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ABSTRACT

Centralization and Accountability: Theory and Evidence from the
Clean Air Act*

This paper studies fiscal federalism when regions differ in voters’ ability to
monitor public officials. We develop a model of political agency in which rent-
seeking politicians provide public goods to win support from heterogeneously
informed voters. In equilibrium, voter information increases government
accountability but displays decreasing returns. Therefore, political
centralization reduces aggregate rent extraction when voter information varies
across regions. It increases welfare as long as the central government is
required to provide public goods uniformly across regions. The need for
uniformity implies an endogenous trade off between reducing rents through
centralization  and  matching  idiosyncratic  preferences  through
decentralization. We find that a federal structure with overlapping levels of
government can be optimal only if regional differences in accountability are
sufficiently large. The model predicts that less informed regions should reap
greater benefits when the central government sets a uniform policy.
Consistent with our theory, we present empirical evidence that less informed
states enjoyed faster declines in pollution after the 1970 Clean Air Act
centralized environmental policy at the federal level.
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1 Introduction

Two former governors of a U.S. state, Don Siegelman of Alabama and Rod Blagojevich of
Illinois, are currently serving sentences in federal prison following conviction for corruption.
Since the Second World War, eight more state governors as well as nine members of state
executives have been similarly convicted of acts of official corruption and sentenced to jail.
During the same period, no president of the United States nor any member of the federal
cabinet has been charged with crimes investigated by the Department of Justice as part of
the federal prosecution of public corruption.

History lends broader support to the view that corruption is more widespread in state
and local governments than at the federal level. By introducing federal oversight of welfare
spending, the New Deal eradicated the patronage and political manipulation that had hith-
erto characterized relief programs managed by the states and localities (Wallis 2000, 2006;
Wallis, Fishback, and Kantor 2006). Thus, the most dramatic episode of centralization in
U.S. history achieved a striking decrease in corruption.

International evidence highlights other instances of a positive impact of political central-
ization on government accountability. Centralized political institutions in precolonial Africa
reduced corruption and fostered the rule of law. They caused a long-lasting increase in the
provision of public goods that endured into the postcolonial period (Gennaioli and Rainer
2007a,b). Fiscal centralization was a key element in the modernization of European states.
It proved a necessary step for the consolidation of state capacity, which was in turn a critical
determinant of economic development (Dincecco 2009, 2011; Besley and Persson 2011; Gen-
naioli and Voth 2011; Dincecco and Katz 2013). In recent decades, Blanchard and Shleifer
(2001) argue that China grew faster than Russia thanks to the greater strength of its central
government vis & vis local politicians.!

In this paper, we present a theoretical model that explains how centralization can enhance
government accountability. We build on the observation that voters in different regions
are unequally capable of holding politicians accountable. Three out of ten state governors
convicted of corruption were from Illinois. More systematically, Glaeser and Saks (2006)
document that the rate of official corruption from 1976 to 2002 was five times lower in
Oregon than in Alaska, Mississippi, or Louisiana. When such disparate regions are united
in a single national polity, we find that the federal executive is held accountable mainly by
the most capable voters. As a consequence, his incentives and performance are better than

those of the average local politician.

! Contemporary cross-country studies of decentralization and perceived corruption have yielded conflicting
results (Treisman 2007; Fan, Lin, and Treisman 2009).



In our model, self-interest politicians can extract wasteful private rents instead of provid-
ing public goods. Such rent-seeking behavior is constrained by electoral discipline. Career
concerns induce the incumbent to provide public goods so that informed citizens derive a
positive inference of his ability and vote for his re-election. In equilibrium, politicians extract
lower rents if voters are better informed.

In a dynamic framework we prove that the link between voter information and political
accountability is subject to decreasing returns. The expectation of closer scrutiny in the
future reduces the appeal of re-election and therefore the effectiveness of tighter current
monitoring. Decreasing returns to voter information imply that national elections provide
much better incentives than local elections in the least informed regions, and not much worse
than in the most informed ones. Centralization thus increases overall efficiency by reducing
aggregate political rents.

Our finding of accountability gains from centralization is novel in the literature on the
political economy of fiscal federalism. Prior work has mostly emphasized the advantages of
decentralization (Lockwood 2006). In particular, Besley and Case (1995) and Besley and
Smart (2007) have studied how yardstick competition across local jurisdictions can make
decentralized government more accountable.?

Our model also accounts for the regional distribution of the efficiency gains from cen-
tralization. When the central government provides public goods uniformly throughout the
union, lower-information regions enjoy a transfer of accountability from their more informed
partners. We prove that a region’s welfare gains from centralization are then strictly de-
creasing in its residents’ information.

We present empirical evidence supporting this theoretical prediction in the context of U.S.
environmental policy. The Clean Air Act of 1970 transferred responsibility for pollution
regulation from the state and local governments to the federal Environmental Protection
Agency. A difference-in-differences analysis establishes that pollutant emissions began to
decline, relative to pre-existing trends, considerably faster in states with lower newspaper
circulation after national air-quality standards were introduced.

The predictions of our model are antithetical if the central government can provide public
goods dishomogeneously across regions. Then higher-information regions enjoy a transfer of
power from their less informed peers. The central government targets discretionary spending
to the informed voters who monitor it most closely. This theoretical prediction is borne out

by empirical evidence that discretionary New Deal funds were disproportionately allocated

2Conversely, the central government could be less susceptible to capture by special interest groups. How-
ever, formal analysis of this possibility has reached ambiguous conclusions (Bardhan and Mookherjee 2000,
2006a,b).



to more informed counties within each state (Stromberg 2004).

Our theory highlights the importance of striking a balance between uniform and discre-
tionary public goods provision at the central level. Without any uniformity, centralization
would be welfare reducing despite the associated reduction in political rents because it en-
tails regressive redistribution. With sufficient uniformity, instead, centralization increases
aggregate welfare. Given the right balance between uniform and discretionary items, we find
that centralization can even be a Pareto improvement over decentralization.

The distributive tensions that underpin Pareto-improving centralization chime with the
pattern of interregional political discourse in the United States, and even more so in the
European Union. Better informed states in the North must be transferring accountability
to the South through the provision of some uniform public goods. Thus, it is natural they
should complain of a drain on their resources and a pollution of their own institutional
quality. At the same time, less informed states in the South must be losing power through
the provision of some discretionary public goods. Hence their expected complaint that the
North plays a privileged role in setting union-wide policy priorities and imposing them on
southern states.

We extend our framework to consider region-specific preferences for different public goods.
Our model then entails a trade off between higher preference-matching under decentralization
and higher efficiency under centralization. A similar trade off has long been a focus of
the economic analysis of fiscal federalism (Oates 1972, 1999). However, the classic theory
posits as exogenous technological forces both economies of scale from centralization and a
uniformity requirement for centralized public-good provision. Instead, our model of political
agency microfounds both forces as endogenous outcomes. Centralization raises efficiency by
reducing rent extraction, but it needs to be subject to a uniformity constraint or else it would
reduce welfare by inducing regressive redistribution.

Our model entails economies of scope in government activity. When a politician is tasked
with providing a broader set of public goods and assigned a proportionately larger budget,
he dissipates a lower fraction of it as rents. Hence, we find that the division of powers
between multiple levels of government is liable to increase rent extraction. This result is
consistent with cross-country evidence that reported bribery increases with the number of
administrative tiers (Fan, Lin, and Treisman 2009).

As a consequence of economies of scope we show that a true federal structure, with both
a central and a regional level of government, can be welfare maximizing only if differences
in voter information across regions are sufficiently large. Hence, our model suggests that it
is far from a coincidence that government accountability should vary so widely across the

United States or the European Union. On the contrary, such heterogeneity may be the very



reason why a federal structure with overlapping layers of government is desirable.

We find that the least informed regions are those the benefit the most from dividing
powers between a central federal government and decentralized local ones. The best informed
regions would prefer instead complete centralization, or else complete decentralization. The
predicted pattern is consistent with the observation that southern U.S. states, which have
lower voter information and government accountability than the average, also tend to be the
most vocal in their support for federalism and opposition to further expansion of the powers
of the federal government.

In a final extension, we introduce spillovers in public goods across regions. We find
that externalities raise the benefits of centralization through three forces. First, they induce
the selection of better politicians. Unlike voters in local elections, the national electorate
internalizes all the benefits of politicians’ competence. Therefore, it is keener on screening
politicians for their skills. Second, this very mechanism induces a further improvement in
politicians’ incentives due to career concerns. Third, the central politician allocates efficiently
the government budget, net of rent extraction, while local politicians underprovide public
goods that generate spillovers.

The remainder of the paper is organized as follows. Section 2 sets up our model of
political career concerns. Section 3 solves for its equilibrium and establishes positive but
decreasing returns to voter information. Section 4 applies the model to multiple regions and
compares rent extraction and government productivity under centralization and decentral-
ization. Section 5 characterizes the welfare ranking of centralization and decentralization,
both from the aggregate perspective and for each region separately. In Section 6 we intro-
duce heterogeneous preferences and analyze the endogenous trade off between efficiency and
preference-matching. Section 7 studies a federal structure that divides powers between a
central government and decentralized local governments. Section 8 considers interregional
externalities. Section 9 presents our novel empirical evidence on U.S. environmental policy.

Section 10 concludes.

2 Political Agency and Public-Good Provision

The economy is populated by infinitely lived agents, whose preferences are separable over
time and additive in utility from private consumption and public goods. Individual 7 in

period t derives instantaneous utility



where g; is public-good provision, while 4! is utility from private consumption. We treat !
as an exogenous mean-zero shock and focus exclusively on public goods.?

Public goods are produced by the government with technology
gy = ety (2)

The production technology has constant returns to scale: z; measures per-capita investment
in public goods. We rule out economies of scale in public-good provision, which would
provide an immediate technological rationale for centralization.

Productivity 7, represents the stochastic competence of the incumbent politician in pro-

viding public goods. It follows a first-order moving average process
Ny = & + &1—1. (3)

The shocks ¢; are independent and identically distributed over time, and across politicians.
They have support [Z,£], mean zero and variance o?. This standard specification of the
stochastic process admits an intuitive interpretation in terms of infinitely lived political dy-
nasties or parties, composed of overlapping generations with independent competence. In
each period, the government consists of older leaders approaching retirement, whose compe-
tence is €;_1, and rising young politicians with competence ¢;, who will take over the party
leadership in the following period. Thus, the aggregate productivity of the ruling party is
M-

Politicians are self-interested rent-seekers. Their objective is to maximize the present
value of the rents they can extract while in office, discounted by the discount factor § € (0, 1].

Each period, the incumbent extracts a rent
Tty = b— Tt. (4)

The most immediate interpretation of rent extraction is pecuniary. The incumbent allocates
a given government budget b, invariant over time and subject to a balanced-budget con-
straint in each period. He spends an amount x; on public-good provision, while he devotes
the remainder r; to socially unproductive ends ranging from party finance to outright embez-
zlement. While this reading is perhaps the most intuitive, the model can identically represent
slacking instead of stealing. The incumbent enjoys an invariant exogenous reward b from

holding office, including compensation and perks as well as the “ego rent” of being in power.

3In the appendix we solve a more general version of the model with several distinct public goods. Results
are essentially unchanged.



However, he incurs a cost z; from exerting effort to provide public goods. Rent extraction
ry then captures politicians’ failure to work diligently in their constituents’ interest.

The incumbent faces reelection at the end of each period. If ousted he will never return to
power. Politicians lack the ability to make credible policy commitment, so the election is not
based on campaign promises, but rather on retrospective evaluation of the incumbent’s track
record. Current rent-extraction is disciplined by career concerns. The incumbent invests in
providing public goods because higher public-good provision raises voters’ inference of the
incumbent’s ability ¢; and thereby increases his chances of re-election (Holmstrom [1982]
1999; Persson and Tabellini 2000; Alesina and Tabellini 2008).

In the standard model of political career concerns, all voters have the same information
concerning policy outcomes, while none observes the politician’s choices underpinning them.
We assume that some voters fail to observe, or to understand, policy outcomes as well.
Thus, political incentives are shaped by the inferences of voters who reach the election with
heterogeneous information (Besley and Burgess 2002; Stromberg 2004; Glaeser, Ponzetto,
and Shapiro 2005; Ponzetto 2011; Glaeser and Ponzetto 2014; Ponzetto and Troiano 2014).

The timeline within each period ¢ is the following.

1. The incumbent politician’s past competence shock ;_; becomes common knowledge.

2. The incumbent chooses investment x;, and residually rent r;, without knowing the

realization of his period-¢ competence shock ¢;.

3. & is realized and the provision of public goods g; is determined. Each voter ¢ observes
g; with probability 6;; with probability 1 — #; he remains completely uninformed. The
arrival of information is independent across voters. No voter has any direct observation

of &4, 1y, or x;.

4. An election is held, pitting the incumbent against a single challenger, randomly drawn

from the same pool of potential office-holders.

The incumbent’s and the challenger’s competence shocks are known to be independent
draws from a common distribution. Moreover, voters have rational expectations that any
politician in every period will choose the same allocation Z, because the environment is
stationary and performance is separable in effort and ability.

Since no information about the challenger is available, all voters have identical rational

expectations that public-good provision if he wins the election is going to equal

Elog g, = logz + Enf,, = log 7. (5)



Uninformed voters also have no way of assessing the incumbent’s skill innovation ¢;, and
thus his future ability 1, ,. Hence they expect no difference in public-good provision whether

the incumbent is reelected or the challenger defeats him:
Ao =Elogg/,, — Elogg,, = 0. (6)

As a consequence, their voting behavior is not affected by the actual extent of public-good
provision. This could be because uninformed voters are simply unaware that public goods
affect their utility. This form of ignorance may be particularly natural for public goods
that generate long-run benefits, such as investments in education, research, or pollution
abatement. Citizens could also assess correctly the benefits of public goods, but fail to
recognize the extent to which public-good provision depends on the actions of the incumbent
politician and on his competence (Stromberg 2004).

Informed voters, instead, can use their knowledge of public-good provision g; to infer the

incumbent’s competence 7, and thus its long-lasting component &;:

E (n4119:) = E (g¢|g) = log g: — log & — ;1. (7)

In a rational-expectation equilibrium their inference turns out to be perfect (z; = ¥), accu-
rately revealing ¢,. Based on this inference, informed voters expect a difference in the utility

provided by a reelected incumbent relative to a victorious challenger equal to

Ay (g:) =E (log g/,1|9:) —Elog gty = E (n/41]9:) — Enfhy =log gr —logZ —ei-1. (8)

The electorate consists of a continuum of atomistic voters, which can be partitioned into
J groups. Group j comprises a fraction A; of voters, who have identical probability ¢; of
information acquisition. The voters’ average information is denoted by 6 = z;]:l A0,

We allow for an intensive margin of political support, following the probabilistic voting
approach (Lindbeck and Weibull 1987). Each voter’s preferences consist of two independent
elements. First, agents have preferences over the provision of public goods they expect
from either politician in the following period. These preferences are summarized by the
expected difference in utility from public goods A; (g:) € {Ao, A1 (g¢)}, depending on voter
1’s information about g;. Second, voters have preferences for candidates’ characteristics other
than their competence at providing public goods: e.g., oratorical skill, personal likability,
or party ideology. These preferences can be decomposed into a aggregate shock ¥, and an
independent idiosyncratic shock 1! which is i.i.d. across voters. Then voter i votes for the
incumbent if and only if A; (g¢) > W, + ol



The common shock to the incumbent’s popularity accounts for the aggregate uncertainty
in the electoral outcome. The idiosyncratic shock accounts for the imperfect predictability of
each agent’s voting decision. Both shocks are symmetric around zero, so idiosyncratic prefer-
ences do not lead voters to favor systematically either incumbents or challengers. Moreover,
neither the outcome of the election nor any voter’s ballot is perfectly predictable on the
basis of observed public-good provision g, alone.* Finally, we assume that both ¥, and !
are uniformly distributed.

The uniform density ¢ of the aggregate shock ¥; measures voters’ keenness on politicians’
competence, relative to their other characteristics that do not affect public-good provision.
When ¢ is high, relatively small differences in perceived competence translate into large
swings in electoral support. When ¢ is low, relatively large differences in perceived compe-
tence have a minor impact on electoral outcomes, which are instead mostly determined by

random tastes unrelated to public-good provision.

3 Government Accountability from Voter Information

The incumbent’s probability of re-election as a function of his policy choice x; equals

() = % + ¢f (log v, — log ) . (9)

This function summarizes the politician’s career concerns. The incumbent is exposed to the
uncertain realization of his own competence shock ¢; at the time of choosing the amount of
investment in public goods x;. By moderating rent extraction, he can raise informed voters’
inference of his ability regardless of its true realization. This increases raises the incumbent’s
chances of being re-elected and therefore continue to extract rents in future periods. Wider
voter awareness of policy outcomes makes the probability of re-election more sensitive to
investment in public goods. Thus, better voter information translates directly into sharper
career concerns for incumbent politicians.

Let R denote the value of re-election, which coincides with the endogenous present value
of expected future rents conditional on remaining in office. Then the trade-off between

current and future rent extraction leads the incumbent to extract rents equal to
r(R) = argmax {r; + Rr (b— 1)} = b— ¢0R. (10)
Tt

By equation (9), the equilibrium probability that the incumbent wins is 7 = 1/2 in

4Formally, the support of the voters’ preference shocks ¥, and wi is sufficiently wide, while the support
of the politicians’ competence shock ¢; is sufficiently narrow.

8



every election when voters have rational expectations (Z = x;). The politician does not have
any private information at the time of the policy choice. This rules out opportunities for
signaling. Voters with rational expectations cannot be fooled, and their preferences (¥, and
wi) do not display a systematic bias against incumbency nor in its favor. As a consequence,
a politician who rationally expects to extract a rent r whenever he is in office estimates a

net present value of re-election equal to

R@y:5w<gfr:;¥y (11)

t=0

because he also rationally expects equal chances of winning or losing each subsequent election.
Let p = /b € [0, 1] denote the fraction of the budget allocated to rents. Then we obtain
the following characterization of the stationary rational-expectation equilibrium of our model

of political career concerns.

Proposition 1 In equilibrium, ruling politicians extract rents

25\
=(14+—=0¢0 .
P ( a5 )
Rent extraction is a decreasing and convex function of voter information (0p/00 < 0 and

82p/06° > 0).

The proposition describes the effect of voter information on government accountability.
Intuitively, better information allows voters to monitor politicians more tightly. Voters can
reward the provision of public goods only if they accurately perceive and understand it. As
a consequence, voter information has a beneficial impact both on the moral-hazard problem
of politician incentives and on the adverse-selection problem of politician selection.

As voter awareness of public-good provision improves, career concerns sharpen politician’s
incentives and induce lower rent extraction (9p/0f < 0). This result accords with the
empirical finding that government performance improves with media scrutiny (Besley and
Burgess 2002; Adsera, Boix, and Payne 2003; Ferraz and Finan 2008; Snyder and Strémberg
2010; Ponzetto 2011).°

’The link between greater information and better governance does not suffice to create incentives for
agents to acquire political information, due to the paradox of the rational voter. Since each voter has
a negligible (in the model, precisely nil) chance of determining the outcome of the election, he also has
vanishing incentives to improve his own monitoring ability. Thus, the decision to acquire information 6
is not endogenous to the election game, but derives from exogenous characteristics of the electorate. In
particular, Putnam (1993) argues that newspaper readership reflects an individual’s civic involvement and
social capital.



Furthermore, Proposition 1 establishes that the beneficial impact of voter information
on rent extraction has decreasing returns (92?p/ 06° > 0). This key results follows from the
dynamic nature of the politician’s problem. The immediate impact of voter information on
rent extraction is linear, as shown in equation (10). For a given value of re-election R, more
informed voters induce one-to-one more productive investment and lower political rents. This
would be the entire effect of a purely transitory one-period increase in voter information.

However, in a dynamic setting, a permanent increase in voter information has an addi-
tional indirect effect. The politician understands he will be more closely monitored in the
future if re-elected. Therefore, the expected future rents from holding office decrease. Their
decline reduces the incentives to refrain from immediately extracting rents. Thus, the direct
effect of improved monitoring is mitigated. The higher the level of voters’ information 6,
the more sensitive current rent-extraction to the expectation of future rent. The decrease
in rent extraction ensuing from a marginal improvement in monitoring becomes smaller the
more voters are informed to begin with.

The economic intuition for decreasing returns to monitoring can be grasped most im-
mediately by comparing the extreme cases of government accountability. If no workers are
aware of public-good provision, career concerns are absent and rent extraction is unchecked
(6 = 0 = p = 1). Introducing a modicum of monitoring induces a forceful reaction by
politicians who are afraid of losing very large rents. At the opposite extreme, if all workers
perfectly observe public-good provision, career concerns are at their strongest but rent-
extraction cannot be reduced to zero (§ = 1 = p > 1). The incumbent politician always
extract some rent because it is only the appeal of future rent extraction that induces him to
make productive investments in the first place. Marginally worsening perfect monitoring has
but a small effect on politicians. Their career incentives are dampened by the very fact that
an active electorate keeps them constantly on their toes and makes incumbency of modest
value.

