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a b s t r a c t

This paper sheds new light on the determination of environmental tax policies in

majoritarian federal electoral systems, such as the U.S., and derives implications for the

environmental federalism debate on whether the national or local government should

have authority over environmental taxes. In the absence of majority bias, the socially

preferred policy would be federal district-level taxation which accounts both for cross-

boundary pollution and differences in industry concentration across districts. In

majoritarian systems, however, where the legislature consists of geographically distinct

electoral districts, the majority party (at the national or state level) favors home

districts; depending on the location of polluting industries and the associated damages,

the majority party may therefore impose sub-optimally high or low pollution taxes due

to a majority bias. Majority bias can influence the social-welfare ranking of alternative

environmental tax policies. In some cases, majority bias may make decentralized or

federal uniform taxation the preferred solution.

& 2009 Elsevier Inc. All rights reserved.

1. Introduction

There is a long-standing debate in the economics literature about whether environmental policies should be set by local
or national policy-makers,1 but this ‘‘environmental federalism debate’’ has mainly ignored the effects of political
institutions.2 In a majoritarian system such as the U.S., with geographically distinct electoral districts, the majority political
party (whether in Congress or state-level legislatures) tends to favor the social welfare of its home districts over other
districts (see Pashigian [5], Persson et al. [4]). This gives rise to a ‘‘majority bias’’ [6] at both levels of government.3 The
purpose of this paper is, firstly, to show that the majority bias that arises within a majoritarian electoral system has
important implications for environmental taxation in a federation, and, secondly, that the presence of this bias can provide
a new rationale for or against centralization of environmental policy and for uniformity of environmental tax rates across
jurisdictions.
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1 Oates [1] established that in a federal system, policies addressing spillover effects should be centralized, whereas they should be decentralized

when there is a high degree of heterogeneity in preferences. Also see Oates and Portney [2] for a recent survey.
2 Recent exceptions that discuss the role of political institutions (such as parliamentary versus presidential-congressional systems) for cross-country

variations in environmental and fiscal policies include Fredriksson and Millimet [3] and Persson et al. [4].
3 Majoritarian systems such as the U.S. system are particularly grounded in local interests [7]. Under majoritarian electoral rule with single-member

districts, political parties may focus on a subset of the population rather than on maximizing social welfare [8,9].
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The role of geographic location has rarely been discussed in connection with political institutions and environmental
policy determination. This appears to be a serious deficiency. The political location of the polluting source and the political
location of exposure to the associated pollution damage are important for understanding the design of environmental
policy. For example, the U.S. steel industry is heavily concentrated in Pennsylvania, Ohio, and West Virginia. With the
switch in U.S. Congressional majority party in 1994, the (Democratic) legislators from these states were no longer in the
majority party; on an index of majority representation, the steel industry (SIC 3312) went from 51st out of 415 industries
in 1993 to 208th in 1997.4 Over that same time period, the steel industry saw its pollution abatement operating costs
increase by 11%, relative to an overall decrease of 27% in manufacturing industries overall. In our view, the change from
majority to minority representation may help explain this increase.

We argue in this paper that the legislative majority tends to favor industries that are disproportionately located in
majority-party districts (by granting those industries less stringent environmental policies). This is particularly true if they
emit transboundary pollution that primarily affects minority districts.5 The majority bias occurs at both the federal and
state level, and has important implications for the design of government policy. It follows that cross-district uniform
policies have the advantage of limiting the majority party legislators’ ability to favor their home districts at the expense of
other districts.

We also show that majority bias influences the social-welfare ranking of alternative policies. Although district-specific
environmental taxes set by the federal government are optimal when governments maximize social welfare (accounting
for both transboundary pollution and heterogeneity in pollution damage across districts), uniform federal policies across
districts (states) or decentralized policies may be socially optimal when governments exhibit majority bias. Indeed, tax
uniformity and decentralization of tax policy both limit the negative effects of majority bias and may thus be Pareto
superior to federal district-level taxation in the presence of majority bias. Moreover, if districts face uncertainty about
whether they will be part of a majority coalition or about their future characteristics, the existence of majority bias will
influence their preferred constitutional choice for the environmental tax system.

