all realizations ofθa in both the first and second terms
in (39), implying that forθ̃b ≥ −Za

Zb
l the incumbent wins with probability equal to one. In

contrast, ifθ̃b < −Za
Zb

l , then the indicator function in the first term equals zero, and the

statement in the second term will be true only forθa≥ ẽa1−ea1− Zb
Za

θ̃b. No longer holding

θ̃b constant, we can thus write (39) as:∫
θ̃b<−Za

Zb
l
[1−Fa(ẽa1−ea1−

Zb

Za
θ̃b)] f (θb)dθb +

∫
θ̃b≥−Za

Zb
l
1· f (θb)dθb (40)

where for the sake of clarity we denote the cdf ofθa asFa. For realizations of̃θb sufficiently
low, the probability of winning is strictly less than one. However, for high realizations of
θ̃b, even very low competenceθa will not keep the incumbent from winning.

Similarly, we can derive Pr(Zaθ̃a +Zbθ̃b ≥ 0) for ea1 ≥ ẽa1 as:∫
θ̃b<−Za

Zb
h
0· f (θb)dθb +

∫
θ̃b≥−Za

Zb
h
[1−Fa(ẽa1−ea1−

Zb

Za
θ̃b)] f (θb)dθb (41)

Taken together, (40) and (41) define a continuous, differentiable function ofeL1. Taking
the derivative of this function and applying the equilibrium condition that ˜ea1 = ea1, as well
as the equilibrium condition that̃θb = θb (sinceθ̃b = θb + eb1− ẽb1, and in equilibrium
ẽb1 = eb1), we have:

∂ Pr(Zaθ̃a +Zbθ̃b ≥ 0)
∂ea1

=
∫

θb∈[−Za
Zb

h,Za
Zb

l ]
f (−Zb

Za
θb) f (θb)dθb

=
∫

f (−Zb

Za
θb) f (θb)dθb (42)

= f̄ (−Zb

Za
θb)
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where we recall thatθa andθb are identically distributed. The second equality follows from
the fact thatθb is defined over a support of[l ,h], so that integrating overθb ∈ [−Za

Zb
h, Za

Zb
l ]

does not in any way limit the realizations ofθb for which f (−Zb
Za

θb) > 0, and the third
equality makes use of the definition of̄f . Multiplying by Rc and setting this equal to the
derivative of the cost function defines the unique equilibrium level of efforte∗a1.
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