The description of the equilibrium is completed by the characterization of the equilibrium

competence of ruling politicians.

Corollary 1 In equilibrium, the expected competence of ruling politicians is
Ef), = o>,

An increase in voter information 0 raises the competence of ruling politicians 1), in the sense

of first-order stochastic dominance.

Elections provide not only politicians’ incentives but also a screening mechanism. The

10



expected competence of a ruling politician is above average (Ef), > 0) for all § > 0 because
voters tend to re-elect politicians who delivered an unexpectedly high level of public goods
and conversely to replace those who underperformed. As voter knowledge improves, the
mapping between public-good provision and the incumbent’s chances of re-election becomes
tighter. Thus, the effectiveness of the electoral selection mechanism rises with the share of
informed voters who cast their ballots based on inference of the incumbent’s skill.

Better incentives and better screening naturally combine to increase social welfare. In

equilibrium, welfare equals
Eu; =logb+log (1 — p) + [Ei),. (12)

It is an increasing and concave function of voter information (9Eu,;/00 > 0 and §*Eu;/ 86° <
0), mirroring the decreasing returns to monitoring depicted by Proposition 1.

Other determinants of government quality and social welfare are straightforward. Rent
extraction declines when politicians are more patient, for then they are more willing to
sacrifice current benefits for a higher probability of remaining in office in the future (0p/9§ <
0). Average competence increases with the variance of the population distribution of ability,
which measures the gains available from screening (9Ef),/dc? > 0). Finally, both incentives
and selection improve when voters are keener on competence and less likely to be swayed by
unrelated determinants of candidate popularity (9p/d¢ < 0 and 9E#),/d¢ > 0).°

4 Efficiency Benefits of Centralization

The main focus of our analysis is on the difference between centralized and decentralized
government control of public-good provision. Thus, we consider an economy divided into L
regions. With decentralized government, in each region [ a local politician with ability nft

independently invests in the provision of public goods xft and extracts rent

7'12 =b— xll?t. (13)

6The findings of Proposition 1, however, do not hinge on the assumption that voters have preferences for
candidate characteristics other than competence at providing public goods. They would not be materially
affected if we assumed instead that the representative voter cares exclusively about politicians’ competence
and is informed of public-good provision g; with probability §. Rent extraction is exactly unchanged as
long as e; has a distribution that is symmetric around the origin and has density ¢ at zero. Indeed, if the
distribution is uniform equation (9) still describes exactly the probability of re-election. The endogenous
distribution of competence 7, would be quantiatively but not qualitatively different.

11



Following proposition 1, we measure rent extraction in region [ under decentralization by
pP = rP/b. This can be immediately interpreted as the fraction of the regional budget b
that the politician misallocates. Identically, as discussed above, it could measure the extent
to which the local politician enjoys the rewards of office b without exerting effort xll?t.
Centralization means that a single central politician with ability n¢ chooses investment

in public goods a;lct for all regions [. and extracts rents

L
r =bL—> af,. (14)
=1

If we interpret rent extraction simply as embezzlement, the size of the central politician’s
rent follows immediately. Under centralization, he controls an aggregate budget (bL) equal
to the sum of the budgets controlled by local politicians under decentralization. With the
alternative interpretation of rent extraction as slacking, this expression corresponds to the
additional assumption that the perks and ego rents of office are similarly additive. In either
case, rent extraction under centralization can be measured by p© = r¢/ (bL), which has the
same normalization as pP.

Centralization may also require the central government to provide public goods uniformly
across regions (xlct = 2% for all I, implying gft = g¢ given the common productivity n¢).
The literature has typically assumed such a uniformity constraint, which provides a simple
rationale for decentralization given heterogeneous preferences across regions (Oates 1972;
Alesina and Spolaore 1997; Alesina, Angeloni, and Etro 2005). Nonetheless, imposing a
uniformity constraint on centralized public-good provision is not necessarily realistic in all
settings. Discretionary federal spending is not required to be allocated uniformly across
states, almost by definition of discretionality. Lockwood (2002) and Besley and Coate (2003)
have modelled fiscal federalism under the alternative hypothesis that the central government
can arbitrarily vary the provision of public goods across regions. We consider below the
different distributional implications of centralized public-good provision with and without a
uniformity constraint.

To begin with, however, we can establish that centralization improves overall political
accountability regardless of the presence or absence of a uniformity constraint. Suppose that

voters in region [ have information ; (on average). Then the following result obtains.

Proposition 2 If information is heterogeneous across regions, aggregate rent extraction is

lower under centralization than decentralization (p¢ < Zle pP /L if 0, # 0,, for some
[ #m).

If voters are heterogeneously informed (6, # 6, for [ # m), and thus politicians are
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heterogeneously accountable, centralization has beneficial aggregate effects on accountabil-
ity. By joining heterogeneous regions into a single polity, centralization leads to an overall
level of political information equal to the average 6 of information across regions. Decreas-
ing returns to monitoring then imply a decline in aggregate rents. The central government
extract slightly higher rents than the local governments in regions with above-average infor-
mation. Yet it extracts much lower rents than local politicians in regions with below-average
information. The aggregate effect of centralization is thus an unambiguous decrease in rent
extraction, consistent with historical evidence from the New Deal (Wallis 2000, 2006; Wallis,
Fishback, and Kantor 2006), from precolonial Africa (Gennaioli and Rainer 2007a,b), and
from the rise of modern nation-states in Europe (Dincecco 2011; Gennaioli and Voth 2011;
Dincecco and Katz 2012).

Public-good provision and social welfare depend on both rent extraction and politicians’

skill. Concerning the latter, Corollary 1 immediately implies an invariance result.

Corollary 2 The expected competence of ruling politicians is identical on average under
centralization and decentralization (Bi° = Sr Eﬁft /L = ¢0a?).

Through Proposition 2 and Corollary 2, our model establishes a novel political-economy
mechanism yielding efficiency gains from centralization. This new driving force is additional
to, and independent of, the classic technological rationales for centralization or decentraliza-
tion. Accordingly, Proposition Al in the appendix proves that if information is homogeneous
across regions (6, = 0 for all ) our framework replicates exactly Oates’s (1972) Decentral-
ization Theorem.

In his classic analysis, centralization is useful to internalize cross-regional externalities.
Conversely, decentralization is beneficial to avoid the cost of policy uniformity when regions
have heterogeneous preferences. Thus, their welfare ranking follows a three-fold taxonomy.
First, centralization and decentralization yield identical outcomes if preferences are homo-
geneous and there are no externalities, as we have formally assumed so far. Second, central-
ization yields higher welfare than decentralization if preferences are homogeneous and there
are externalities because public goods provided to one region also affect welfare in others.
Third, decentralization yields higher welfare than centralization if there are no externalities,
centralized public-good provision is subject to a uniformity constraint, but preferences are
heterogeneous because the government provides distinct public goods and different regions
have different ideal baskets of these goods.

Despite imperfect political agency and ineliminable distortions due to political rent ex-

traction, our model reproduces the same taxonomy if and only if voters in all regions are
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identically informed.” With heterogeneous information, instead, Proposition 2 establishes a

new force that makes centralization efficiency-enhancing.

5 Distributional and Welfare Consequences

Whether the increase in efficiency resulting from centralization translates into an increase
in welfare depends on the distribution of the benefits from reduced rent extraction, which
are generically uneven across regions. We now turn to these distributive consequences of
centralization. In this analysis, the distinction between uniform and discretionary public
goods provision by the central government plays a prominent role.

We begin by characterizing the welfare consequences of centralization under a uniformity

constraint.

Proposition 3 Suppose that public-good provision under centralization is subject to a uni-
formity constraint (xlct = 2¢ for all 1). Then centralization increases aggregate social wel-
fare (>, Euf > S BuP). It yields a greater increase in expected public-good provision
and welfare for less informed regions (if 0, < 6,, then E (gc — ng) > E (gC — g,Dn) and
E (uf —uP) > B (ul —ul)).

When a uniformity constraint is imposed upon centralized public-good provision, cen-
tralization yields higher aggregate welfare than decentralization for two reasons. First, as
established in Proposition 2, rent extraction falls and therefore more resources are made
available for public-good provision. Second, Proposition 3 highlights that centralization
subject to a uniformity constraint determines progressive redistribution. The increase in
productive public spending caused by reduced rent extraction is directed to the regions who
need it most.

Progressivity results from an effective transfer of accountability from the regions with
higher to those with lower voter information. The more informed regions are better at in-

centivizing and selecting local politicians. Conversely, the less informed regions are plagued

"In this case imperfect agency causes the same distortions under centralization or decentralization. Con-
stituency size affects political agency through two opposing forces (Seabright 1996; Persson and Tabellini
2000). Centralization reduces the probability that voters in any one region are pivotal in the election. Hence
a central politician is less responsive to each voter’s preferences than a local politician is to those of his fewer
constituents. Conversely, centralization increases the scale of political rent. When the politician allocates
the larger central budget instead of a smaller regional budget, re-election is more valuable. A greater value
of re-election sharpens the incentives for the central politician to perform well. In our framework these forces
are perfectly balanced. Centralization expands the budget by a factor L, while reducing the electoral clout
of each region by a factor 1/L. The politician’s incentives are thus invariant with respect to the scale of his
constituency. Rent extraction is proportional to the government budget, as established in Proposition 1.
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with rent-extracting and incompetent local governments. Centralization enables them to out-
source their governance to a central government that is held accountable by better-informed
voters in other regions. As a consequence, regions with below-average information benefit
from centralization because the central government has much better incentives than their
decentralized local governments. On the other hand, better informed regions suffer from a
dilution of their government accountability under centralization.

The egalitarian inter-regional allocation mandated by the uniformity constraint directs
the efficiency gains from centralization towards the least informed and worst governed re-
gions. These are precisely those whose marginal utility from public goods is highest. The
better informed and better run regions stand to suffer a loss instead. But their marginal
cost of lower public-good provision is moderate because they are already well supplied under
decentralization. As a result, utilitarian social welfare increases as inequality falls at the
same time as aggregate efficiency rises.

The distinctive empirical prediction of Proposition 3 is that empowering the central gov-
ernment to set a uniform nation-wide policy should benefit each region in inverse proportion
to its citizens’ information. In Section 9, we provide empirical evidence of the predicted
pattern for the case of environmental policy in the United States. Additional support for
our theoretical prediction is also provided by suggestive evidence from Europe.

The European Union encompasses large disparities in the quality of government across
regions and member states (Charron, Dijkstra, and Lapuente 2013). Consistent with our
model, Fredriksson and Gaston (2000) conclude that an EU directive introducing uniform
standards for packaging waste “was less stringent than the existing German, Danish and
Dutch laws, but was significantly stricter than the Greek, Irish and Portuguese require-
ments.”

Italy provides a striking example of large regional disparities in information and account-
ability within a single country (Putnam 1993; Del Monte and Papagni 2001, 2007; Golden
and Picci 2005). Durante, Labartino, and Perotti’s (2011) empirical findings on decentraliza-
tion in the Italian public university system correspond perfectly to our theory. A 1998 reform
transferred responsibility for faculty hiring from the national level to individual universities.
As a result, the quality of academic recruitment fell in provinces with lower newspaper read-
ership. Those with higher readership experienced no decline, but no more than a marginal
improvement, implying an aggregate efficiency loss from decentralization.

The distributional and welfare consequences of centralization are inverted in the absence

of a uniformity constraint.

Proposition 4 Suppose that public-good provision under centralization is not subject to a

15



uniformity constraint. Then the central government allocates public goods across regions in
proportion to their residents’ information (xf,/x5 , = g7,/95., = 0i/0m). Centralization
reduces aggregate social welfare (3", Buf < > Bup ). It yields a greater decline in welfare
for regions whose residents are less informed (if 0, < 0,, then B (uf —uP) < E (u, —u?))

if the variance of politicians’ ability is sufficiently low (0% < &°).

In the absence of a uniformity constraint centralization yields lower aggregate welfare
than decentralization. The positive welfare effect of rent reduction is more than offset by
the detrimental effect stemming from regressive redistribution.

Regressivity results from a transfer of power from the less to the more informed regions.
Discretionary policies target government spending towards more politically influential re-
gions. In our model, political influence stems from information because more knowledgeable
voters provide more of the politicians’ incentives. As a consequence, the central government
provides public goods disproportionately to better informed regions, unless it is constrained
by a uniformity requirement. This pattern is reflected in Strémberg’s (2004) evidence on
the regional allocation of discretionary government spending during the New Deal. State
governors directed more public funds to counties with a greater share of radio listeners, and
thus with better informed voters.

Proposition 4 establishes that he geographic misallocation of expenditure by a central
government without a uniformity constraint is more detrimental than higher rent extraction
by decentralized local governments. On average, uninformed voters in worse-off regions suffer
more when the central government channels their taxes towards public spending in better
informed regions than they do when they are defrauded by rent-extracting local politicians.

Net expenditure on public-good provision in region [ is (1 —pP ) under decentralization,
but (1 — pc) 6,/6 under centralization. Due to decreasing returns to monitoring, the former
is a concave function of voter information. The latter is instead linear in it, because a region’s
political influence over the central government is directly proportional to residents’ political

awareness. Equilibrium rent extraction from Proposition 1 implies that
1) D Py = 260, (50— oP) <0 o7 < pP 0, <D 15
(1=p") 5 = (=) = 5500 (0" = p0') <0 o <p &0 <0 (15)

Therefore, centralization increases productive government expenditure in regions with above-
average voter information, and decreases is in those with below average voter information.
However, centralization without a uniformity constraint causes productivity to move in
the opposite direction as inputs. It reduces the resources directed at providing public goods in
less informed regions. It increases, by a larger aggregate amount, investment in public goods

for more informed regions. At the same time, the central politician has average expected
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competence. He is less productive than local politicians in the high-information regions but
more productive than those in the low-information ones.

Hence, the comparison of welfare consequences for any two given regions depends on the
distribution of politicians’ ability. If its variance is sufficiently low (0> < 6?), changes in
the budget allocation dominate changes in productivity for every pair of regions. If instead
politicians have highly heterogeneous skills (o2 > %), the most informed regions as well as
the least informed ones may prefer decentralization to centralization. In spite of the larger
amount of public spending targeted to those regions, the central government may provide
them with a lower expected amount of public goods.

Globally, the regressive transfer of resources unambiguously dominates the progressive
transfer of productivity. Thus the aggregate welfare impact of centralization without uni-
form public-good provision is negative. This result provides a microfounded rationale for
the requirement that the central government should provide public goods uniformly across
regions. Such a constraint is exogenously assumed in the classic theory of fiscal federalism
(Oates 1972), and it is taken to be a technological obstacle that creates costs of central-
ization. On the contrary, the comparison of Propositions 3 and 4 establishes that in our
setting of imperfect political agency it is a necessary condition to turn the efficiency gains
from centralization into welfare gains.

However, Propositions 3 and 4 only depicted the stark binary choice between two ex-
tremes: uniformity with progressive redistribution on the one hand, and full discretionality
with regressive redistribution on the other. In reality, intermediate cases are possible because
the government provides many public goods. The uniformity constraint could apply to some
but not all of them. Such a nuanced arrangement can make centralization politically easier
to achieve by modulating the regional distribution of the efficiency gains.

Formally, suppose that there are multiple public goods p = 1,2,..., P and that agents

have preferences
P P
up = Uy + Z a, log g, with Z a, = 1. (16)
p=1 p=1

The welfare weights «, coincide with the shares of each public good in the optimal allocation
of resources.

A politician has competence 7,,, at providing a specific public good p. Stochastic skills
evolve as first-order moving average processes: 1,,, = €, +€p¢1. The shocks €,; have mean
zero and variance o2. They are independent and identically distributed across goods as well
as over time and across politicians.

Let the P public goods be partitioned into a set &/ whose centralized provision is subject

to a uniformity constraint, and a complementary set D of public goods that the central
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government can instead provide in different amounts to different regions. The aggregate

welfare weight of public goods subject to the uniformity constraint is denoted by

=Y a,e 0.1, (17)

peU

Then we obtain the following result.

Proposition 5 Centralization increases aggregate social welfare if and only if the centralized
provision of a sufficiently important set of public goods is subject to a uniformity constraint
(ay > gy for a threshold oy € (0,1 — p©)).

If the variance of politicians’ ability is sufficiently low (o> < &2 for a threshold * €
(0, 6’2} ), then for any distribution of voter information every region is better off under cen-
tralization than decentralization provided that a uniformity constraint is imposed on public
goods whose importance is aj (9, 02) € (&u, 1—- pc). The extent of uniformity that makes
centralization Pareto-improving is increasing in average voter information (0aj,/ 90 > 0 )

and decreasing in the variance of politicians’ ability (Daj,/00? < 0).

The relative importance (az) of public goods whose centralized provision is subject to a
uniformity constraint measures the balance between the two opposite distributional forces
described by Propositions 3 and 4. The first part of Proposition 5 simply shows that the
transition between the two extremes is gradual. Aggregate social welfare is the higher, the
more the central government is constrained to provide public goods uniformly. There is an
interior threshold a;, at which the uniformity requirement is widespread enough to guarantee
that centralization provides higher overall welfare than decentralization.

Most important, the proposition also establishes that a partial uniformity constraint can
be designed to fine-tune the distribution of the efficiency gains from centralization. Better
incentives for central politicians reduce aggregate rent extraction and thus create an overall
surplus that can be shared across regions. Propositions 3 and 4 established that less informed
regions are the beneficiaries when public goods are uniformly provided, and more informed
ones when their allocation is discretionary (as long as politicians’ competence is not too
heterogeneous). An appropriate mix between the two modes of public-good provision can
succeed at distributing the gains to all regions, regardless of their level of information.

The better-informed regions benefit from the disproportionate influence over the allo-
cation of discretionary public goods, which represent a share 1 — oy, of central-government
resources. If this share is larger than rent-extraction by the central government (1—ag, > p©)
then every region with above-average information (#; > ) strictly prefers the resource al-

location induced by centralization. Control of centrally provided goods not subject to the
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uniformity constraint is more valuable than the decrease in rent extraction that decentral-
ization would entail (to pP < p©).

At the same time, if the share of non-uniform public goods is lower than rent-extraction
by the central government (1 — az; > p®) then every region with below-average information
(0, < 0) strictly prefers the resource allocation induced by centralization. Losing control of
centrally provided discretionary goods is less costly than the increase in rent extraction that
decentralization would entail (to pP > p©).

When rent extraction and unconstrained budgeting by the central government are exactly
matched (1 — ay = p“), the endogenous allocation of resources under centralization is a
Pareto improvement over decentralization. The key is that political rent extraction has
convex costs. As a consequence, more informed regions are happy to accept an increase in
rent extraction up to p¢ in order to gain control of a share 1 — ay, of the aggregate budget,
while less informed regions are not willing to tolerate a further increase in rents above p® in
order to avoid relinquishing control of non-uniform spending.

Proposition 5 establishes that universally beneficial centralization is achieved with a
degree of uniformity «;; < 1—p®. The extent of uniformity required for a Pareto improvement
is increasing in voter knowledge (9ay,/08 > 0) because it inversely tracks rent extraction
p, which in turn decreases with information. In addition, better-informed regions have
to be compensated for the deterioration of their politicians’ expected competence under
centralization. When politicians’ skills are more dispersed, high-information regions suffer a
larger loss from declining expected competence. Accordingly, the Pareto-improving extent
of uniformity is decreasing in the variance of politicians’ ability (d«;,/dc? < 0).

In the limit, Pareto-improving centralization becomes impossible if ability is so hetero-
geneous that disciplining politicians’ rent extraction becomes a lesser concern relative to
selecting more skilled politicians, because then better-informed regions can never be com-
pensated for the dilution of their screening ability. However, we view as a natural benchmark
the case in which moral hazard is an even greater problem in political agency than adverse se-
lection (0 < 0? < &%). Then it is possible to constrain the operation of a central government
so that all regions unanimously prefer centralization to decentralization.

We do not formally model a process of bargaining at the constitutional table that would
enable regions to agree on a binding uniformity constraint with a domain ¢;,. On the one
hand, such an arrangement is merely second-best: if regions could agree instead to efficient
lump-sum transfers, joint surplus maximization would require instead the completely uniform
allocation of government spending described by Proposition 3. On the other hand, agreement
on a Pareto improvement might not be practically feasible or enforceable.

Nonetheless, the debate within the Furopean Union, whose founding treaties are adopted
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by unanimity of the member states, appears consistent with the patterns described by our
model. “Core” countries such as Austria, Finland, Germany and the Netherlands complain
about low institutional quality and ineffective or corrupt politicians in “peripheral” coun-
tries such as Greece, Italy, Portugal, and Spain. Such complaints chime with our model of
declining government accountability and productivity for the more informed regions. At the
same time, peripheral countries complain that European policy is largely dictated by the
core and—e.g., in the case of monetary policy—disproportionately takes into account the
needs and interests of core countries. Again, this accords with our model of declining policy-
making power for the less informed regions. Proposition 5 thus suggests that intra-European
frictions may be simple manifestations of a Pareto-improving agreement that actually works

to make the Union suboptimal for each member, but crucially advantageous for them all.