There is indeed some empirical evidence that geographical concerns have played a role for federal environmental
policies, although no theoretical underpinnings have been provided. Pashigian [5] argues that federal air quality standards
(the prevention of significant deterioration) set by the 1970 Clean Air Act and its later amendments were designed to
impose high costs (and thus slow factor mobility) on the fast-growing South and West. These regions had superior air
quality relative to the northern urban areas of the U.S., many of which were not directly affected by the policies. In this
case, a legislative coalition was able to impose strict standards mostly at the expense of legislative minority states.

The policy instrument modelled in this paper is a pollution tax. Pollution taxes have received a considerable amount of
recent attention due to the ‘‘double-dividend’’ hypothesis debate [10,11]. Moreover, many countries with majoritarian
systems (or some blend of a majoritarian and another system, see Reynolds et al. [12], Annex A) use such taxes. For
example, France introduced charges on polluting atmospheric emissions in 1985 (SO2, NOx, HCl, H2S, VOCs) [13]; in the U.S.,
federal and state taxes are levied on kerosene, diesel, gasohol, aviation fuel, gasoline, petroleum products and chemicals,
underground storage of petroleum, gas guzzling cars, as well as on hazardous waste generation, transportation, treatment,
storage, disposal, and on solid waste disposal [14].6

Our paper also relates to the literature on the political economy of fiscal federalism. In this literature, externalities are
typically not (sufficiently) internalized [15,16]. When a minimum winning coalition of legislators determines the
allocation and level of spending on local public goods, spending is skewed towards coalition districts. This gives rise to both
misallocation and uncertainty regarding the amount of public good each district will receive. This is reminiscent of our
result regarding the distortion of taxes, especially under a system of district-specific federal taxation. When a cooperative
legislature maximizes members’ surplus (utilitarian bargaining solution), voters are found to strategically delegate policy
choices by electing representatives with an intense taste for public good spending, yielding over-provision of public goods
in centralized systems.7

The theoretical political economy literature on environmental federalism itself is rather slim. Oates and Schwab [20]
include a median-voter model with decentralized policy-making, multiple jurisdictions, mobile capital, a capital tax, and a
population of both workers and non-wage-earners. Median-voter rule implies that the median voter will impose his
preferred policy in each jurisdiction and that the resulting policy outcome will be inefficient. Fredriksson and Gaston [21]
analyze a similar model with multiple jurisdictions and mobile capital, but where the government’s policy decision is
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4 The majority representation index measures the extent to which an industry is over-represented in majority-party states relative to the population

of those states. Details on this variable and the pollution abatement cost comparison can be found in an appendix that is available at JEEM’s online archive

of supplementary material, which can be accessed at http://aere.org/journals/.
5 The greater is the share of the sector’s capital stock located in majority districts, the greater the marginal cost of raising the pollution tax from the

majority legislative delegation’s point of view, while the marginal benefits in terms of improved environmental quality and tax revenues remain constant.
6 The 1980-1985 and 1986-1995 U.S. Superfund programs (which, for example, generated $2 billion dollars in tax revenue in 1992–1994) imposed

taxes on petroleum, hazardous waste, and 42 chemicals [14].
7 Lockwood [17] also compares decentralization and centralization of public good provision from a political economy perspective. He finds that

weaker externalities and greater heterogeneity among regions may not raise the relative efficiency of decentralization of public good provision.

Cheikbossian [18] shows that with political decentralization the median voter strategically elects a representative with a preference for local public good

spending. This occurs in order to mitigate cooperation aimed at reducing spending. Seabright [19] finds that centralization enhances policy coordination,

but reduces the accountability of government.
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taken under the influence of worker and capital-owner lobby groups. They argue that centralized and decentralized
environmental policy outcomes are equivalent, because the aggregate effects of environmental regulations on income are
identical under either regulatory design. While workers carry the whole burden in the decentralized case (with capital
competition), capital owners share this burden in the centralized case (without capital competition).8 Roelfsema [23]
builds on the model of strategic delegation by Besley and Coate [15] and shows that if the median voter cares sufficiently
for the environment, she may have an incentive to delegate policy making to a politician with an even stronger preference
for environmental quality. This leads to an increased pollution tax, i.e. stricter environmental policy.