6 Heterogeneous Preferences vs. Heterogeneous Ac-

countability

Our key novel contribution lies in establishing the accountability benefits of centralization
when voter information varies across regions, as evidenced by Propositions 2, 3 and 5. Yet,
Propositions 4 and 5 also proved that centralization is welfare-reducing if it lacks a uniformity
constraint.

A microfounded requirement for uniform public good provision by the central government
brings to the forefront a trade-off that has been emphasized since Oates (1972). If differ-
ent regions have different preferences over the allocation of public spending, a uniformity
requirement imposes a cost by making it impossible to provide each region with its preferred
bundle of public goods. Thus, a trade-off emerges between greater efficiency on the one hand
and higher preference matching on the other.

In our framework, both the need for uniformity and the accountability gains from cen-
tralization stem from the same source: differences in voter information and thus government
accountability across regions. Yet, there is a key difference in the way such heterogeneity
affects preference-matching and government efficiency. Proposition 4 has established that
centralization without uniformity is welfare-reducing no matter how small the differences
in voter information. Conversely, the reduction in rent extraction caused by centralization
is monotone increasing in the extent of interregional differences in voter information. As
a consequence, our model yields a novel take on the classic trade off between efficiency
and preference-matching. Accountability considerations prevail, prompting efficient central-

ization, if and only if political accountability is more heterogeneous across regions than
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preferences over public goods.
In order to provide a formal statement of this result, we consider a large number P of

distinct public goods. The representative resident of region [ has utility
ub = al + Z a; log g1+ With Z 04; = 1. (18)

The utility weights ozé coincide with the shares of every public good in the optimal allocation

!'is an independent draw from

l
p

of resources within region [. Every region’s preference vector o
an identical distribution that is symmetric across goods. Thus, the marginal distribution «
is the same for all p and has mean Eal, = 1/P.

The homogeneity of preferences across regions is summarized by a parameter v > 0.
In the limit as v — 0, information is maximally heterogeneous given the independence of
preferences. Each region desires only one specific public good. Therefore, the probability
that the same public good provides utility to two different regions is 1/ P, which is negligible
when P is large. Conversely, in the limit as v — oo preferences are perfectly homogeneous.
Every region values all public goods identically, so all have the same ideal uniform basked
(al, = 1/P for all p and ). The distribution of preferences contracts smoothly as v increases,
in the sense that any decrease in v entails a mean-preserving spread of aé.s

Voter information 6; is independent of preferences, and is also independently drawn for
each region from an identical distribution with mean Ef; = 6 € (0,1). The homogeneity
of information across regions is summarized by a parameter ¢ > 0. In the limit as ¢+ — 0,
information is maximally heterogeneous. Each region is either perfectly informed (6, = 1
with probability 6) or completely uninformed (6; = 0 with probability 1 —6). Conversely, in
the limit as « — oo, information is perfectly homogeneous. Every region has the same level
of information 6. The distribution of information contracts smoothly as ¢ increases, in the
sense that any decrease in ¢ entails a mean-preserving spread of 0;.

Assuming a continuum of locations to abstract from differences between sample distrib-

utions and population distributions, we can establish the following result.

Proposition 6 Suppose that preferences and information are independent of each other and

across regions. Aggregate social welfare is always higher under decentralization than under

8These properties are satisfied for instance if the preference vector a! has a symmetric Dirichlet
distribution on the regular (P — 1)-simplex with concentration parameter v > 0. Then Var (o)) =
(P-1)/ [P2 (1+ ’UP)]. Our findings are qualitatively independent of this particular functional specifi-
cation.

9These properties are satisfied for instance if information has a beta distribution §; ~ B (@L, (1 — @) L).
Then Var (6;) =6 (1 —6) /(1 + v). Again, our findings do not require assuming this particular distribution.
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centralization without a uniformity constraint. It is higher under centralization with a uni-
formity constraint than under decentralization if and only if preference homogeneity is above
a positive finite threshold (v > v (1,0) > 0) that is increasing in information homogeneity
(00/01 > 0) and in the variance of politicians’ ability (0v/Jo > 0).

The proposition highlights the irreducible tension between differences in preferences
across regions and the need for uniform public-good provision. As Proposition 4 already
established for uniform preferences, Proposition 6 confirms more generally that centraliza-
tion is welfare-reducing if the central government is allowed to operate without a uniformity
constraint. The welfare loss is even greater with preference heterogeneity because, as we
show in the appendix, centralization also distorts the allocation of talent. Under decentral-
ization each region selects, to the best of its imperfect screening ability, ruling politicians
who are most talented at providing those public goods the region finds most important. The
central government, instead, has average skills that try to satisfy all regions but truly fit
none.

On the other hand, it remains true that centralization yields the efficiency gains described
by Proposition 2. Following Proposition 3, if a uniformity constraint is imposed centralization
also provides an egalitarian distribution of resources, which is appealing from the point of
view of aggregate utilitarian welfare-maximization.

The question is whether these benefits can overcome the cost of imposing a homogeneous
basket of public goods onto different regions with different ideal allocations. Intuitively,
Proposition 6 establishes that uniform centralized public-good provision is welfare maxi-
mizing when preference heterogeneity is low (v > ©) and information heterogeneity is high
(0v/0t > 0). The former implies that the costs of uniformity are moderate, and the latter
that the efficiency gains from centralization are large. Higher heterogeneity in politicians’
ability also makes centralization less attractive (0v/Jdo > 0) because it increases the costs of
preference mismatch, which are reflected in the allocation of talent (1) as well as of resources
(b).

On the one hand, the proposition captures a departure from the classic Decentralization
Theorem when accountability varies across regions. When preference heterogeneity is mod-
erate but not nil, centralization remains optimal, unlike in a setting without political-agency
frictions (Oates 1972). On the other hand, we find that it may be impossible to reap the
efficiency gains from centralization when they are small relative to differences in preferences
across public goods. Centralization is always efficiency-enhancing in the sense of reducing
aggregate rent-extraction. Yet political frictions imply that centralization is welfare-reducing

if preference heterogeneity is high while information heterogeneity is low.
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7 Federalism

So far our analysis has compared centralization and decentralization. We have not considered
a federal structure that divides powers between the central government and decentralized
local governments. Such a division of powers lacks an intuitive justification if preferences are
homogeneous, but also if preference heterogeneity is fully symmetric across different goods, as
in Proposition 6. Instead, proper federalism becomes intuitively appealing when preferences
are homogenous across regions for some public goods, and heterogenous for some others.
Then the first set of goods could be provided by the central government, and the second
by local governments. This federal arrangement could provide a solution to the trade-off
between centralized efficiency and decentralized preference-matching.

To consider this scenario analytically, assume there is a public good that all regions have
identical preferences for. We will denote this homogeneously desired public good as good 0.
Furthermore, there is another public good over which regions have antithetical preferences.
This idiosyncratically preferred public good can be provided in L varieties. Each region L
benefits exclusively from its own ideal variety [, and derives no utility at all from any of the

L — 1 alternatives. The representative resident of region [ has utility

uy = Ty + aglog gioe + (1 — ) log giu, (19)
where ag € (0,1) is the optimal budget share of the homogeneously desired public good.
This parameter also provides our measure of preference homogeneity in this setting. We
retain the same distribution of information as in Proposition 6, parametrized by mean 6 and
homogeneity ¢ > 0.

The structure of government is described by an allocation of budgets and powers to the
two levels of government, local and central. The overall budget is exogenously fixed at Lb.
Since our focus is on distributional tensions on the expenditure side, we assume that all
regions contribute equally to the central government budget. Then the budget allocation is
entirely defined by the size of the central-government budget b, which determines residually
the local-government budgets b” = b — b /L for every I.

The division of powers is described by two indicator variables: x, equals one if and only
if the central government is tasked with providing the homogeneously desired good, and y;
if and only if it provides the idiosyncratically preferred good.

Centralized provision of each good may or may not be subject to a uniformity constraint.
In the case of the homogeneously desired good, the constraint binds with respect to quan-
tity, forcing the government to spend the same amount of resources on each region. For the

idiosyncratically preferred good, the constraint is also binding with respect to variety. Intu-
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itively, we disallow the provision of “separate but equal” varieties. If the central government
is allowed to differentiate varieties across regions, it must also gain the ability to differentiate
in the effective quantity provided. Different varieties are, so to speak, apples and oranges
whose quantities cannot be properly compared by an impartial auditor. Thus, a uniformity
constraint requires the central government to provide the same idiosyncratically preferred
public goods ¢+ = gm,j+ to all regions [ # m in the same variety j. To provide to each
region its ideal variety, the central government then has to provide all regions with a fully
differentiated bundle comprising all L varieties.

As before, government structure is fully decentralized if each local government provides
the residents of its region [ with both the homogeneously desired good g¢;¢ and their ideal
variety of the idiosyncratically preferred good, g;; (xq = x1 = 0). Conversely, the government
is fully centralized if the central government is tasked with providing both public goods
(Xo = X1 = 1). The richer structure of this section allows us to consider a more complicated
federal system. The central government provides the uniformly preferred public good g to
all regions (x, = 1). At the same time, however, every region has its own local government
provide the locally desired variety of the idiosyncratically preferred good, gi; (x; = 0).*°

We begin by characterizing the unique optimal allocation of public funds to the two levels

of government in a federal structure.

Lemma 1 In a federal system, the unique Pareto efficient budget allocation grants resources

to each level of government in exact proportion to the ideal budget share of the goods it is
providing (b° = agbL and bP = (1 — ag) b).

When all regions contribute identically to the central government budget, they all agree
on a unique optimal budget allocation. This allocation intuitively reflects the desired bud-
get allocation across different public goods. It is independent of differences in government
accountability and efficiency because the elasticity of substitution across public goods equals
one. Thus, there is perfect balance between the desire to reduce the budget of unaccount-
able politicians in order to avoid waste (the price effect), and the opposite desire to increase
their budget in order to ensure sufficient provision of the respective public goods in spite of
inefficiencies (the income effect).

We can then proceed to establish our core findings on federalism and political account-

ability.

10Tt is also theoretically possible in in theory to structure a federal system with the opposite allocation of
powers (x, = 0 and x; = 1). Such a government structure is intuitively undesirable, and we prove in the
appendix it is unambiguously welfare-reducing.
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Proposition 7 The fraction of each government’s budget that is dissipated in the form of
politicians’ rents is decreasing in the scope of the government’s powers (Opf /Ox, > 0 >
dp©/ox, for g=0,1).

Full centralization minimizes aggregate rent extraction. Rent extraction is lower under
a federal system than under full decentralization if and only if preferences are sufficiently
homogeneous (g > @,). A federal system is more likely to reduce rent extraction relative to

full decentralization when information is more heterogenous (0a,/dt > 0).

Political-agency frictions imply endogenous economies of scope in government account-
ability. Rent extraction, as a fraction of the public budget, declines as the set of public
goods the government is responsible for providing increases. These economies of scope, like
the decreasing returns to information in Proposition 1, follow from the recursive structure
of incentives in the dynamic problem facing incumbent politicians.

Consider the local government of region /. Incumbent politicians who perceive a value R
of re-election invest x;; = (1 — ap) 6;¢R in providing the locally desired variety of the idio-
syncratically preferred good. They also invest z; o = ao0;¢ R in providing the homogeneously
desired good, if its provision falls within their remit. Under complete decentralization the
local government has a budget b and extracts rents r, = b — 0,90 R. In a federal structure the
local government has budget (1 — o) b and extract rents r;, = (1 — ) (b — 0,90 R). In both
cases, equilibrium rents capture a fraction 1 — 6,90 R/b of the government budget.

Rent extraction would be independent of the scope of public-good provision in a one-shot
model with an exogenously given value of re-election R. In a dynamic environment, however,
the appeal of incumbency is endogenous: it varies with expected future rent extraction
(equation 11) and thus indirectly with the budget whose allocation the politician administers.
If local politicians are responsible for providing both public goods and control the undivided

budget b, they extract as rent a fraction

26 -

20,0 = (14224, (20)
2—-9

of their budget in the stationary equilibrium. If instead they are tasked with providing only

the idiosyncratically preferred good, they are accordingly given a lower budget (1 — ayg)b.

The lower budget makes re-election a less powerful incentive, and rent-extraction rises to a

fraction .
D 200 - D
0 (1,0) =1+ m (1 — Cko) 0, > P (O, 0) (21)
of the local-government budget.

The argument applies identically to the central government. Thus, political accountabil-
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ity tends to decline with the creation of multiple layers of government. As in Proposition 2,
in this richer setting too rent extraction is unambiguously minimized by full centralization,
which exploits both economies of scope and the efficiency benefits of delegating government
monitoring to the best monitors.

The comparison between full decentralization and a federal system is instead ambiguous.
On the one hand, federalism forfeits economies of scope, which tends to increase rent ex-
traction. On the other hand, it transfers provision of at least the homogeneously preferred
good to the central government, which tends to extract lower rents. Federalism tends to be
efficiency-enhancing if information is highly heterogeneous across regions (da,/dt > 0) be-
cause the accountability benefits of creating a federal government are higher. These benefits
are also greater when a greater fraction of public spending is controlled by the federal govern-
ment, with its lower rent-extraction. Thus, federalism also tends to be efficiency-enhancing
when preferences are relatively homogeneous across regions (ag > @,).

The findings of Proposition 7 are consistent with empirical evidence that bribery is more
prevalent in countries with a larger number of administrative tiers (Fan, Lin, and Treisman
2009). In our model, federalism always increases rent extraction compared to centralization,
and sometimes also relative to decentralization.

As in the previous sections, we proceed from aggregate rent extraction to social welfare

by considering first the distribution of the central government budget.

Lemma 2 Centralized provision of the homogeneously preferred public good is proportional
to a region’s information (gfo/ 950 = 01/0m) unless a uniformity constraint is imposed.
Imposing uniform provision of this good raises aggregate social welfare. It raises welfare in
region | if and only if its voters are less informed than average (0; < 0).

If the central government provides the idiosyncratically preferred public good, each region
receives its ideal variety in proportion to ils voters’s information (g{,,/95 i = 01/0m),
whether or not a uniformity constraint is imposed. Imposing uniform provision of this good

reduces welfare in every region.

The first result mirrors Proposition 3. When all regions desire the same public good,
mandating uniformity is beneficial because it induces a progressive transfer from the informed
to the uninformed. The crucial result in the lemma concerns centralization with preference
heterogeneity.

The central government always reflects the priorities of different regions according to their
level of political knowledge. Hence, as in Proposition 4, public good provision is precisely
proportional to voter information. With fully idiosyncratic preferences, however, this result

obtains irrespective of a uniformity constraint. When different regions demand different
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varieties of public goods, the central government will provide disproportionately those that
are being demanded by the most informed. A requirement of uniform provision has no
impact on this distortion, but merely adds another one. Every region is wastefully provided
with varieties of public goods that the politicians are unable to target at their intended
well-informed recipients. As a consequence, uniform provision of idiosyncratically preferred
public goods is not only welfare-reducing but starkly Pareto inefficient. It makes every single
region worse off than discretionary provision by the central government.

The welfare ranking of different political structures is the following.

Proposition 8 A federal system is welfare mazximizing if voter information is sufficiently
heterogeneous across regions (1 < t), and furthermore preference heterogeneity lies in an in-
termediate range (o € (Ap~r, @r~c)), expanding with information heterogeneity (0ap~r/0L >
0 and Oapc/0L < 0)

Full centralization is welfare mazimizing if preferences are relatively homogeneous (1 <t
and o > ap~c, or L > 1 and o > ap~c). Full decentralization is welfare maximizing if

preferences are strongly heterogeneous (1 <t and o < &pp, ort > 1 and o < Ap~c).

The main result in the proposition concerns the pivotal role of differences in accountability
across regions in making a federal system desirable. Welfare can be maximized by a federal
structure with two layers of government only if voter information is sufficiently heterogeneous
(1 < 7). Instead, when accountability is relatively homogeneous across regions (¢ > 7) a single
tier of government is optimal, and a federal structure is dominated.

As information becomes more homogeneous, less is gained by centralizing provision of
the homogeneously desired good. The difference in rent extraction by the central and the
local government shrinks, and it disappears in the limit as information becomes homoge-
neous (¢ — 00). Economies of scope in government accountability, instead, do not decline.
Thus, complete decentralization is increasingly likely to be preferred to two-tier federalism
(Oap~r/0L > 0).

It might seem surprising that, at the same time, complete centralization also becomes
more attractive (Oap.c/0t < 0). The intuition behind this result is that the allocative
distortions arising from centralization without uniformity also decline when regions are more
homogeneously informed. They disappear in the limit as information becomes homogeneous
(L — 00).

The role of preference heterogeneity is intuitive, following Proposition 6. When prefer-
ences over public good are almost completely unrelated across regions (og — 0) full decentral-
ization is optimal. Since idiosyncratically preferred public goods are all-important, welfare

is maximized when they are provided by local governments, who are best at preference-
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matching. Then these local governments should be granted all powers so as to reduce their
rent extraction. Conversely, if voter preferences are almost completely identical across regions
(g — 1), complete centralization is welfare maximizing. When idiosyncratically preferred
public goods are unimportant, so is preference-matching, and only rent-minimization mat-
ters. Hence, even when government accountability varies sharply across regions, welfare is
maximized by a federal structure only if preference heterogeneity is intermediate.
Furthermore, we can characterize unambiguous comparative statics on the variance of

the distribution of politicians’ competence.

Corollary 3 As politicians’ ability becomes heterogeneous, welfare becomes less likely to be
maximized by full centralization. If accountability is sufficiently heterogeneous, a federal
system becomes more likely to be welfare maximizing (Oap.c/0c > 0 = dap.p/0c and
0t/0o > 0). If accountability is relatively homogeneous, full decentralization becomes more

likely to be welfare maximizing (Oap~c/0c > 0).

Key to these results is the distortion of electoral screening when the central government
provides idiosyncratically preferred public goods. When these are provided by local govern-
ments, each region selects, to the best of its imperfect ability, politicians that are skilled at
providing its preferred variety, ignoring their skill for provision of any other locally useless
variety. Under full centralization, instead, the central politician has to be a jack of all trades
and master of none. He is selected to some extent for all skills, and thus his talents please
on average all regions—and endogenously more so the more informed ones. Yet, his compe-
tence profile fails to fit any region’s preferences as precisely as a specialized local politician.
When there is greater variation in the pool of political talent, centralization is therefore less
likely to be welfare-maximizing (0ap~c/0c > 0 and dap.c/do > 0). Indirectly, then, high
variance of politicians’ skill also makes a federal structure optimal for a wider range of levels
of information heterogeneity (0t/0c > 0).

We conclude this section by describing the distributional tensions underlying the overall

welfare ranking.

Corollary 4 Suppose that centralized provision of the homogeneously desired public good is
subject to a uniformity constraint. Then the welfare benefits of a federal system relative to full
decentralization are greater for regions whose residents are less informed (0*Eu'/ (00,0x,) <
0). The welfare benefits of a federal system relative to full centralization are also greater for
less informed regions (0*Fu'/ (00,0x,) > 0) if the variance of politicians’ ability is sufficiently

low (0% < 5%).

This corollary is the intuitive analogue of Propositions 3 and 4. Centralized provision of

28



the homogeneously desired good, subject to the welfare-maximizing uniformity constraint,
implies a transfer of accountability from the informed to the uninformed. Hence, in a move
from full decentralization to a federal structure, the benefit accrue to the least informed
regions—or identically, the costs are borne disproportionately by the most informed ones.

Conversely, centralized provision of the idiosyncratically preferred good, which cannot be
subject to a uniformity constraint, implies a transfer of power from the uninformed to the
informed. A move from federalism to full centralization also induces a beneficial increase
in the accountability of the central government. This efficiency gain is enjoyed both by all
regions. Nonetheless, the overall benefits accrue disproportionately to the most informed
one. Identically, when a federal structure is optimal, the costs of excessive centralization fall
mostly on the least informed regions.

The model thus implies that the regions with the lowest voter information and the least
accountable local governments should be the keenest on proper federalism, with a balanced
division of powers and spending between the states and the federal government. The pattern
of political discourse in the United States provides suggestive support for this prediction.
Appeals to limit the expansion of federal power and protect states’ rights tend to be more
popular in southern states. The South also displays a higher average prevalence of political
corruption (Glaeser and Saks 2006). Its level of voter information is also lower, as shown for

instance by data on newspaper circulation in 1970 depicted by Figure 1.

8 Externalities and Government Efficiency

The main focus of our analysis has been the effect of centralization in shaping politicians’
incentives and thus their rent extraction. Yet, elections also have value as a means for se-
lecting more capable politicians. In our baseline analysis centralization has a lesser impact
on this screening function. When preferences are homogeneous, Corollary 1 showed that ex-
pected government productivity is identical under centralization and decentralization. The
only difference is that a central government provides the same productivity to all regions,
while decentralized government are more productive in more informed regions—hence the
distributional consequences discussed in Proposition 5. When preferences are heterogeneous,
Proposition 6 and Corollary 3 showed that centralization tends to worsen the selection of
politicians. However, the opposite is true when public goods generate spillovers across re-
gions, so that a region is not concerned uniquely with local public-good provision.

To establish this result, we introduce externalities with a simple symmetric specification.

Returning for simplicity to a single composite public good, the representative resident of
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region [ has utility

L

=+ (= Qloganc+ 1 3 Togam (22)
m—1

where ¢ € [0,1] is an index of externalities.

An intuitive interpretation is that there is free mobility of citizens within a federation
such as the United States or the European Union. Within a period ¢, an individual has
probability £/L of moving to any region m in the union. Alternatively, ¢ could capture
altruism, or technological spillovers—the parametrization is such that public-good provision
is characterized by constant returns to scale regardless of &.

Then we can prove that externalities introduce unambiguous systematic differences be-

tween the productivity of the central government and the average local government.

Proposition 9 Suppose that public goods are characterized by interregional spillovers (§ >
0). Then average government productivity is higher under centralization than decentralization
(Ef]c > Zlel Ef]lD /L). The productivity advantage of the central government is increasing
in the extent of spillovers (0 (Eﬁc -3 ]EﬁlD/L> /0§ > 0) and more sharply so the higher

voter information (0* (Eﬁo -0 EﬁlD/L> J0£00; > 0 for all l).

Aggregate rent extraction is lower under centralization than decentralization (p© <
Zle pP/L). The decline in rent upon centralization is increasing in the extent of spillovers
(0 (Zle pP /L — pC> /O& > 0) and more sharply so the higher voter information

(0? (Zle pP /L — pc> JOEDO; > 0 for alll).

The key new result in the proposition is that internalizing spillovers through centraliza-
tion increases the screening value of elections, and therefore the expected productivity of
politicians who gain re-election. In our model, informed citizens are more likely to support
the incumbent if he has proved to be more capable than average. The intensity of popular
support, however, depends not only on the extent of ability, but also on its importance. A
voter who is informed of the incumbent’s poor skills may nonetheless vote for him because
of his personal likability or ideological affinity. Yet, voters are less likely to be swayed by
such factors when the politician’s competence is more important.

If public goods create interregional spillovers, the economic stakes are higher in a union-
wide election than in a local election. The ability of a local politician influences only local
public goods. The ability of a central politician influences both local public goods and
spillovers from other regions. Therefore, a voter who cares about spillovers is keener on
electing highly competent politicians at the central than at the regional level. Hence, cen-

tralization reduces the influence of random popularity shocks on electoral outcomes.
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Just as a sharper voter focus on competence improves the screening value of elections,
so does it improve their monitoring values. Thus, externalities not only determine a novel
productivity-enhancing impact of centralization, but they also reinforce the finding of ef-
ficiency gains in Proposition 2. In the presence of externalities, Proposition 9 establishes
that rent extraction is lower under centralization even when information is identical across
regions. Moreover, both efficiency advantages of centralization—reduced rent extraction and
higher government productivity—are monotone increasing in the extent of spillovers.

The productivity gains from centralized provision of externality-inducing public goods
are enjoyed by all regions. Spillovers modify the distributional results of Propositions 3
and 4 by increasing the appeal of centralization for all regions. Moreover, externalities
make Pareto-improving centralization more likely than in Proposition 5. In particular, if the
central government provides public goods uniformly to all regions, centralization is no longer
necessarily costly for informed regions. First, they directly internalize the spillovers from
higher public-good provision in uninformed region. Second, a region with above-average
information may also enjoy an increased provision of local public goods, because voters in
all region monitor more attentively the central government than their local one.

Finally, Proposition 9 shows that externalities and information are complements in gen-
erating the efficiency benefits of centralization. This result is intuitive because the electoral
mechanism is driven by voters who are simultaneously informed of government activity and
highly keen on government productivity. As a consequence, centralizing decision-making for
externality-inducing policies becomes more important the higher the level of institutional
quality. In the presence of technological costs of centralization—or of preference heterogene-
ity as in Proposition 6—centralization would be suboptimal when government accountability
is too low, and become optimal once it rises above a threshold.

Thus, Proposition 9 can account for the patterns observed in the emergence of modern
European states. A key element in the building of state capacity was the centralization of tax-
setting and revenue collection, overcoming pre-modern fiscal fragmentation. This creation
of central fiscal capacity went hand in hand with the development of political institutions
that promoted government accountability and the pursuit of the common interest (Dincecco
2009, 2011; Besley and Persson 2011). In the United States, too, the power of the federal
government relative to the states has steadily increased since the founding of the country,
while the franchise and democratic institutions have gradually grown more inclusive.

The improvement in politicians’ selection and incentives described by Proposition 9 is
distinct from the classic benefits of policy coordination (Oates 1972), which would be reflected
in an improvement in the allocation of resources, rather than in government productivity.

This traditional force is absent from our model when we consider a single public-good bundle,
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but re-emerges when we distinguish between different public goods.
Specifically, suppose the government provides a public good g that generates inter-
regional spillovers ¢ > 0 and another public good h whose benefits are purely local. The

representative resident of region [ has utility

L
ub =al+a [ (1—¢&)logg, + %mzzloggmt (1 —a)loghyy, (23)
where v € (0, 1) is the share of resources that would be allocated to the externality-generating

public good by a benevolent planner. Then we can prove that following result.

Proposition 10 Suppose there are public goods that generate spillovers and others whose
benefits are purely local. The share of resources allocated to externality-generating public
goods by the central government is socially optimal (| BY =a ). The share resources allocated to
externality-generating public goods by decentralized local governments is suboptimal (BZD <«
for all 1) and decreasing in the extent of spillovers (07 /0¢ < 0).

The proposition provides a microfoundation for gains from policy coordination under
centralization. The standard theory of fiscal federalism assumes that each local government
maximizes welfare in its own region, but that local politicians are exogenously incapable
of cooperating to reach Pareto-improving bargains. In our model, instead, even if local
politicians could cooperate fully across regional borders, they would have no incentives to
maximize welfare.

The only goal of each incumbent is to signal his own ability to his own constituents. The
most effective signaling is achieved by ignoring all spillovers, under-providing externality-
inducing public goods and over-providing purely local ones. A cooperative reallocation
making voters in all regions better off wouldn’t convey any useful signal of ability. Each
government would wastefully signal its ability at generating welfare for regions that do not
vote for its re-election.

Centralization, instead, endogenously aligns politicians’ incentives with the optimal allo-
cation of government resources (net of rent extraction) to all public goods. The key difference
is that in a union-wide election all beneficiaries of public-good provision vote for the incum-
bent’s re-election. Thus his career concerns take into account all inter-regional spillovers.
Only then does he finds it optimal to allocate resources in proportion to the full social value

of each investment (and each skill).
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9 Evidence from the Clean Air Act

We test the main empirical prediction of Proposition 3 based on a clear discontinuity in
U.S. environmental policy. Up to the 1960s, air pollution had been regulated primarily by
state and local governments. The year 1970 marked a dramatic centralizing intervention by
the federal government. Federal involvement rested on two pillars: the establishment of the
Environmental Protection Agency (EPA), and the passage of the Clean Air Act of 1970 and
subsequent amendments, which phased in national air quality standards for a set of criterion
pollutants. National standardization stood in sharp contrast with the previous state-based
regulations, which had been adopted only by a few states, imposing very heterogenous stan-
dards (U.S. Senate, 1970). We use the Clean Air Act, and the sharp regulatory shift it
entailed, to test the distributional predictions of our model for a uniform nation-wide policy.

We consider emissions of sulfur dioxide a very significant and harmful pollutant.'’ At
relatively high concentrations, SO, pollution has serious adverse health effects. It harms
respiratory and cardiovascular functions and is a cause of premature death. Even at much
lower levels, it severely damages crops and contributes to acid rain. SO, was among the
pollutants immediately targeted by the Clean Air Act through the National Ambient Air
Quality Standards, starting in 1971. After 1970, emissions of sulfur dioxides and nitrogen
oxides started to abate.!? Nonetheless, the extent of the causal link between the legislation
and the subsequent abatement trend is still debated (Greenstone 2004; List and Sturm 2006).

Our empirical investigation focuses on the differential impact of the Clean Air Act across
states. We do not aim at estimating the aggregate effect of the policy shift. Instead, we test
whether the decline in emissions after the federal takeover in 1970 was faster in states with
less informed voters, as predicted by our theory.

The effect of the Clean Air Act on SO, emissions is an appropriate natural experiment to
test the predictions of Proposition 3. The Act introduced uniform regulation for the entire
country, with national air quality standards and a single federal regulator. At the same
time, the consequences of SO, pollution are largely localized, in contrast to the case, for
instance, of C'O, and global warming. Therefore, emissions abatement generated benefits

primarily at the local level, with smaller spillovers across states. In addition, the benefits

1 Qur results are qualitatively unchanged if we consider, instead, NO, as our dependent variable. The
Appendix reports the baseline table. All robustness checks are available on request.

12In absolute terms, from 1970 to 1980 aggregate sulfur dioxide emissions in the United States dropped
from 31.161 to 25.905 million short tons. Relative to income, emissions fell from 9.11 to 5.40 short tons per
million of real 2005 dollars. The primary contributors to this reduction were metals processing and industrial
fuel combustion, whose emissions declined respectively from 4.775 to 1.842 and from 4.568 to 2.951 million
short tons (U.S. EPA, 2000). In relative terms, emisssions from industrial fuel combustion fell from 4.50 to
2.44 short tons per real 2005 $ million of value added in manufacturing. Emissions from metals processing
fell from 63.48 to 20.23 short tons per real 2005 $ million of value added in primary metal industries.
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from SO, reduction accrue in the long run only. It is therefore reasonable to assume that
some voters were not immediately aware of the positive impact of pollution regulation on
their own welfare.

Hence, our model predicts that until 1970 states with uninformed voters suffered from
bad environmental regulation. They applied ineffective standards, or no standards whatso-
ever, because the local government in charge failed to invest money and regulatory effort
on air quality control. The introduction of uniform federal requirements starting in 1971 is
predicted to have yielded differential benefits that are monotone decreasing in voter infor-
mation. Our testable hypothesis is that the lower the level of information in a state, the
more rapid the decline in pollutant emissions in that state after the enactment of the Clean
Air Act, relative to the pre-1970 baseline.

In the robustness analysis, we also test that this faster reduction in pollution corresponds
to an improvement in technique, rather than a change in the composition or scale of economic
activity. Thus, we control for the concern that reduced emissions could be accompanied by
related developments—and particularly a reduction in employment or income—that could

make their welfare consequences ambiguous.

9.1 Empirical Specification

Our econometric analysis consists of a difference-in-differences estimate of the effect of in-
formation on the reduction in emissions following the imposition of national air quality
standards in 1970.

We use a balanced panel of the contiguous United States from 1960 to 1981. We choose
this time horizon because in 1981 Ronald Reagan took office. In the following years, his
environmental policy choices weakened the EPA and curtailed its budget and staff. Moreover,
the Reagan administration championed devolution and a general expansion of the role of the
states. Therefore, developments after 1981 may have entailed a roll-back of the centralization
episode that is the focus of our analysis.

Our baseline regression specification is the following:
Pii =+ 0+ G+ 0it + dyxiB + dpiy (t — 1970) + 4. (24)

We include year fixed effects d,, state fixed effects (;, and state-specific linear time trends ;.
We cluster the standard errors ¢;; by state to account for serial correlation of state-specific
shocks. Since spatial correlation is also likely to be present, we allow for two-way clustering
by year as well as by state (Cameron, Gelbach, and Miller 2011).3

13 A concern with this specification is that the number of clusters in the time dimension is relatively small
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As the first difference, we compare pollution p;; before the Clean Air Act (d; = 0 from
1960 to 1970) and after its enactment (d; = 1 from 1971 to 1981). The difference in differences
explores differential changes depending on a vector of state characteristics z;, including both
our key explanatory variable and additional controls.!* We consider two interactions. First,
the interaction with the indicator variable d; would capture a level break (/3) in the series
upon the introduction of federal emission standards. Second, we add an interaction with the
time elapsed since the creation of the EPA (d; (t — 1970)). This would capture a break ()
in the trend of emissions after the reform.

The switch to federal regulation should have an impact on the trend rather than the
level of emissions. The effect of regulatory changes is necessarily gradual because the object
of regulation is durable capital that is only gradually scrapped and replaced. In fact, the
standards introduced by the Clean Air Act and its subsequent amendments stipulated more
stringent regulation on new pollution sources than on pre-existing ones. Motor vehicles
provide an intuitive example: increasingly strict requirements were mandated for successive
model-years, so over time tighter standards applied to a steadily growing share of the U.S.
vehicle fleet (Kahn 1996). The same pattern holds for stationary sources: a particularly
significant case is differential regulation of old and newly built power plants, the main source
of SO, emissions (Nelson, Tietenberg, and Donihue 1993). In addition to the technological
constraint of natural capital turnover, the implementation of the Clean Air Act was also
somewhat gradual. The National Ambient Air Quality Standards were defined in 1970,
but compliance was expected to be achieved by 1975. The number of operating monitors
reading the concentration of air pollutants, a key factor in enforcement, increased steadily
throughout the 1970s (Greenstone, 2004).

Thus, the main testable predictions of Proposition 3 is that the coefficient v, on newspa-
per circulation should be positive. Yet, the finding of a differential decline in emissions on
the basis of newspaper circulation cannot be taken immediately as an empirical validation
of the model. The remaining concern is that information is not randomly assigned across
states. It might spuriously correlate with omitted determinants of a differential response
to the Clean Air Act. In particular, Proposition 3 predicts that uninformed regions benefit
from centralization by receiving a public good their residents desired but were incapable of
inducing local politicians to provide. Instead, a uniform national policy could also impose

emissions abatements on recalcitrant states whose residents do not share the environmental

(22 years). Therefore, replicated all our results with one-way clustering by state only. Since the standard
errors are very close in the two cases, we are confident in the validity of two-way clustered standard errors
in our application.

14We measure all state characteristics taking 1970 as the reference year
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preferences of federal policymakers.

To address these concerns, we introduce a battery of controls that capture possible alter-
native determinants of regional preferences for pollution. Each control is interacted with the
structural breaks in the same manner as newspaper circulation, so it should absorb its sig-
nificance if it is a better proxy for the true cause of a differential impact of the centralization
of environmental policy. Our controls belong to two main categories.

First, we introduce economic variables that ought to capture the respective costs of
pollution and pollution abatement. We begin with income and population, reflecting the
presumption that poorer states can ill afford environmentalism, while more sparsely popu-
lated states may incur lower costs from pollution. We also consider measures of industrial
specialization. States that specialize in particularly polluting sectors can be expected to have
a harder time reducing emissions. Finally, since SOs is primarily released by the combustion
of fossil fuels, we control for measures of energy consumption.

Our second set of controls captures the political environment of each state, beyond our
main focus on voter information. We measure partisan and ideological leaning on the grounds
that conservative voters and Republican politician are presumably less invested in environ-

mental protection and more skeptical of government regulation of polluting emissions.

9.2 Data

Our outcome of interest is sulfur dioxide emissions, summarized in Table 1. We use the same
data as Bulte, List, Strazicich (2007), who obtained from the EPA panel data on emissions in
the contiguous United States from 1929 to 1999. The availability of pollution data dictates
the level of disaggregation of our analysis. States are the finest geographic unit for which we
have emissions data both before and after the Clean Air Act. At the county level, pollution
data are completely unavailable before 1969; even after the creation of the EPA, emissions
were monitored in a very small subset of countries until the second half of the 1970s.16

Our preferred measure of pollution is the emission intensity of income, measured in tons
per real dollar. This choice reflects our focus on improvements in technique, and represents
our first step in controlling for a potential reduction in the size of economic activity due
to a tightening of environmental regulation. We show in the appendix that our results are
robust to alternative scalings of the dependent variable, including emissions per capita and

the density of emission per square mile.

15Proposition 6 analyzes theoretically the costs of imposing a homogeneous policy on regions with hetero-
geneous preferences

16Qulfur dioxide monitors were initially operating in 16 counties, and the sample did not grow to 100 until
1974.
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Table 2 lists summary statistics for our dataset. We proxy citizens’ information with
average daily newspaper circulation per capita. This is a particularly apt measure of vot-
ers’ ability to acquire information about government policy. Up to the 1980s, newspapers
were Americans’ main source of political news. Moreover, newspaper readers are better in-
formed and more involved in politics than consumers of other media (Graber 1984; Putnam
1993, 2000; Gentzkow 2006; Gentzkow, Shapiro, and Sinkinson 2011). Even in recent years,
newspapers remain an influential source of information on politics and environmental issues.
When they are subject to greater newspaper coverage, members of Congress more actively
support their constituents’ interests (Snyder and Stromberg 2010). We obtain circulation
data from Gentzkow, Shapiro, and Sinkinson’s (2011) dataset. Since their data are only
available for presidential election years, we select as our measure the average of newspaper
circulation per capita in 1968 and 1972.

Figure 1 shows the pattern of newspaper circulation per capita across the United States
around 1970. The colors depict four bands whose boundaries are at the cross-state mean
and one standard deviation above and below it. Some geographic clustering of high- and
low-information states is apparent. Beyond allowing for arbitrary spatial correlation of the
residuals through our two-way clustering strategy, we also check that the results are not
driven by region-specific common factors. We can focus on the role of information within
each Census Region by adding to the vector of explanatory variables x; a full set of dummies
for the four regions.

Standard economic variables are from the BEA Regional Economic Accounts. We use
average personal income both to construct the dependent variable and as a control variable.!”
We use Census population estimates to compute both newspaper circulation per capita and
population density.!® Moreover, we exploit the decomposition of state value added by major
industry groups (2-digit SIC sector).

Following Greenstone’s (2002) methodology, we categorize a sector as a heavy polluter
on the basis of EPA estimates of its contribution to total emissions by industry as a whole.
This procedure clearly identifies five polluting manufacturing industries: Paper and allied
products (SIC 26), Chemicals and allied products (SIC 28), Petroleum and coal products
(SIC 29), Stone, clay, glass, and concrete (SIC 32), and Primary metal industries (SIC
33). Each of these industry groups accounts for more than 10% of the aggregate industrial
emissions. Instead, every other 2-digit SIC sector contributes less than 5% of emissions.

In addition to the share of value added contributed by the sum of these five polluting

1T"We transformed amounts originally in current dollars into constant real dollars by using the U.S. GDP
deflator.
18Land area for each state is taken from the 2000 Census.

37



industries, our controls include the share of manufacturing and the share of Electric, gas, and
sanitary services (SIC 49). The latter is relevant because it includes power generation. Elec-
tric utilities were responsible for almost 56% of anthropogenic SO, emissions in the United
States in 1970 (90% of which from coal-fueled power plants), while the entire industrial sec-
tor accounted for 29%—half due to metals processing and the other by the combustion of
high-sulfur fuels in a variety of industrial processes.

Data on state energy consumption are from the State Energy Data System (SEDS) data-
base of the Energy Information Administration (EIA). We compute the fossil-fuel intensity of
income as the ratio of aggregate consumption of all fossil fuels (in Btu) to aggregate personal
income (in real dollars). Additional controls are the shares of coal and of motor gasoline in
total fossil-fuel consumption.

We measure ideology by the average DW-Nominate score of the state’s two U.S. senators.
The score ranks each member of Congress according to his ideology (left to right), based on
legislative roll-call voting behavior (Poole and Rosenthal, 1985). It proxies for the ideological
orientation of the voters the senators represent.

We consider two measures of partisanship. First, we compute the share of political
offices controlled by Republicans in mid-1970. We consider a total of six positions: the
governorship, the two U.S. Senate seats, the majority leaderships in the state senate and
in the state house of representatives, and finally the majority in the state delegation to the
U.S. House of Representatives. We collected data on state legislatures from the Book of the
States, and on all other institutions from Wikipedia.

Our second measure of partisanship is the share of Republican votes in gubernatorial
elections. Gentzkow, Shapiro, and Sinkinson (2011) provide the data for elections that took
place in the presidential years 1968 and 1972. We collected data on gubernatorial elections
from 1969 to 1971 from Wikipedia and the website www.ourcampaigns.com. Our measure of
partisanship around 1970 is the average share of the vote won by the Republican party in all
gubernatorial elections in the state from 1968 to 1972. We use the same data to construct a
standard measure of electoral evenness. For every gubernatorial election, the index is defined
by 1 — |% Republican — 0.5|. Hence, it equals zero if either party wins 100% of the votes,
and one if the two parties are exactly tied. Again, our overall measure is the average of the
indices for all gubernatorial elections in the state from 1968 to 1972.

We also control for proximity to the election of the state’s U.S. senators. The U.S. Senate
is divided into three classes of senators serving overlapping six-year terms, so that a third
of the seats are scheduled for re-election every two years. In the period of interest, Class
2 senators were up for re-election in 1972, Class 3 senators in 1974, and Class 1 senators

in 1976. We include among our controls a full set of dummies for the three possible cases,
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i.e., senators of Classes 1 and 2, 1 and 3, or 2 and 3. Finally, we include as a control
variable the share of white population (from the U.S. Census), to check for the possibility of

environmental racism.

9.3 Results

Before turning to our regression analysis, we can starkly visualize the main result in Figure 2.
The graph plots average sulfur dioxide emissions for two group of states: those with above-
average newspaper circulation in 1970, and those with below-average newspaper circulation.
The difference-in-differences emerges clearly: uninformed states have considerably higher
average emissions before 1970, and start decreasing them faster than the informed states
as soon as national emission standards are introduced by the federal government. The
convergence is gradual, but the break in the trend is dramatic.

Table 3 confirms this result in our full regression specification. Column (1), with no con-
trols, shows a differential break in the trend of SO, emissions after 1970, which is significant
at the 10% level. The impact of the Clean Air Act on pollution is a function of the level
of information in each state. As expected, the break in levels is not significant, but the
trends change differently as a consequence of the phasing in of federal air quality standards.
Consistent with our theoretical prediction, the speed of emissions abatement following the
Clean Air Act is inversely proportional to newspaper circulation. If newspaper circulation
in 1970 differed across two states by an amount equal to the standard deviation of the cross-
state distribution (.05 copies per person), the rate of decline of SOs emissions in the 1970s
compared to the 1960s was higher in the less informed state by 1.7 percentage points per
year.

The following columns sequentially add a set of controls. Their inclusion never has
a material impact on our key finding. The point estimate for the coefficient on newspaper
circulation is remarkably stable. Moreover, its precision increases as we add controls, reaching
the 5% and even 1% significance threshold. These results strengthen the empirical support
for the prediction of Proposition 3, and indicate that the effect of newspaper circulation is
unlikely to result from its correlation with an omitted variable.

Column (2) adds the basic controls for income and population density. Controlling for
income addresses concerns related to the environmental Kuznets curve. According to this line
of reasoning, air quality is a luxury good, so poorer states desire a higher level of pollution.
The Clean Air Act might then have imposed an inefficient emissions reduction on poor states,
compelling them to reduce emissions to a level suitable only for richer regions. However, the

coefficient on income is insignificant and has a negative point estimate, which seems to rule
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out this interpretation.

Controlling for population density speaks to a similar concern. Since pollution is more
harmful in more densely populated areas, due to its localized adverse health effects, the
Clean Air Act might have suboptimally compelled a greater reduction of emissions in low-
density areas. This does not seem to be the case, since there is no significant difference in
differences based on population density—even if the point estimate is positive in this case,
and marginally significant in column (3).

Column (3) also finds some evidence that the introduction of federal regulation had
differential effects depending on the concentration of polluting manufacturing industries.
Surprisingly, the regression suggests that the Clean Air Act immediately induced a greater
decline in pollution in states with a lower GDP share of polluting manufacturing. We should
not overemphasize this result: the coefficient becomes insignificant when further controls
are added in column (7). Moreover, it is paired with a large albeit imprecisely estimated
coefficient on the trend, so that any differential effect would seem to disappear before the
end of the decade. In any case, the absence of a significant negative coefficient dispels the
concern that the federal regulations might have forced overly stringent regulations on regions
with a specialization in polluting manufacturing industries.

The result also suggests that the effects of the Clean Air Act, and local policy before its
enactment, were not determined primarily by industry lobbying. Under this interpretation,
polluting industries would have pressured state politicians into adopting overly lax regula-
tions. This alternative scenario would also have implied a faster emissions reduction after
1970 in states with a greater specialization in polluting manufacturing, albeit with associated
welfare gains. The data, however, do not point to a sharper incidence of federal regulation
on states with a greater concentration of polluting industries.

Column (4) introduces ideology. We might be concerned that the states most affected
by federal environmental regulation are those that ideologically oppose it. We proxy voters’
ideology with the ideology of their elected representatives, and precisely with the average
DW-Nominate score of each state’s U.S. senators. We find no statistically discernible effect.
This suggests that differences in the impact of the Clean Air Act are driven by differences
in accountability, consistent with our model, rather than in ideology.

Column (5) includes region fixed effects, addressing the concern that the groups of more
and less informed states have an imperfect geographic balance, as seen in Figure 1. We
find that newspaper readership is an even stronger and more significant determinant of the
differential impacts of the Clean Air Act within than across regions.

Finally, Figure 2 might suggest that our finding are purely driven by a correlation between

information and the level of pollution before 1970. While this pattern would be consistent
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with Proposition 3, our econometric results are much stronger than a mere cross-section for
the period before 1970. The difference-in-differences specification allows us to test for state
fixed effects and constant state-specific trends. We provide yet stronger supporting evidence
in column (6), which controls for SO, intensity in 1970.

As expected, this control is highly significant and hardly affected by the inclusion of
additional controls in column (7). States that started with higher emissions have to reduce
them more rapidly as they converge to a uniform national level of pollution. Nonetheless,
the effect of information persists almost unchanged, and is more precisely estimated. This
combined evidence supports our reading that newspaper circulation explains not simply 1970
pollution as a whole, but more precisely a specific inefficient component of the emissions level.
Consistent with Proposition 3, lower voter information implied greater inefficiency of state

regulation, and thus a faster improvement after the switch to federal regulation.

9.4 Robustness

Table 4 explores the robustness of our results to different controls for the industrial structure
of each state and for its energy consumption. Both the point estimates and the significance
of the coefficient on newspaper circulation hardly change across specifications.

Column (1) in this table replicates column (3) of the baseline Table 3. Just as with
polluting manufacturing industries, we might be concerned that the Clean Air Act affected
primarily states that specialized in manufacturing as a whole, and that as a consequence
had optimally adopted non-restrictive standards before its passage. Column (2) finds no
evidence of such a pattern, which would imply a significant negative coefficient on the share
of manufacturing. Analogously, column (3) shows that there is no differential effect due to
specialization in power generation, the single most polluting sector (accounting for 56% of
SO, emissions, as opposed to 29% for manufacturing).

Columns (4) to (6) control for total consumption of fossil fuels, relative to income, and
for its breakdown by primary energy source. As expected, the Clean Air Act induced a
differentially faster reduction of SO, emissions in states with a greater reliance of coal, the
principal source of sulfur dioxide. Coal consumption is essentially a proxy for emissions in
1970, and accordingly there is a tight correspondence between Table 4, column (5), and
Table 3, column (6).

Table 5 expands the set of political control beyond the measure of ideology included in
column (4) of the baseline Table 3, which is replicated here as column (1). Our baseline
results are again remarkably robust. Column (2) controls for the share of white population.

The concern arising from environmental justice model is that, absent uniform prescriptive
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standards, non-whites face disproportionately more pollution due to their lower political
clout. If so, the Clean Air Act should disproportionately reduce emissions in states with
a lower percentage of white residents. We find instead that SOy emissions declined more
rapidly after 1970 in states with a higher share of white population.

Columns (3) and (4) control for partisanship.'® The Clean Air Act might have a dispro-
portionate impact in more Republican states due to stronger political opposition at the local
level. Overall, we find no evidence of a differential effect in Democratic- and Republican-
leaning states, whether measuring partisanship by vote shares in the gubernatorial election
or by the number of state-wide elections won by the Republican party. It is worth recalling
in this context that the Clean Air Act was passed by a Democratic majority in Congress,
but the creation of the EPA was proposed by a Republican president, Richard Nixon.

Column (5) controls for a differential effect on states whose elections are more evenly split
between the two parties. The absence of a significant effect is consistent with our theoretical
model, in which the margin of victory in the election is determined by random shocks rather
than by the underlying level of political accountability. Column (6) considers the proximity

of U.S. Senate elections, finding no effect.

9.5 Discussion

Overall, our empirical evidence supports the theoretical prediction that the Clean Air Act
induced a faster decline of pollution in states with lower newspaper circulation. This pattern
can be plausibly interpreted according to Proposition 3. The differential emissions abate-
ment represents the welfare gains that the uninformed reap from centralization. Federal
intervention solves a regulatory failure in states with low newspaper readership, whose local
governments failed to invest efficiently in environmental regulation.

Suggestive evidence of such a regulatory failure in uninformed states can be gleaned from
direct measures of local government activity. We look at two different regulatory inputs:
expenditures by state and local governments for air quality control, and actual regulations
implemented by states and local governments before 1970.

We obtain expenditure data from the U.S. Department of Commerce yearly report: “En-
vironmental Quality Control” (U.S. Bureau of the Census 1971, 1980). The report publishes
the yearly expenditure for air quality control by states, counties, and cities. Since the first
published report is for the fiscal year 1969, this source allows a rough comparison between

one year before the 1970 Clean Air Act to one after: we consider a decade and compare data

19Tn our sample, partisanship is distinct from ideology because party affiliation around 1970 masks substan-
tial ideological differences between the very conservative Southern Democrats and the more liberal Democrats
in the rest of the country.
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for the fiscal year 1969 and 1978. By combining state, county and city data, we construct a
measure total expenditure for air quality control regulation for each year and state. Splitting
the sample into two groups of states, based on average newspaper circulation in 1970, we find
that in 1969 spending relative to GDP in uninformed states was on average 71% as much
as in informed states. In 1978, spending in uninformed states rose to 86% of spending in
informed states. After the introduction of uniform standards, uninformed states closed half
the gap with informed states. Hence, the 1970 policy shift may have fostered convergence
of state and local government expenditures in air pollution regulation, with less informed
states gradually catching up to more informed ones.

Our second measure of regulatory input is the total number of standards implemented
at the state level before 1970. Our source are the hearings of the subcommittee on air
and water pollution of the U.S. Senate (U.S. Senate, 1970). The document reports the
standards adopted by states and local governments before 1970 on ten pollutants.?’ Counting
the number of pollutants that each state had regulated prior to 1970, we find that states
with above-average newspaper circulation had adopted four standards on average, while
uninformed states had adopted three standards only. The hearings also report the number
of states that had proposed or adopted emission standards for sulfur dioxide and for total
suspended particulate as a result of the provision of the 1967 Air Quality Act.?! 50% of
the states with high newspaper circulation had proposed or adopted emission standards for
the two pollutants, as opposed to only 25% of the states with low newspaper circulation.
This suggests that informed states were putting more effort in the development of air quality
standards, while uninformed states were in greater need of federal intervention.

The benefits associated with environmental regulation are large and well documented.
Chay and Greenstone (2005) estimate the hedonic value of the improvements in air quality
induced by the Clean Air Act through their impact on housing prices. By using data on
total suspended particulates, they find that better air quality caused a substantial increase in
house prices, which amounted in the aggregate to $45 billion (in 2001 dollars). Furthermore,
air pollution is shown to be positively related to infant mortality. Chay and Greenstone
(2003) estimate that a reduction in suspended particulates by 1 pg/m? is associated to
approximately 200 additional infants per year surviving to one year of age in the United
States.

20The ten pollutants are carbon monoxides, beryllium, fluorides, hydrogen sulfide, lead, nitrogen oxides,
sulfur dioxides, sulfuric acid, suspended particulates and total oxidants.

21 The 1967 Air Quality Act required that states establish air quality control regions and that the De-
partment of Health, Education, and Welfare promulgate criteria to serve as the basis for setting emission
standards. States would then use the HEW information to set air quality standards. Under the Air Quality
Act, states retained autonomy in their decision of setting the criteria.
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On the other hand, a legitimate concern is that clean air may come at the cost of a
deterioration in local economic conditions. Plants may choose to relocate away from tightly
regulated areas, implying an inefficiency at least for a subset of states. At the local level,
air quality regulation does affect industrial location and causes reductions in employment,
investment and shipments (Henderson 1996). Tight environmental standards affect most
sharply heavily polluting industries, which experience a reduction in employment, output,
capital stock, and total factor productivity (Greenstone, 2002).

Our finding that the differential effects of the Clean Air Act are not determined by in-
dustrial composition suggests a limited role for displacement. We test for displacement more
directly by examining differences in differences for outcomes related to economic activity
and industrial composition. In Table 6 we run the difference-in-differences specification from
equation 24, replacing emissions on the left-hand side with eight variables that may have
been affected, directly or indirectly, by abatement efforts mandated by the Clean Air Act.
On the right-hand side, in addition to newspaper circulation, we include our fundamental
controls: income and population density.

We find no significant differential effect of information on income or population density
after 1970. After the passage of the Clean Air Act, states with lower newspaper circulation
experienced a faster reduction in pollution, but neither slower income growth nor slower
population growth. This finding lends support to the view that federal intervention helped
the uninformed without harming them, neither by reducing their income in the short run,
nor by reducing the appeal of the state and inducing outmigration in the longer run. The
differential reduction in pollution was derived without any impact on the scale of economic
activity.

There is limited evidence that more informed states had a slower decline in the share of
polluting manufacturing industries after 1970. This suggests that at least some displacement
may have occurred, although the significant coefficient is on a break in the level of the
series, rather than on its trend, where it would be expected due to the gradual phase-in
of environmental regulation.?? In any case, the economic impact of such displacement is
quantitatively minimal. Considering two states whose 1970 newspaper circulation differed
by one standard deviation (.05 copies per person), the rate of decline of pollutant emissions
in the 1970s compared to the 1960s was higher in the less informed state by 1-2 percentage
points per year. At the same time, its share of value added in polluting manufacturing

industries would suffer a one-time decline by 0.1 percentage points.

22Moreover, the statistical significance of this coefficient uniquely depends on the choice of two-way or
one-way clustering. If we rely, conservatively, on the larger of the two standard errors, the null hypothesis
of no differential impact cannot be rejected.
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There is no evidence of displacement for manufacturing as a whole, nor for the single most
polluting sector, Electric, gas, and sanitary services (SIC 49, which is not a manufacturing
industry). If the differential reduction in pollution in uninformed states after 1970 was
accompanied by a change in the composition of economic activity, this change was of very
limited size, and restricted in scope to highly polluting manufacturing industries.

Having ruled out changes in scale and substantial changes in composition, we conclude
that the differential impact of the Clean Air Act operated through differential improvement
in technique. Our baseline analysis showed that uninformed states achieved faster reductions
in the emission intensity of income after 1970. Table 6 explores the channel in greater detail
and finds evidence in particular of an impact on the fuel intensity of income. Aggregate
consumption of fossil fuels fell more quickly in states with lower newspaper circulation. In
this case, too, the impact appears to be entirely on technique and not on composition,
since there is no differential effect on the share of coal or of motor gasoline in total fuel

consumption.

10 Conclusions

Political accountability and the quality of government vary across regions within a country
like the United States, and across member states of international organizations like the
European Union. In this paper, we have shown that such regional differences imply that
centralization increases political accountability.

Our model emphasizes the role of differences in voters’ information. Rent-seeking politi-
cians have better incentives when their constituents are more informed about the provision
of public goods. We have shown that electoral discipline has decreasing returns. Therefore,
a central politician answerable to the whole national electorate extracts lower rents than
a collection of local politicians, some monitored tightly by well-informed voters and some
loosely by poorly-informed constituents. Hence, we have found that centralization reduces
rent extraction whenever voter information is heterogeneous across regions. This result can
help to explain the steady growth of the federal government over the history of the United
States, and the sharp increase in the scope and extent of the powers of the European Union
since the 1970s (Alesina, Angeloni, and Schuknecht 2005).

Our model also predicts distributional consequences of centralization when regions have
different levels of information. When the central government provides public goods uniformly
across the union, the benefits of centralization are monotone decreasing in voter information.
We have tested this prediction by analyzing the differential impact of the 1970 Clean Air Act

across the United States. Beforehand, environmental regulation was in the hands of state
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and local governments. In 1970, the federal government took charge and started introducing
uniform national standards. We have found significant and robust evidence of differences-
in-differences. Consistent with our theoretical model, centralization of environmental policy
induced a faster decline in pollution in states with lower newspaper readership.

The finding that centralization benefits the least informed regions hinges on uniform pub-
lic goods provision, as in the case of national air quality standards for pollutant emissions.
In our model, we have shown conversely that if the central politician can differentiate local
public goods provision across regions, he targets the most informed. While uniform policy
entails a transfer of accountability from the informed to the uninformed, discretionary spend-
ing reflects a transfer of power from the uninformed to the informed. Thus we have identified
the balancing role of a uniformity requirement for central-government policies. Some unifor-
mity is necessary for centralization to be welfare increasing. A carefully calibrated constraint
can ensure that centralization is a Pareto improvement over decentralization.

Our framework encompasses differences in preferences across regions and externalities
from public goods. We have shown that our model provides political-economy microfounda-
tions for the building blocks of the classic theory of fiscal federalism. Centralized public-good
provision must be subject to a uniformity constraint, or else it will determine welfare-reducing
regressive redistribution. An endogenous trade-off emerges between lower rent extraction
under centralization and preference-matching under decentralization. Furthermore, public-
good spillovers imply that centralization is more efficient than decentralization because it
reduces rent extraction, raises government productivity, and improves the budget allocation
across public goods.

Finally, our model sheds light on the characteristics of a federal system with overlapping
levels of government: a central federal government and decentralized local governments. Such
a structure is meaningful when regions have identical preferences over some public goods
but different preferences over some others. We have shown that political-agency frictions
determine endogenous economies of scope in government activity. The division of powers
in a federal structure then raises rent extraction relative to complete centralization, and
possibly also relative to complete centralization. As a result, we have found that federalism

can be welfare-maximizing only if regional differences in accountability are sufficiently large.
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A Derivations and Proofs

A.1. The Model with Multiple Public Goods

Individual ¢ in period ¢ derives instantaneous utility

P
ul = 1t + Z a; log g+, (A1)

p=1

where @! is exogenous utility from private consumption, and g, ; the provision of public good
p. The relative importance of each good for individual 7 is described by the shares oz; >0

such that Z;D:l ol = 1.
Public goods are produced by the government with technology

Gpt = €1, (A2)

where x,; measures per capita investment in each public good p. Productivity 7, , represents
the stochastic competence of the incumbent politician in providing good p. It is independent
across public goods, and it follows a first-order moving average process

Mpt = Ept T Epi—1- (A3)

The shocks €, are independent and identically distributed across goods, over time, and
across politicians. They have support [£,£], mean zero and variance .
Each period, the incumbent politician extracts a rent

P
Ty = b — Z xp7t. (A4)
p=1

All voters have identical rational expectations that public-good provision if the challenger
wins the election is going to provide utility

P P
E (Z a, log ggtH) = Z a, log 7. (A5)
p=1 p=1

Uninformed voters expect no difference in the utility value public-good provision whether
the incumbent is reelected or the challenger defeats him:

P P
Ao =E (Z abloggl, .\ — Z al log ggtH) = 0. (A6)
p=1 p=1

Informed voters, instead, expect a difference in the utility of public goods provided by a
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reelected incumbent relative to a victorious challenger equal to

P P
Al (g) =E Do (loggpiale) — D aplog gl
p=1 p=1

P P
= Z B (epilgps) = Z a, (log gps —log T, — gps-1) . (AT)

p=1 p=1

In a rational expectations equilibrium their inference turns out to be perfect (z, = ),
accurately revealing ¢;.

The electorate consists of a continuum of atomistic voters, which can be partitioned into
J groups. Group j comprises a fraction A; of voters, who have identical preferences o/ and
an identical probability 6, of information acquisition. Each group j comprises a continuum
of agents and the arrival of information is independent across agents, so a share 6; of its
members have observed public goods provision g;, while the remainder 1 — 6; have not.

The preference shocks ¥, ~ U [—1/(2¢),1/ (2¢)] and ¢} ~ U [—4, 9| have a sufficiently
wide support, and the competence shocks ¢,; have sufficiently narrow support, that

L Py P (A8)

2¢ 20 ~ T 29

Given the independent realizations of the uniform idiosyncratic shock 1, the share of
members of group j who vote for the incumbent is

v] (g, ;) =0, Pr (Wg < Aji (g:) — \Ift) +(1—0;)Pr (wi < —‘I’t)

—_
—_

conditional on the realizations of g; and ¥,;. Taking into account the uniform aggregate
shock W,, the incumbent’s probability of re-election is

J J
. 1 .
T (gt) = Pr (Z Al (g, W) > 5) = Pr (‘I’t < Zgj)‘jAjl (gt))

=1 i=1

J

1 .
=5+ ¢ 0,00 (g) (A10)
j=1

conditional on the realizations of public-good provision g; Thus, taking into account the
mean-zero competence shocks ¢, ;, the incumbent’s probability of re-election is

J P
(%) = Blm(g)|x] = % + gbz 0, Z ozf) (log z,; — log ;) (A11)
j=1

p=1

as a function of his policy choices x; (and residually 7).
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A.2. Proof of Proposition 1 and Corollary 1

The trade-off between current and future rent extraction leads to policy choices
P
x (R) = arg max {b - Z Tyt + R (Xt)} , (A12)
Xt p:1
namely

J
7, (R) = ¢RY 0;)\al forallp=1,.., P, (A13)

=1
and thus current rent extraction

r(R) =b— ¢OR. (A14)

By equation (11), equilibrium rent-extraction is

20 -\
r=b (1 + ﬂw) : (A15)

which is decreasing and convex in 6.
Investment in the provision of public good p is z, = 3, (1 — p) b, with relative shares

J
0.
B, = Z ?j)\jaé. (A16)

j=1

The incumbent is re-elected if and only if

J P
\I’t S Z 9j>\j Z &;€p7t. (A17)
j=1 p=1

Let x, be an indicator variable for this condition. The competence of ruling politicians
evolves according to

M = Xi—1 (5tI—1 + 5{) + (1 - Xt—l) (5$—1 + 5150) ) (A18)

where the superscripts I and C' refer to the incumbent and challenger in the election at the
end of period t — 1.
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The cumulative distribution function of ability 7, , is

Pr (ﬁp,t < 77) =Pr [Xt—l (5zl>,t—1 + 6;{;,15) + (1 - Xt—l) (5;%—1 + 5;§t) < 77]
= Pr (Xt—l =1A 5{;,#1 + €;I7¢ < 77) + Pr (Xt—1 =0A 55,1571 + Egt < 77)

J P
. 1
= Pr (\Ift_l < Z A0 Z ozflgq,t_l A 6{,715_1 + af,’t < n) + 3 Pr (égt_l + 51% < 77)

j=1 q=1

I (lwzxjeﬂ;) Fon—2) o (2)de, (A19

where F; (¢) is the cumulative distribution function of €,; and f. (¢) its probability density
function. Since

/oo eF.(n—¢) f-(e)de =B[eF.(n—¢)] <EBeE[F.(n—¢)] =0, (A20)

o0

. . J - . oA .
an increase in ) 5, A;0;7 induces an increase in 7), in the sense of first-order stochastic
dominance.

The unconditional expectation of ability 7),,, is

J P
. * (1 A
Eilyy =B (Xe_16pt-1) = / (5 + gbz A0 Z ozflaq> epfe (gp) dey
-0 j=1 q=1
J
= g0 Nfjal. (A21)
j=1

The equilibrium utility of each member of group j equals

P

P
Bu; = Z alElog g, = logb + log (1 — p) + Z o), (B, +log 3,) - (A22)

p=1 p=1
If voters have identical preferences o/ = «a for all j, social welfare is simply

P
Eu =logb+log(1—p)+ Z a, (apefo” +logay) (A23)

p=1

which is increasing and concave in 6.

A.3. Equilibrium with Many Regions

When the economy is divided into L regions, there are L P public goods: g, is the provision
of public good p in location [ at time t.
We allow for the externalities in public-good provision, measured by an index &, € [0, 1].
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A resident of region [ derives utility
l L— !
a,=(1- —5 o, >0 (A24)

from the amount of public good p provided to his own region, but he may also derive
additional utility

1
o/mp = zgpaé for I #m (A25)

from the amount provided in each other region. Thus we can write the utility of individual
7 in region [ as

P

ul = 1k + Zé 1—£)logglpt+—210ggmpt. (A26)

Under decentralization, in each region [ a local politician with ability nfp,t independently
invests in the provision of public goods xfp’t and extracts rent

P

tht =b— Z xll?p’t. (A27)
p=1

Under centralization a single politician with ability ngt chooses investment in public
goods z¢ ¢ for all [. and extracts rents

L P
=00 -S4l (A28)

=1 p=1

A.3..1 Decentralization

Under decentralization equilibrium rent extraction is

P —1
1+ 2@¢ (1 - % nga;> el] , (A29)
p=1

the expected ability of a local politician is

oP

L—-1
Eﬁll?p = ¢U2 <1 — —gp) aéﬂl, (A30)
and the relative shares of each local public good are

(1- 56, o]
1P
% Zq:l 5qOéé‘{

BL, = n (A31)
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Welfare in region [ is

P D b
1-¢,) [log (1= pf’) + Eiy,, +log 3

EulP =1 b+ l p l l,]i Ip ,

U, og ;O‘p{ +%’ Zﬁz:l [log (1 — pg) —|-Eq7727p _|_]0g5£’%p}

and aggregate welfare is

1 L P
WP =logb+ > > [(1-¢,) 0 +&,a] [log (1= pf") +Biy), + log 5]

for

ll

L
1 z
ay = E .

1=1

A.3..2 Centralization

Under centralization equilibrium rent extraction is

C=(1+ 2 ®0 ilf 9—12%9
and the expected ability of a central politician is

90
=1

(A32)

(A33)

(A34)

(A35)

(A36)

We partition the P public goods into a set U of public goods whose centralized provision
is subject to a uniformity constraint, and a complementary set D of public goods that the
central government can instead provide in different amounts to different regions. Then the

relative shares of each local public good are
L
1 0,
5,(5: ﬁZ?O‘é forpeld
=1

and
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Welfare in region [ is

BEu; = log(Lb)—Hog 1— —1—204 Enp —1—204 logﬁc
peU
+Za [ logﬁlp—i-—Zlogﬁ (A39)
peD
and aggregate welfare is
W = log (Lb) + log (1 — p°) + Z a,EnS + > a,log B
peEU
| LF ¢ L
+7 > al [(1 —¢,) log 87, + f” > logfG,| - (A4d0)
=1 peD m=1
A.4. Proof of Proposition 2
Aggregate rent extraction is lower under centralization if and only if
1 L
c 2t D
P = L lzlpl ) (A41)
which can be written
L P
1 1 L—1 l
f(zZ@) < ZZf<<1—TZ§p%) 91) (A42)
=1 =1 p=1
for
26 !
fxy=(1+ oz (A43)
2—9
a strictly decreasing and strictly convex function of x > 0:
, 26 26 -
and ) ;
20 20 -
" — = 1 .
1" (x) <2—6¢) < +2_5d)x) >0
Thus
f lie <lif(9)<lif 1—5i5 H g (A45)
Ll:ll _Lz:1 Z_Lz=1 L p:1p% A



The first inequality follows from convexity by Jensen’s inequality and holds strictly if 6; is
heterogeneous across regions. The second inequality follows from monotonicity and holds
strictly if £, > 0 for some p.

A.5. The Decentralization Theorem

Proposition A1 Suppose that all public goods provided by the central government are sub-
ject to the uniformity constraint (D = &) and that information is homogeneous across regions

(0, =0 for all l).

1. If there are no externalities and preferences are homogeneous (aé = a, for all | and
§, =0 forallp ), then centralization and decentralization yield identical outcomes.

2. If there are externalities and preferences are homogeneous (aé =, for all I, while
£, > 0 for some p ), then centralization yields higher welfare than decentralization.

3. If there are no externalities and preferences are heterogeneous (§, = 0 for all p, while
aé # a7t for some I # m and p), then decentralization yields higher welfare than
centralization.

Suppose that all public goods provided by the central government are subject to the
uniformity constraint (D = @) and that information is homogeneous across regions (6, = 0
for all /). Then under centralization

1_

Zap. (A46)

2 R _
p¢ (1 + rgbﬁ) , Eng = ¢o’0a,, and Bg =

while under decentralization

or

P -1
1+ 22—5¢9 (1 — % > gpa;)] : (A47)
p=1

L
77zp = o0 (1 — T1§p> a, (A48)

and

B, = (1 - L—f ) (A49)

1. If there are no externalities and preferences are homogeneous (!

, = «p for all [ and
¢, =0 for all p), then

26 N\ X
p¢ =pP = <1 + m(b@) , Eng = ]Enll?p = ¢o*fa, and Lﬁg = pr = a,. (ABD)
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2. If there are externalities and preferences are homogeneous (c/!

= q, for all [, while

P
§, > 0 for some p), then under centralization
20 o . C 2 c
p¢ 1+ r(bé’ , Bf), = ¢o“Oay, and L3, = ay, (A51)
and
P
W =logb+log (1—p°) + > a, (Bif +logay,) . (A52)
p=1
Under decentralization
-1
b _ 26 —1¢ o
PP =14 500 |1 L =2 &) =7 (A53)
p=1
P = g0 (1— L2 Eq¢ A54
nl,p - ¢O- - Tgp ap < npﬁ ( 5 )
1—Le ) a
651) — ( — L f;p) , (A55)
1 L Zq:l fqaq
and
P
WP =logb+ log (1 — plD) + Z a, (Eﬁfp + log ﬁfp) ) (A56)

p=1
Centralization achieves the optimal allocation of productive expenditures, while decen-
tralization does not unless &, is homogeneous across goods.

Thus welfare is lower under decentralization due to increased rent extraction, lower
government efficiency, and also misallocation of expenditures across public goods unless
¢, is homogeneous across goods.

. If there are no externalities and preferences are heterogeneous (£p = 0 for all p, while
ozé # a;' for some [ # m and p), then under centralization

W =logh+ log (1 — i i Oé; [Eﬁg + log (Lﬁg)] , (A5T)
1=1 p=1
while under decentralization
pP (1 + 22—_5gb6’> B = p°, ]Ef]lj?p = gbaQQOzé, pr = ozé (A58)
and .o
WP =logb+log (1-p”) + % > ol (Bip, +log B),) - (A59)
I=1 p=1
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Decentralization achieves the optimal allocation of productive expenditures, while cen-
tralization does not. Moreover, decentralization achieves a better screening of politi-

cians »
% Z Z abBip, > Z Z alEnS (A60)
=1 p=1

llp—

because for each public good p

S (1) o

hl
hl

unless aé = q,, for all [.

A.6. Proof of Proposition 3

Suppose that all public goods provided by the central government are subject to the unifor-

mity constraint (D = &), and that preferences are homogeneous across regions (aé = q, for
all ).
Then under centralization
20 o Ne; 2 7 c
p¢ 1+ QTQSH , Bf), = ¢o”a,f, and B, = ay, (A62)
SO )
Gipa = 50 exp (i) = 8507 (1= p%) exp (if)) (A63)
and
P
W =logb+log (1—p) + > a, (Bif +log B5) . (A64)

p=1

Under decentralization

1
20
D __
=t o— (1——250%) ] ; (A65)
R L—-1
Enl?p = ¢o? (1 — Tﬁp) a,by, (A66)
and ( L )
—_ =22 o
BL, = —L e P (A67)
D . LLl 25:15 ,
SO
glj?p,t = le?),t exp (ﬁl[,)p) = Bll?pr (1 - plD) €xp (ﬁfp) (AG8)
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and
P

L
Z logb+log (1 — p) + Z Qp (Eﬁll?p + logﬁlj?p)

p=1

wP

h |

(A69)

Note that 86171,/ 00; = 0 and 9pP/00; < 0. Recalling the proof of Corollary 1, ﬁl/?p is
increasing in ¢; in the sense of first-order stochastic dominance, so JE exp (ﬁfp) /00, > 0.

Since gfp’t is identical for all regions, it follows that

E (gli) — glf)p) > (gnc%p — gn[i’p) & Egll?p < ng;’p &0, <0,
Similarly for residents’ welfare
E(ulc—ul)>E( D)<:>EulD<EuD<:>
P
Z a, (1 — fp) [log (1 — pl —I— Enlp Zap log (1 -0 ) + Eﬁfp] &
p=1
(9[ < 9m
For aggregate social welfare W¢ and WP:
1. The welfare cost of rent extraction falls with centralization:
1 L
log (1 —pc) > EZlog (1 —plD)
1=1
which can be written
L P
1 L-1
AR I ((BE= ST
=1 p=1
for 3
f(z) =logz —log (1 + 25¢x>
a strictly increasing and strictly concave function of z > 0:
5 _1
f(x) = {x (1 + 6(;5:1:) >0
and )
o 20 Bl
1" (x) =— [1—1— 2_59254 {x (1—1— 5 5q§x)] <0
Thus
L L P
1 1 1 L-1
- > = > R
r(xn) 2 5rme 3 (-5 o))

(AT0)

(AT1)

(A72)

(A73)

(AT4)

(AT5)

(AT6)

(AT7)



The first inequality follows from convexity by Jensen’s inequality and holds strictly if
0, is heterogeneous across regions. The second inequality follows from monotonicity
and holds strictly if §, > 0 for some p.

2. Average efficiency in providing each public good p is weakly higher under centralization

L
oo 1 .
Eij, > + > Eij, <&, >0, (AT8)

=1
with joint strict inequality.

3. Centralization achieves the optimal allocation of productive expenditures, while decen-
tralization does not unless &, is homogeneous across public goods.

Thus centralization cannot decrease welfare if preferences are homogeneous across regions
(aé = q, for all ), and it strictly increases welfare if information is heterogeneous (6, # 0.,
for some [ # m) or there are externalities in the provision of public goods (£, > 0 for some

p)-

A.7. Proof of Proposition 4

Suppose that preferences are homogeneous, information is heterogeneous, and there are no

externalities (Oéé = apfor all I, 0; # 0, for some [ # m, and {, = 0 for all p). Under

decentralization, welfare in region [ is

P
EulD = log b + log (1 — plD) + Z a, (Ef]fp + log pr) , (AT9)
p=1
for )
20 - .
pP = <1 + —gb@l) , Enf?p = ¢o’a,l;, and ﬁfp = Q. (A80)
Aggregate welfare is
— logh 1 2 3590 A81
0g —f-ZOzpogap—i—gba Za+ Z 1+25¢9 ( )
Under centralization, welfare in region [ is
Euf = log (Lb) + log (1—p%)+ Z apEnp + Z a, log BC + Z a, log Blp (A82)
peU pED
for
120 5)BiC = g0y, 5 = % for p e, 57, = 20 g D. (A83
p© +2T¢ ) 77p—¢004p>/3p—f orp€elU, B, Y] or pe D. (A83)
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Aggregate welfare is

P P
w¢ zlogb+Zaplogap+¢a2éza§

28

520500 1 & _
2-5 B 1 B
+ log 11 Za gy + (1 — ay) 7 IEZI logf, —logf | . (A84)

2—6

Then aggregate welfare is greater under centralization if

L
o o (1+ 20) — z L Xl log (1+52%500) _ Gy € (0.1). (A85)

logd — + lel log 0,

Centralization is welfare-reducing if there is no uniformity constraint (ay; = 0).
The gains from centralization for region [ are

c D 1+22_—66¢91 01 7 2 - 2
E (Ul — U ) = 1ng — Ozulog? — (0[ - 0) (bO' pXZ;Oép. (A86)

If there is no uniformity constraint (ay; = 0) then

OE(UZC—UID) 2—0 -1 2P 9
a0, ( 250 +91) o ;a” (487)
and , ( o D) )
O°E (v — vy, 2—6 -
6012 = — (W + ‘91> < 0. (ASS)

Therefore, if
24 o
=1

then E (uf — uf) is monotone increasing in §; € [0,1], so 6; < 6,, implies E (uf — uf’) <

E (u —ub).

A.8. Proof of Proposition 5

Suppose that preferences are homogeneous and there are no externalities: aé = ay, for all [

and £, = 0 for all p. In the proof of Proposition 4 above we established that centralization
increases aggregate total welfare if and only if oy > ayy > 0.
Welfare in region [ is

BEu’ = logh + log ¢ : + 0,00> Z a, + Z a,log oy, (A90)
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under decentralization and
2265 ¢é P P 9[
c — P 2 : 2 Z
EUZ = IOg b —+ log W + 9@50’ ~ Oép —+ < Oép lOg Oép + (1 — Oéu) log ? (Agl)

under centralization. Thus region [ benefits from centralization if and only if

26 "
log (1 + —5¢9,) — 0,00 Z ai — ay log 0,

9 _
p=1
>1125éé2p219A92
2 log (14 5=l | — 0o p;oép—OéUOg- (A92)
For ease of notation, let
26 d
_ _ 2 2

A=—¢and T =¢o ; a. (A93)

The gains from centralization are described by the function
g (91) = log (1 + Aé’l) — 291 — Oy log Ql, (A94)

with derivative

A D Oéu__Oéu—[(l—O{u)A—E]el—i‘EAng

Vo v u A
g (1) 1+ AG, 9, 1+ AG) 0, (A95)

The numerator is negative and increasing at #; = 0 if and only if A > ¥ and 0 < ayy <
2
1—3%/A. The quadratic has a positive determinant if moreover a;; < <1 —VX/ A) . Thus,

if and only if
2
by
Z<Aand0<au<<1—\/z> , (A96)

the function ¢ (6;) has a unique interior minimum at

A= - Aay— (A~ £)? — 28 (A +5) ay + A%}

b= AT (A97)

If and only if

A _
and oy = o, = (1+A@_Z>0 (A98)

7\ 2

< - -
(14 A0)

the function ¢ (;) has a unique interior minimum at 6 and is monotone decreasing for
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0, € (O, 9). It is monotone increasing for ; € (9, é) until it reaches a maximum

- 1 1
0= ——— — —. A99
Y(1+A0) A (499)
A perfectly informed region (6, = 1) prefers centralization with uniformity «;, to decen-
tralization if (but not only if) # > 1, namely if

A

S0 A (1750 (A100)

Thus,
ot <5’ =

P -1
(1 + 22—_5¢) ( %d)é) Zaf,] < 42 (A101)
p=1

is a sufficient but not necessary condition for centralization to be a Pareto-improvement over
decentralization provided that ay = of, (6, %), such that

Oay, A Oay,
“ — - >
90 1+ Ad 0 and (902

=—0<0. (A102)

Finally, of, (6,0%) < p© implies ay < o, (0,0%) < p© since a Pareto improvement implies
an increase in aggregate welfare.

A.9. Proof of Proposition 6

If there are no externalities and preferences are heterogeneous (£, = 0 for all p, while aé # oy’
for some [ # m and p), then under decentralization aggregate welfare is

P

0,
W7 = logb + Elog gy + 60 ZE[QZ } Y E(allogal), (A103)
25¢ ! p=1 p=1
while under centralization it is
2
WC =logh + log ———— = E&l + o ZE (610
+ Z Eap log & (Qlap + Z E [aé log (Qla;)} —logEf,. (A104)
peU peD

The welfare comparison can be decomposed into three elements.

1. Centralization with heterogeneous information induces a reduction in rent extraction

0
> Elog (1 —p’) =Elog #. (A105)

log(l—pc):log2 25 g,
25¢

0;
DR ——
%6 T E6,
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2. Centralization with heterogeneous preferences induces a misallocation of ability: since
information 6; and preferences o are independent,

E (Hlaé) Ea; = K60, (Ea;)z < EOE [(aé)) 2] =E [01 (a;)q for all p. (A106)

3. Centralization with heterogeneous preferences and information induces a misallocation
of resources: since information #; and preferences o' are independent,

Z IE}@;7 log & (05043) + Z E [a; log (Hlaé)] — log B, =

peU peD

P
Z E (a; log Oélp) — Z [E (a; log afg) — Eaﬁ, log Eafg] — Z I[‘i?()z;fJ (logB6, — Elog0,)
p=1 peU pED
P
<Y E(allogal). (A107)

p=1

If no uniformity constraint is applied (4 = @) then centralization is welfare reducing
because the gain from reduced rent-seeking is less than the loss from resource misallocation,
even before taking into account the misallocation of ability:

2—9 2—90
: D _ 0y — 2-0 _ 2-0 >
01212) (WP —we) 10g< 250 —i—EGZ) Elog< 2 —1-95) > 0. (A108)

When the distribution of preferences is symmetric across goods, it is welfare-maximizing
to apply the uniformity constraint either to all or to none. Uniformity is preferable if and
only if

E (ol logal) — Eal log Bal,

]
Eap

log E6, — Elog 6, > =log P + PE (ol loga}) (A109)

Centralization with uniformity is preferable to decentralization (W¢ > WP) if and only if
the stricter condition

246 246
Elog ( 1 —log (1
%('+%w) (%(+2wm)
> log P + PE (o) log o) + E,¢o” P Var (al)  (A110)

hold.
For a given mean of the distribution of information Ef;, = 6, the left-hand side can be
written as Efy, (91; 0) for a function

. ) 2—90
fr (9;;9) = log (1 + 2(5(/591) — log (1 + M) (A111)
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such that

Pf 20¢) -2 45¢
8—4912 = |:(1 + 5 691) 91:| (1 + 5 _ 591) > 0. (A112)

Therefore, a mean-preserving spread of ; increases the left-hand side of equation A110 while
leaving the right-hand side unchanged: centralization with uniformity is then more likely to
be welfare-maximizing.

The marginal distribution of preferences for p necessarily has mean Ea; = 1/P. The
right hand side of equation A110 can be written as Efg (ozé,; 9) for a function

b2
fr (afg; ) =P [a; log 04; + O¢o? (a;) 2] — gf + log P (A113)
such that - X
o (ol )ng (al;0) =P (J + 29¢a2) > 0. (A114)
p p

Therefore, a mean-preserving spread of afg increases the right-hand side of equation A110
while leaving the left-hand side unchanged: decentralization is then more likely to be welfare-
maximizing.

Ifo,~B (@L, (1 - 9) L), a decrease in the homogeneity parameter ¢+ > 0 entails a mean-
preserving spread of information. If o has a symmetric Dirichlet distribution with con-
centration v its marginal distribution is beta-distributed with homogeneity parameter v P:
ol ~ B (v,v (P —1)). Thus a decrease in v entails a mean-preserving spread of preferences.

In both cases, a decrease in the homogeneity parameter entails mean-preserving spread
because a beta distribution with mean p € (0,1) and homogeneity v > 0 has density

1
B (pv, (1 —p)v)

The density ratio of two beta-distributed random variables X and Y with equal means pu
and concentration parameters vx > vy equals

f(x;p,v) = (1= 2) T for € [0, 1] (A115)

f@spvx) _ Blury, (L= p)vy) (0 1oy
f(z;pvy)  B(urx,(1—p)vx) [ (1 —2)"] ; (A116)

a log-concave function of z:

*  flzipvx) po 1—p
10g Z—(Vx—Vy) {P‘f‘m

Ox? 7 f (w51, vy) =Y (A7)

Therefore, Y is a mean-preserving spread of X (Whitt 1985).

In the limit as + — 0, the distribution of #; converges to a Bernoulli distribution with
Pr(6; = 1) = 0. In the limit as : — oo, §; converges to the deterministic value §. Thus the
left-hand side of equation A110 is monotone decreasing in ¢ from infinity to zero.

In the limit as v — 0, the distribution of a;f) converges to a Bernoulli distribution

with Pr (aé = 1) = 1/P. In the limit as v — oo, ozé converges to the deterministic
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value 1/P. Thus the right-hand side of equation A110 is monotone decreasing in v from
log P + 0¢c? (1 — 1/P) to zero

Thus, there exists a finite threshold © (¢, o) > 0 such that centralization with uniformity
is preferable to decentralization if and only if v > ©. The threshold is increasing in ¢. It is
increasing in o2 because so is the right-hand side of equation A110.

A.10. Federalism

Suppose the are no externalities: §, = 0 for all p.
From equations (A13) and (11), equilibrium rent extraction by a local politician in region
lis

pfz{r+3@ﬁu—xoaw+u—xnu—ama}_. (A118)

2—9
The politician’s expected abilities are

Efjy = (1 — xo) aodo0, and Eij) = (1 — x;) (1 — ag) 0”6, (A119)

and Eﬁfm = 0 for all m # [. He chooses shares

D (1—X0)CY0
20 = T a0 + (- x) (L —au) (A120)

. (1= ) (1-ao
— X1 — Qo D
ph = , B, =0 for all m # 1 A121
4 T et - (1 —an) 2y
for the allocation of his budget b” = b — b“ /L.
Equilibrium rent extraction by a central politician is

~1
;P=@+§%umemuwm% . (A122)

His expected abilities are
_ 0
Ei§ = xo0po0 and Eaf = y, (1 — ay) ¢azzl for 1 =1,2,..., L. (A123)

Given his budget b°, if he is entrusted with providing the homogeneously desired good
he chooses a budget share

1 Xo®o .
BS == if0el, A124
"= Txomo T i (I—a0) (A124)

or 1 6
Y = Xodo Zif 0 e D. (A125)

ZXoOéo +x1 (1 — ) 0

If the central politician is entrusted with providing the idiosyncratically preferred good,
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he sets a budget share

1 X1 (1 — ) 0, .
C—_ ! —iflel, A126
Bl L Xo®o + X1 (1 — ao) 0L ( )

or
l X1 (1 — ) @ a
L xp0 +x; (1 —ag) 6

Welfare in region [ can be decomposed into four components

B = nd S35, , =0 for all m # 1 if | € D. (A127)
Eu' = ul + ulﬁ + ulp + I[:*luf7 (A128)
The allocation of resources between the two levels of government has a welfare impact
up = [(1— xo) @0+ (1 — x1) (1 — )] log (b — bC/L) + xoao + X1 (1 — ag)]logb. (A129)
The allocation of each government’s budget has a welfare impact
ulﬁ = (1 — xg) aplog 5{?04—(1 —x1) (1 — ) log ﬂfl—i—xoao log ﬁoc—i-xl (1 — ap)log BZCJ. (A130)

Rent extraction by the different levels of government has a welfare impact

uly = [(1 = xo) a0 + (1 — x1) (1 — )] log (1 — p)
+ [xoto + X1 (1 — )] log (1 — p°) . (A131)

The selection of politicians according to their skills has a welfare impact

uy = (1= xo) 0By + (1 = x1) (1 — o) By + xoBilg +x1 (1 —ao) Bijf . (A132)

A.11. Proof of Lemma 1

The allocation of the budget between the two levels of government only affects welfare
through the therm Eu!. Every region agrees that the optimal allocation solves

max {[(1 = xo) a0 + (1 = x1) (1 = )] log (b = b/ L) + [xoct0 + x1 (1 — )] log b }

(A133)
and therefore is
b = [xo0 + x1 (1 — )] bL (A134)
and
b” = [(1 = xo) a0 + (1 — x;) (1 — )] b. (A135)
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A.12. Proof of Proposition 7

For local politicians,

D D
g% B 22%50409; (bP)* > 0 and 20 = 222 (1 _ o) g, (pP)" > 0. (A136)
N

For central politicians

o 200 L o2 op° 269
o ——2_50z«9(p) <OandaXl——2_§

(1—a)b(p°)” <. (A137)

In a fully decentralized state, aggregate rent extraction is

L -1
1 26
iy (1 ' _¢59,> . (A138)
In a fully centralized state, it is
20
7C = <1 + 2—_%0) <P (A139)

as in Proposition 2.
In a federal state, aggregate rent extraction is

b 26 -\ bo\ 1 <& 256 =
_F C C

= (14 (1= )2 1+ —a-

P bL< 2—5O‘°9> < bL)LH{ 2= 0‘0)91}

200 o\, 1-a - 20 !
ﬁF = Q) <1 + 5 _¢5a09> 0 Z |:1 + —d) 1 — Oéo) 91:| . (A141)

such that pf < p” if and only if

(1 + 226¢5a0@) B i { ( 200 l) {1 + ;L_‘f’d (1— ag) el} }_1 L (A142)

namely if and only if ag > @, € (0,1) such that

(1o 20) 251+ 220 [+ 25 0]} i




For a given mean of the distribution of information 6, = 6, the definition of @, can be
written Ef, (9;, Qp; 9) = 0, where

Fo(0,0:0) = {1+ A0) 1+ A(1—a,) 0]} " — (1+Aa,6) ", (A144)
such that
2f, IA2 a2+3(1—a,) +3A(2—a,) (1—a,) 0 +3A% (1 —a,)* 6] 0. (AL45)
007 {A+A0)[1+A01—a,) 6]} '

Therefore, a mean-preserving spread of 6, increases Ef, (91, Qp; @) = 0. At the same time,
OEf, (61, a,;0) /0a > 0. Hence da,/du > 0.

A.13. Proof of Lemma 2

Imposing the uniformity constraint on centralized provision of the idiosyncratically preferred
public good reduces welfare in every region because the utility-generating variety [ is then
provided in region [ in the amount BZC = ﬁfl /L.

Let w be an indicator variable denoting if the centralized provision of the homogeneously
desired good is subject to the uniformity constraint. Then with the optimal budget rule b¢

up + ujy =log b+ aglog g + (1 — ag) log (1 — axg)
+ (1 = w) xoe0 + x1 (1 — )] (log 0, — log §) . (A146)

Uniformity constraints do not appear in any other part of the welfare function, so
U] yey > ul|u—o < log 6, < logé. (A147)

This uniformity constraint increases aggregate social welfare, as in Proposition 3.

A.14. Proof of Proposition 8 and Corollary 3

Given optimal central-government budget and the welfare-maximizing uniformity constraints,
ul + ulﬂ =log b+ aglogag + (1 — ap) log (1 — ap) + x; (1 — ag) (log 6y — log ) . (A148)

Moreover, given the equilibrium levels of rent extraction,

uy + ujy + ul, = logb + aglog ag + (1 — ag) log (1 — ag) + log A
+ ap [(1 — Xo) log 0; + x, log 9} + (1 — ap) log 0,
(1 —xo) @0+ (L —xy) (1 —ao)
1+ A[(1 = xo) a0 + (1= x1) (1 = 0)] 0y
Xo@ + X1 (1 — o) (A149)

+ [ xoQo + 1—ap)llo =,
[XO 0 Xl( 0)] g1+A[X0a0+X1 (1—040)]9

+ (1= xo) @0 + (1 = x1) (1 — ao)] log
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Given the equilibrium skill of incumbent politicians,
Buy = 60 {ad [(1 = x0) 0+ x00] + (1 = a0)* (1= s + 31 ) 01} (A150)

Abstracting from differences between sample distributions and population distributions
thanks to the assumption of a continuum of regions (L — o), aggregate social welfare is

W =1logb+ aplogag + (1 — ap) log (1 — ap) + log A
+ ap [(1 — xo) Elog 0, + xo log EO] + (1 — ap) Elog 6,
(1 —xo) a0+ (1 —x1) (1 — a)
L+ A1 = xo) a0+ (1= x1) (1 = ao)] s
Xo + X1 (1 — @)
1+ Afxoao + X1 (1 — ao)] EO,
+¢o? [ag + (1 —ao)’ (1 — x1)] 6. (A151)

+ (1= xo) @0 + (1 = x1) (1 — ag)| Elog

+ [xo0 + x1 (1 — ag)] log

Under full decentralization (x, = x; = 0) social welfare equals

Wp =logh+ aglog ag + (1 — ap) log (1 — ap) + ¢o” [ag + (1 — 040)2] E6,

Ab,
+ Elog 1T Ad, (A152)

Under a federal structure (y, = 1 and x; = 0) social welfare equals

Wr =logh + aglogag + (1 — ag) log (1 — ag) + ¢0? [a + (1 — ap)?| E,
AapE6, A(l—ap),

2N L (1 gg)El .
T+ Aageg, T~ Blog ==

+ aglog (A153)

Under full centralization (x, = x; = 1) social welfare equals

We =logb+ aglogag + (1 — ag) log (1 — ag) + ¢o” [ + (1 — ao)ﬂ E6,
AR,

— 60?2 (1 — )* O, + log ———~—
oo ( ap) el+og1—|—AE91+

(1 — ) (Elogh, —logEf;). (Alb4)

Since the first line of all three expression is identical, for ease of notation we can rescale
social welfare measure by an additive constant and write instead

1
= -kl 14+ — Al
Wrp=—(1—ap)Elog |1+ = —aplog [ 1+ ! (A156)
E o & A (1 — Oéo) 91 Y008 AOéoEel ’
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and

1
We = — (1 — o) (log B, — Elog ;) — (1 — o)’ ¢’ 6, — log (1 + N, ) : (A157)
I

Welfare under a federal structure has limits

: 1 _ 1
lim Wrp = —Elog (1 + —> < lim Wr = —log <1 + AE9l> . (A158)

ap—0 Agl ap—1
Its first derivative is

oWp 1 1
=Eq{log |1 —
80&0 {Og|: +A(1—040)(9J 1+A(1—Ck0)91}

1 1
-l 1 — A159
[Og ( + AaoEel) 1+ AaOEGJ (A159)

with limits

8WF a WF

alér—r}o Oy = —oc and O};r_r}l Oayg - e (A160)
Its second derivative is
aZWF 1 ) 1 )
= El+A(1-— 0 — (1 + AogEf > 0. Al61
57 = T a Bl A0 = a0 0]+ - (1+ AagBh) (A161)

Welfare under full centralization has limits

lim WC = — (10gE91 — ]Elog 91) — ¢02E91 — log (1 +

apg—0

1
ARG,

1
li = -1 1 . (A162
< Jm, We Og( * AE@Z) (A162)
Its first derivative is
%WC = logEf, — Elog 0, + 2 (1 — ap) ¢o’Ef; > 0 (A163)
Qg
with limits
lim V€ _ log B0, — Elog 0, + 260°E6,; > lim MWe _ log B, — Elog 0;. (A164)
ao—0 Jog ao—1 OJag
Its second derivative is
*We 9
5 = —2¢0°E6; <0 (A165)
dag

It is never welfare-maximizing to assign powers so that the uniformly preferred public
good is decentralized and all idiosyncratically preferred public goods are centralized, because
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this would yield welfare
W_p=—(1—ap) (logEb, — Elog ;) — (1 — ag)” po’Eb,

1 1
— Eagl 1 —(1— 1 1 . (A1
Qg og( +Aa09,> (1 —ap) og{ +A(1—a0)E91 < We. (A166)

There is a threshold ap.c € (0,1) defined by We (ap~c) = Wp such that complete
centralization yields higher welfare than complete decentralization if and only if & > ap.c.
There is a second threshold ap.r € (0,1) defined by ap.r > 0 and Wg (ap.r) = Wp
such that a federal allocation of powers yields higher welfare than complete decentralization
if and only if ag > @pp. There is a threshold ap.c € (0,1) defined by ar.c < 1 and
We (apoc) = Wg (ap~c) such that complete centralization yields higher welfare than a
federal allocation of powers if and only if oy > apc.

Since Wp is independent of oy, Wr () convex and We (o) concave, with Wp (0) =
Wg(0) > We (0) and W (1) = We (1) > Wp (1), two cases are possible:

1. If apr < @p~c < @p~c then complete decentralization is optimal for ag € [0, ap~r],
a federal allocation of powers for ag € [@p~r, @r~c|, and complete centralization for
Qg € [@ch, 1]

2. If apc < @p~c < ap~r then complete decentralization is optimal for ag € [0, @p~c]
and complete decentralization for ag € [@p~c, 1], while a federal allocation of powers
is dominated.

For a given mean of the clistribution of information Ef; = 0, the definition of &p.r can
be written Efp.r (91, AD~F; 0) = 0, where

fonr (61, 0;0) = log (1 + ﬁ) —(1—a)log [1 + M]

— alog (1 + L—) , (A167)
ab

such that
Pfpr JLH202-a) A0 +3(1 - a) (AG,)?
007 {6, (14 A0) [1 + (1 — o) AB)]}?
Therefore, a mean-preserving spread of ¢; increases Efp.r (9;, AD~F; @). At the same time,
OEfp~r (QZ,QDNF;H) /O0a > 0 because OWp (ap~r) /0a > OWp/da = 0. Hence, dapp /0L

> 0.
The definition of ar.c can be written Efrc (91, apc: 0, O') = 0, where

(A168)

frec (01, 0p~030,0) = (1 — a)log {ﬁ 1+ 91}

1 _ . 1
+ alog <1—|—A @> (1—a)logl— (1 —a) ¢po=0 — log <1+A9)’ (A169)

«
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such that , , 5
0° fr~ A (1 —
fro =) (A170)
07 L+A(-a)]
Therefore, a mean-preserving spread of 6, decreases E fr..c (9l, apc; 0, a) . At the same time,
8EfFNC (91, AF~C; ‘9, O') /(904 > 0 because 8WC (aF~C> > GWF (@ch). Hence, a@ch/aL <
0.
In the limit as ¢ — oo information becomes perfectly homogeneous (6; = 6), so

1
lim Wp =—log 1+ — AlT71
lim Wp og( + M), (A171)
while
lim Wrp =—(1—ag)lo 1—1—; —aplog [ 1+ ! (A172)
1—00 B 0 & A (1 — Oé[))é 0708 AOK[)@ ’

which is symmetric around its minimum ag = 1/2, and

— 1
lim We = — (1 — ag)” 006 — log (1 + A_@> . (A173)
Thus
lim Ap~Cc = lim app =1> lim AF~C- (A174)

In the limit as ¢ — 0 information becomes maximally heterogeneous (Pr (0, = 1) = 6 and
Pr(6, =0) =1 —6). Then lim, .o Wp = lim, .o Wr = lim, ,c W = —o0, with well-defined
ratios

CWr . Wo CWe

Intuitively, a fraction 1 — 6 of regions unavoidably tend towards no provision of their ideal
variety of the idiosyncratically preferred public good, but they also tend towards no provision
of the homogeneously desired good if and only if its provision is decentralized. Thus

hr% Apofp = hIIS ap~c =0 < lim AF~C- (A176)

Thus, there exists a finite threshold 7 (o) > 0 such that ap.c < @p.c < ap~r if and
only if © > 7. The threshold is increasing in o because an increase in o shifts down Weg
while leaving Wp and Wr unaffected. Hence, Oapc/0do > 0 and and dap.c/Jo > 0, while
854 D~F / 80’ =0.
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A.15.

Region [’s welfare depends on its

Proof of Corollary 4

residents’ information according to

OB _ag(1—xo) +(1—ao)  A[(l—xp) a0+ (1—x;) (1 —ao))
90, 0, L+ A1 = xp) o+ (1= xq) (1 — ap)] 0
+ 60% [ad (1= xo) + (1 - o) (1, +
such that PEu
U (%)) — —9 2 9
=——(1+%=0 — <0
8918X0 Ql ( + l) ¢0' Qg
and PEu
U 1 — -9 9 2 1
= 1—(1+=0 — 1-— 1——
o S S U Rk Gt ( L)’
where for ease of notation
E=A[1-xp) o+ (1-xg)(1—ag)].
Moreover,
3Bt =0
i—u:—(l—a0)523+—l3 <0
0070x, (1+=6))
and therefore ) o
1-(1425)7"° L 0“Eu
2 < 0 for all 4, < 1.
TS T —ay) L1 900y, - oraus

A.16.

Proof of Proposition 9

X1

Recall that the expected ability of a local politician under decentralization is

B

L—1
D ¢U2 (1 - T gp) aéely

while the expected ability of a central politician is

$0°
.C l
By = 2> by,
=1
Thus .
o1 . D
Eijy >+ > Eif, <= ¢, >0,
=1
with ; .
0 e 1 ~D 2L —1 l
% <E77p — Z ZEnl,p> = ¢O’ 72 Zapel >0
p =1 =1

! )] . (A177)

(A178)

(A179)

(A180)

(A181)

(A182)

(A183)

(A184)

(A185)

(A186)



and

0? L-1,
9 06, (Enp - —ZEnlp> = ¢0" =0, > 0. (A187)

=1

Proposition 2 established that rent extraction is lower under centralization than decen-
tralization. Moreover

2¢, Lz:1pl P L = _5 12 z:l%lpl

and

82 1 L ap L -1 )
dE. B0, (Z Do - pC) 7 Z - = I al (p)” > 0. (A189)
p =1

A.17. Proof of Proposition 10

Suppose there is a set = of public goods that generate externalities £, while the other generate
none. Let az = ZpGE a, be the aggregate welfare share of externality-inducing public goods.
Under centralization, the share of each externality-inducing good in each region [ is

(0]
5fp — fp (A190)

with a uniformity constraint or

o =lera-97 (A191)

without. Aggregating across regions, the share of the good in the central budget is

L
=Y Bl =q (A192)
=1

regardless of the presence or absence of a uniformity constraint.
Under decentralization, the share of an externality-inducing good in each region [ is

1— L—lg
D
B, = 0T LngozE < a, for all az < 1, (A193)
such that 5 .
1—az) Lt
ag L _(f“) L <0. (A194)
¢ (1 - 5 éas)
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Table 1 — The Evolution of SO, Emissions

Year Mean Std. dev. Min Max

1960 0.1514627 0.1885529 0.01564 1.09353
1961 0.1477979 0.1831783 0.01545 1.08493
1962 0.1500735 0.1806726 0.01502 1.09312
1963 0.1543552 0.1808964 0.01428 1.11131
1964 0.1596994 0.1848661 0.01355 1.13862
1965 0.1668798 0.1909361 0.01354 1.16977
1966 0.1764556  0.1991029 0.01398 1.19072
1967 0.1746923 0.2021702 0.01445 1.21226
1968 0.1823104 0.2087637 0.01595 1.22756
1969 0.1843952 0.2120315 0.01683 1.22926
1970 0.1875458 0.2163975 0.01719 1.23151
1971  0.1743233 0.1939584 0.02091 1.05714
1972 0.1756837 0.1918978 0.01711 0.96356
1973  0.1855456 0.2141701 0.00308  0.9634
1974 0.1663952 0.1793253 0.01274 0.81897
1975 0.1502231 0.1591823 0.01186 0.76124
1976  0.1546588 0.1574864 0.00209 0.73957
1977 0.1553815 0.1535385 0.00209 0.71944
1978  0.140569 0.1271132 0.01784 0.64687
1979 0.1398869 0.1247468 0.01734 0.61479
1980 0.1327542  0.1207243 0.013 0.58772
1981 0.1203604 0.1206859 0.00915 0.59906

Notes: SO, Emissions in short tons per capita across the 48 continental United States.
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Table 2 — Summary Statistics

Variable Obs. Mean Std. dev. Min Max
SO, Emissions per Capita 48 1875458 2163975 01719 1.23151
Newspaper Circulation 48 2729864  .0539867  .1411094 .3912679
Income 48 3812.125  590.3823 2628 5071
Population (thou.) 48 4207.841  4372.018  333.795  20023.18
Land Area 48 61645.9  46807.72  1044.93  261797.1
White Population % 48 .8958356  .0885186  .6284792 .9960007
DW-Nominate 48  -.0626302 .2455653 -.5345 .5895
% Republicans in Office 48 4913194 .3417551 0 1

% Republican Votes 48 4592273 121013 0 0.6279
Polluting Manufacturing % 48 0635479  .0387529  .0077965 .2034424
Manufacturing % 48 2222823 .0934438  .0432321 .3747373
Utilities % 48 024722 .0055251  .0113665  .040028
Fossil Fuels (log) 48 2.969011  .4110257 2.357892 4.101017
Coal % 48 1724713 .1638502 0 6422735
Motor Gasoline % 48 2045679  .0623228  .0654172  .356464

Notes: All variables are 1970 values. The DW-Nominate score is the average for the state’s U.S. senators.
The share of Republicans in office is computed considering the governor, the leaders of the two state legisla-
tures, the two U.S. senators, and the majority of the state delegation to the U.S. House of Representatives.
The share of Republican votes is the average in gubernatorial elections from 1968 to 1972. Polluting Manu-
facturing % is the share of value added represented by: Paper and allied products (SIC 26), Chemicals and
allied products (SIC 28), Petroleum and coal products (SIC 29), Stone, clay, glass, and concrete (SIC 32),

Primary metal industries (SIC 33). Fossil Fuels is the log of consumption relative to income. Coal % and

Motor Gasoline % are shares of fossil-fuel consumption.
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Table 3 — Information and the Effects of the Clean Air Act

Dependent Variable: SOz Intensity of Income (log), 1960 to 1981

(1) (2) (3) (4) (5) (6) (7)
Newspaper Circ. -1.641  -0.155  -0.158 -0.092 0.430 -0.102 0.392
% after 1970 (1.095) (0.799) (0.774) (0.836) (1.127)  (0.773)  (1.100)
Newspaper Circ. 0.319*  0.389*  0.390**  0.424** 0.517**  0.357*F  0.431***
% t since 1970 (0.179) (0.192) (0.185) (0.191) (0.211)  (0.141)  (0.132)
Income (log) -0.767  -0.535 -0.776 -0.337 -0.740 -0.198
% after 1970 (0.587)  (0.549) (0.595) (0.640)  (0.576)  (0.609)
Income (log) -0.099 -0.130 -0.104 -0.018 -0.115 -0.048
% t since 1970 (0.087) (0.091) (0.085) (0.105)  (0.069)  (0.069)
Pop. Density (log) -0.048 -0.099 -0.046 -0.019 -0.039 -0.053
% after 1970 (0.057)  (0.073) (0.056) (0.062)  (0.052)  (0.059)
Pop. Density (log) 0.010  0.017%  0.012  -0.00  0.005 -0.002
% t since 1970 (0.008)  (0.009) (0.007) (0.011)  (0.006)  (0.007)
Polluting Mfg. % 3.278%* 2.108
x after 1970 (1.611) (1.246)
Polluting Mfg. % -0.441 0.056
X t since 1970 (0.261) (0.164)
DW-Nominate 0.066 0.001
% after 1970 (0.190) (0.164)
DW-Nominate 0.036 -0.004
% t since 1970 (0.037) (0.018)
Midwest 0.428** 0.394*
x after 1970 (0.201) (0.195)
Midwest -0.022 0.007
X t since 1970 (0.024) (0.021)
South 0.600** 0.553%*
% after 1970 (0.240) (0.215)
South 0.029 0.038
X t since 1970 (0.035) (0.026)
West 0.454 0.410
% after 1970 (0.286) (0.285)
West -0.026 0.002
X t since 1970 (0.044) (0.034)
SO, Intensity (log) 0.080 0.032
x after 1970 (0.061)  (0.052)
SO4 Intensity (log) -0.049*%F*  -0.050%**
% t since 1970 (0.007)  (0.006)
Observations 1056 1056 1056 1056 1056 1056 1056
R? 0.939 0.941 0.942 0.941 0.943 0.946 0.949

Notes: Robust standard errors in parentheses, with two-way clustering by state and by year; p = 10%*,
5%**, 1% All regressions include time f.e., state f.e., and state-specific linear time trends. Independent
variables are 1970 values. Polluting Manufacturing % is the share of value added represented by: Paper and
allied products (SIC 26), Chemicals and allied products (SIC 28), Petroleum and coal products (SIC 29),
Stone, clay, glass, and concrete (SIC 32), Primary metal industries (SIC 33). The DW-Nominate score is

the average for the state’s U.S. senators.
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Table 4 — Alternative Controls for Economic Conditions

Dependent Variable: SOz Intensity of Income (log), 1960 to 1981
(1) (2) (3) (4) () (6) (7)

Newspaper Circ. -0.158 -0.251  -0.164  -0.073 -0.183 -0.257 -0.264
x after 1970 (0.774)  (0.805) (0.835) (0.845)  (0.837)  (0.827)  (0.818)
Newspaper Circ.  0.390** 0.419**  0.389*%  0.391* 0.458** 0.447%*  0.486**
« tsince 1970 (0.185)  (0.179) (0.188) (0.190)  (0.187)  (0.199)  (0.186)

Income (log) -0.535 -0.647 -0.756 -0.254 -0.205 -0.785 -0.710
% after 1970 (0.549)  (0.620) (0.625) (0.607)  (0.605)  (0.762)  (0.819)
Income (log) -0.130 -0.135 -0.098 -0.089 -0.119 0.073 -0.006
x tsince 1970 (0.091)  (0.092) (0.079) (0.095)  (0.091)  (0.121)  (0.096)
Density (log) -0.099 -0.087 -0.047 -0.031 -0.045 -0.099 -0.162
% after 1970 (0.073)  (0.078) (0.058) (0.051)  (0.058)  (0.078)  (0.105)
Density (log) 0.017*  0.022**  0.011 0.011 0.019**  0.031%**  (0.034**
« tsince 1970 (0.009)  (0.010) (0.008) (0.007)  (0.007)  (0.011)  (0.016)
Polluting Mfg. %  3.278* 1.598
x after 1970 (1.611) (1.559)
Polluting Mfg. %  -0.441 -0.230
X t since 1970 (0.261) (0.277)
Manufacturing % 0.719 0.571
x after 1970 (0.728) (0.785)
Manufacturing % -0.217 0.024
% t since 1970 (0.139) (0.162)
Utilities % 0.952 -8.200
x after 1970 (9.497) (10.469)
Utilities % 0.057 -0.216
X t since 1970 (1.957) (1.985)
Fossil Fuels (log) 0.375%*  0.321°** -0.200 -0.229
% after 1970 (0.153)  (0.135)  (0.329)  (0.414)
Fossil Fuels (log) 0.007 0.040 0.183* 0.162*
% t since 1970 (0.036)  (0.029)  (0.089)  (0.083)
Coal % 0.354 -0.004
x after 1970 (0.320) (0.275)
Coal % -0.215%** -0.181%*
X t since 1970 (0.043) (0.074)
Motor Gas. % -3.280 -3.332
x after 1970 (1.982)  (2.320)
Motor Gas. % 1.000%* 0.660
% t since 1970 (0.547)  (0.547)
Observations 1056 1056 1056 1056 1056 1056 1056
R? 0.942 0.941 0.940 0.942 0.944 0.943 0.945

Notes: Robust standard errors in parentheses, with two-way clustering by state and by year; p = 10%*,
5%**, 1% Al regressions include time f.e., state f.e., and state-specific linear time trends. All independent
variables are 1970 values. Manufacturing %, Polluting Manufacturing %, and Utilities % are shares of state
GDP. Polluting manufacturing industries are: Paper and allied products (SIC 26), Chemicals and allied
products (SIC 28), Petroleum and coal products (SIC 29), Stone, clay, glass, and concrete (SIC 32), Primary
metal industries (SIC 33). Fossil Fuels is the log of consumption relative to income. Coal % and Motor

Gasoline % are shares of fossil-fuel consumption.
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Table 5 — Alternative Controls for Political Conditions

Dependent Variable: SOz Intensity of Income (log), 1960 to 1981

(1) (2) (3) 4) (5) (6) (7)
Newspaper Circ.  -0.092 1.707* -0.132 0.320 0.272 -0.206 1.678
x after 1970 (0.836)  (0.966)  (0.783) (0.750) (0.780) (0.848)  (1.221)
Newspaper Circ. 0.424*%*%  0.484**  0.397* 0.375*%  0.421* 0.381* 0.513**
X t since 1970  (0.191) (0.228) (0.197) (0.203) (0.205) (0.185)  (0.235)
Income (log) -0.776 -0.188 -0.727  -0.502  -0.641  -0.830 -0.452
x after 1970 (0.595) (0.509) (0.751) (0.629) (0.607) (0.591)  (0.611)
Income (log) -0.104 -0.069 -0.085 -0.106 -0.089 -0.068 -0.064
x t since 1970 (0.085)  (0.098)  (0.085) (0.094) (0.092) (0.093)  (0.103)
Density (log) -0.046  -0.136**  -0.052 -0.062  -0.057 -0.047 -0.140**
x after 1970 (0.056) (0.065) (0.054) (0.057) (0.057) (0.055)  (0.065)
Density (log) 0.012 0.006 0.009 0.011 0.010 0.011 0.008
X t since 1970  (0.007) (0.010) (0.008)  (0.007) (0.008) (0.008)  (0.009)
DW-Nominate 0.066 -0.311
x after 1970 (0.190) (0.206)
DW-Nominate 0.036 0.048
x t since 1970 (0.037) (0.042)
White Pop. % -2 T41H** -3.789%*
x after 1970 (0.948) (1.418)
White Pop. % -0.139 -0.065
X t since 1970 (0.156) (0.180)
% R. in Office -0.038 0.416
x after 1970 (0.253) (0.262)
% R. in Office -0.013 -0.041*
x t since 1970 (0.022) (0.024)
% R. Votes -0.749* -0.434
X after 1970 (0.379) (0.544)
% R. Votes 0.022 0.294**
X t since 1970 (0.102) (0.135)
Elect. Evenness -0.586 0.721
x after 1970 (0.357) (0.475)
Elect. Evenness -0.043 -0.290
X t since 1970 (0.130) (0.173)
Sen. Class 143 0.047 -0.041
x after 1970 (0.130)  (0.100)
Sen. Class 143 0.006 0.012
X t since 1970 (0.019)  (0.021)
Sen. Class 2+3 -0.009 -0.126
x after 1970 (0.101)  (0.118)
Sen. Class 2+3 0.034 0.036
X t since 1970 (0.023)  (0.023)
Observations 1056 1056 1056 1056 1056 1056 1056
R?2 0.941 0.943 0.941 0.941 0.942 0.941 0.945

kokok
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Notes: Robust standard errors in parentheses, with two-way clustering by state and by year; p = 10%*,
1%

variables are 1970 values. The DW-Nominate score is the average for the state’s U.S. senators. The share

All regressions include time f.e., state f.e., and state-specific linear time trends. All independent

of Republicans in office is computed considering the governor, the leaders of the two state legislatures, the



two U.S. senators, and the majority of the state delegation to the U.S. House of Representatives. The share
of Republican votes is the average in gubernatorial elections from 1968 to 1972. Election evenness is the
average of 1— |% R. Votes —0.5| in gubernatorial elections from 1968 to 1972.
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Table 6 — Channels of Pollution Abatement

Income Pop. Den. Poll. % Mfg. %  Util. % F.Fuel Coal% Gas. %

Newspaper Circ.  0.059 0048  0.020%* 0022 0011 -0.147 0223  -0.017
x after 1970 (0.172)  (0.037)  (0.010)  (0.034)  (0.007) (0.274)  (0.150)  (0.036)
Newspaper Circ.  0.002 -0.018 0.000  -0.009  0.001  0.097%  0.041  -0.013
x tsince 1970 (0.025)  (0.024)  (0.005)  (0.009)  (0.002) (0.052) (0.025)  (0.008)
Income (log) 0.067  -0.050*  -0.009  -0.018 0003 0216  -0.031  -0.035
% after 1970 (0.058)  (0.028)  (0.006)  (0.010)  (0.003) (0.175) (0.093)  (0.029)
Income (log) 0.022%%  -0.023%*  0.001  0.012%** -0.000 -0.008  0.001  0.003
x t since 1970 (0.010)  (0.010)  (0.002)  (0.004)  (0.001) (0.019) (0.013)  (0.004)
Pop. Den. (log) -0.018%%  0.004  -0.000 -0.004** 0.001** -0.004 -0.015  0.004

x after 1970 (0.007)  (0.003)  (0.001) (0.002)  (0.000) (0.018)  (0.010)  (0.003)
Pop. Den. (log) -0.003%* -0.005***  0.000  0.000  0.000 -0.001 -0.003** 0.001%**

x tsince 1970 (0.001)  (0.001)  (0.000)  (0.000)  (0.000) (0.002)  (0.001)  (0.000)
Observations 1056 1056 912 912 912 1056 1056 1056
R2 0.989 1.000 0987 0991 0929 0983 0979  0.975

Notes: Robust standard errors in parentheses, with two-way clustering by state and by year; p = 10%*7 5%**7
1% All regressions include time f.e., state f.e., and state-specific linear time trends. Independent variables
interacted with the 1970 break are 1970 values. Income and Population Density are logarithms. Manufac-
turing %, Polluting Manufacturing %, and Utilities % are shares of state GDP. Polluting manufacturing
industries are: Paper and allied products (SIC 26), Chemicals and allied products (SIC 28), Petroleum and
coal products (SIC 29), Stone, clay, glass, and concrete (SIC 32), Primary metal industries (SIC 33). Fossil
Fuels is the log of consumption relative to income. Coal % and Motor Gasoline % are shares of fossil-fuel

consumption.
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Table A1 — Information and the Effects of the CAA on NO, Emissions

Dependent Variable: NO,, Intensity of Income (log), 1960 to 1981

(1) (2) (3) (4) (5) (6) (7)
Newspaper Circ. 0.041 0.121 0.120 0.150 0.557 0.165 0.552
% after 1970 (0.256)  (0.316) (0.296) (0.335) (0.395)  (0.325)  (0.392)
Newspaper Circ. 0.160**  0.190** 0.190** 0.187** 0.189*  0.164** 0.157**
% t since 1970 (0.067)  (0.082) (0.082) (0.085) (0.097)  (0.059)  (0.065)
Income (log) 0.020 0.087 0.016 0.055 0.142 0.138
% after 1970 (0.173)  (0.177)  (0.180) (0.210)  (0.183)  (0.233)
Income (log) -0.005 -0.006 -0.004 -0.032  -0.078%*F*  _(.081***
% t since 1970 (0.026)  (0.028) (0.026) (0.036)  (0.022)  (0.016)
Pop. Density (log) -0.015 -0.030 -0.014 -0.009 -0.008 -0.013
% after 1970 (0.020) (0.026) (0.020) (0.025)  (0.020)  (0.032)
Pop. Density (log) -0.003 -0.003 -0.003 0.001  -0.008%**  -0.008**
% t since 1970 (0.004)  (0.005) (0.004) (0.005)  (0.002)  (0.003)
Polluting Mfg. % 0.939 0.640
X after 1970 (0.586) (0.454)
Polluting Mfg. % -0.013 0.132
X t since 1970 (0.116) (0.091)
DW-Nominate 0.031 0.004
% after 1970 (0.058) (0.061)
DW-Nominate -0.004 -0.004
% t since 1970 (0.015) (0.011)
Midwest 0.010 -0.007
% after 1970 (0.038) (0.034)
Midwest 0.001 0.016*
% t since 1970 (0.009) (0.008)
South 0.115* 0.084
% after 1970 (0.063) (0.055)
South -0.006 0.014
x t since 1970 (0.014) (0.010)
West 0.105 0.091
X after 1970 (0.067) (0.064)
West 0.013 0.018
X t since 1970 (0.017) (0.014)
NO, Intensity (log) 0.071%* 0.042
% after 1970 (0.039)  (0.028)
NO,, Intensity (log) -0.043***  -0.050***
% t since 1970 (0.011)  (0.009)
Observations 1056 1056 1056 1056 1056 1056 1056
R? 0.973 0.973 0.973 0.973 0.974 0.976 0.976

Notes: Robust standard errors in parentheses, with two-way clustering by state and by year; p = 10%*,
5%**, 1% All regressions include time f.e., state f.e., and state-specific linear time trends. Independent
variables are 1970 values. Polluting Manufacturing % is the share of value added represented by: Paper and
allied products (SIC 26), Chemicals and allied products (SIC 28), Petroleum and coal products (SIC 29),
Stone, clay, glass, and concrete (SIC 32), Primary metal industries (SIC 33). The DW-Nominate score is

the average for the state’s U.S. senators.
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Table A2 — Alternative Dependent Variables

SOy/cap.  SOs/cap. SOs/sqm. SOs/sqm. SO5/$ SO3/$

Income (log) at ¢ -0.720*  -0.690**
(0.416)  (0.328)
Pop. Den. (log) at ¢ -0.820 -0.525
(1.132)  (1.270)
Newspaper Circ. -0.096 0.352 -0.048 0.402 -0.073 0.391
x after 1970 (0.741)  (1.055)  (0.729) (1.039)  (0.750)  (1.066)
Newspaper Circ. 0.392* 0.443%** 0.374* 0.449%**  0.377*  0.442%**
% t since 1970 (0.194)  (0.144) (0.200) (0.156)  (0.196)  (0.150)
Income (log) -0.834 -0.221 -0.884 -0.294 -0.856 -0.252
x after 1970 (0.580)  (0.579)  (0.568) (0.558)  (0.578)  (0.565)
Income (log) -0.076 -0.035 -0.099 -0.066 -0.101 -0.055
% t since 1970 (0.090)  (0.072)  (0.094) (0.078)  (0.103)  (0.096)
Pop. Density (log) -0.066 -0.074 -0.062 -0.066 -0.058 -0.063
% after 1970 (0.056)  (0.057)  (0.054) (0.053)  (0.054)  (0.053)
Pop. Density (log) 0.007 -0.004 0.002 -0.009 0.004 -0.006
% t since 1970 (0.008)  (0.008)  (0.009) (0.009)  (0.009)  (0.007)
Polluting Mfg. % 1.948 1.901 1.973
x after 1970 (1.245) (1.219) (1.234)
Polluting Mfg. % 0.108 0.122 0.099
% t since 1970 (0.179) (0.177) (0.173)
DW-Nominate 0.015 0.049 0.028
x after 1970 (0.158) (0.156) (0.160)
DW-Nominate -0.006 -0.004 -0.004
% t since 1970 (0.017) (0.018) (0.018)
Midwest 0.415%* 0.414** 0.408*
% after 1970 (0.200) (0.198) (0.198)
Midwest 0.006 0.001 0.004
X t since 1970 (0.023) (0.024) (0.022)
South 0.559%* 0.547** 0.551%*
% after 1970 (0.210) (0.208) (0.209)
South 0.038 0.035 0.037
% t since 1970 (0.027) (0.027) (0.026)
West 0.383 0.380 0.390
% after 1970 (0.274) (0.268) (0.274)
West 0.009 0.012 0.008
% t since 1970 (0.034) (0.035) (0.035)
SO, Intensity (log) 0.036 0.037 0.035
x after 1970 (0.051) (0.049) (0.051)
SO4 Intensity (log) -0.050%+* -0.050%+* -0.050%**
%t since 1970 (0.006) (0.006) (0.006)
Observations 1056 1056 1056 1056 1056 1056
R? 0.936 0.945 0.974 0.977 0.941 0.949

Notes: Robust standard errors in parentheses, with two-way clustering by state and by year; p = 10%*,
5%**, 1% All regressions include time f.e., state f.e., and state-specific linear time trends. Dependent
variables are logarithms. Independent variables interacted with the 1970 break are 1970 values. Polluting
Manufacturing % is the share of value added represented by: Paper and allied products (SIC 26), Chemicals
and allied products (SIC 28), Petroleum and coal products (SIC 29), Stone, clay, glass, and concrete (SIC

32), Primary metal industries (SIC 33). The DW-Nominate score is the average for the state’s U.S. senators.
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Figure 1 — Information across the United States

Average Daily Newspaper Circulation per Capita, 1968-72
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Source: Gentzkow, Shapiro, and Sinkinson (2011)
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Figure 2 — Information and the Impact of the Clean Air Act

Average SQO2 Intensity of Income

8 10 12 14 16

Short tons per real (2005) $ million

6

1960 1965 1970 1975 1980
Year

—&—— GStates with 1970 newspaper circulation below the mean
—&—— GStates with 1970 newspaper circulation above the mean

Sources: Emissions are from the EPA, newspaper circulation from Gentzkow, Shapiro, and Sinkinson (2011),

and personal income from the BEA Regional Economic Accounts.
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