Neither of these papers incorporates the political institution of a majoritarian electoral system, nor does either analyze
the majority bias discussed by Grossman and Helpman [6]. Thus, they do not model the role of districts represented by
different political parties in a legislature (i.e., majority and minority districts), nor do they include multiple sectors with
specific factors, heterogeneous industries across different geographic and political regions, or district-specific
transboundary pollution exposure.9 Admittedly, we do abstract from some interesting features brought up in the previous
literature. Our model has immobile sector-specific capital and each state (jurisdiction) is a small open economy, which
enables us to better focus on the effects of majoritarian systems without the extra complications of capital competition and
general equilibrium effects, which already have been extensively investigated in the literature.10 The assumption of
immobile capital does not drive our main results. Instead, including mobile capital would serve to further accentuate our
results, as the majority party would have an additional incentive to favor majority districts. Since our paper is not focused
on the election of representatives, we assume that the majority party’s goal is to maximize majority districts’ aggregate
welfare; this allows us to concentrate on the role played by majority bias.11 We also do not include lobby influence12;
although we could easily introduce industry lobbying in a way similar to, e.g., Fredriksson [44], this would obscure the
main focus of the paper: the effects of majoritarian bias on environmental tax policy.13

To summarize, our paper discusses the role of majority bias in a model where federal environmental tax policy (as
opposed to decentralized district-level tax policy) is decided by a majority of districts acting as joint welfare-maximizers.
The resulting majority bias influences the social welfare ranking of alternative government policies and also affects the
type of environmental taxation (decentralized, federal district-level, or federal uniform) that a country would prefer to
adopt.

2. Model

Our model builds on Grossman and Helpman [6], but focuses on environmental taxation in a federation. A small open
economy has individuals living in an odd number K of geographically and politically separate districts which make up
states indexed by s. The economy has a total population normalized to unity. Each individual i living in geographic district j,
j 2 f1; . . . ;Kg, consumes Gþ1 goods and has quasi-linear preferences given by

Ui
j ¼ xi

0þ
XG

g ¼ 1

uðxi
gÞ-
XK

k ¼ 1

XG

g ¼ 1

Xkgyggkgj ð1Þ

where xi
0 represents i’s consumption of the clean numeraire good 0, uð:Þ is a differentiable and strictly concave function of

consumption xi
g of polluting good g, g 2 f1; . . . ;Gg, and Xkg is sector g output produced in district k, k 2 f1; . . . ;Kg. yg is the

pollution coefficient (pollution intensity) of sector g production, and gkgj is the pollution exposure intensity coefficient,
which reflects the extent to which residents of district j suffer from sector g pollution emitted in district k; i.e., when kaj, it
represents the degree of transboundary pollution between districts. The numeraire good has world and domestic consumer
and producer prices equal to unity, while good g has world and domestic consumer price p�g . The legislature sets a pollution
tax tkg in district k for sector g, and thus district k producers receive a net price in sector g equal to pkg ¼ p�g-tkgyg .
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8 Helland [22] finds evidence that local special interests are able to influence enforcement effort when national policy is delegated to the state level.
9 Grossman and Helpman [6] study the role of majority bias in trade policy and do not discuss positive or normative issues related to federal uniform-

or district-specific environmental policies in federal systems with transboundary pollution problems.
10 For theoretical models studying strategic interaction in the presence of capital competition and transboundary pollution, see, for example,

Rauscher [24], Levinson [25], Markusen et al. [26], Glazer [27], Ulph [28], McAusland [29], Dijkstra [30], and Kunce and Shogren [31,32]. Fredriksson and

Millimet [33], Levinson [34], Helland and Whitford [35], Gray and Shadbegian [36], and Sigman [37] find empirical evidence that U.S. states engage in

regulatory competition or free-ride on other states. List and Gerking [38] and Millimet [39] detect no effect on air pollution due to President Reagan’s

decentralization efforts in the 1980s, but Millimet establishes a positive effect on abatement spending.
11 Evidence from North America includes Ansolabehere and Snyder [40], who find that areas providing the largest vote share to the incumbent party

receive the highest shares of state transfers to local government and that the distribution of funds is redirected towards the new governing party’s core

supporters as a result of a change in the state government. Levitt and Snyder [41] report that when the Democrats had a majority in the U.S. Congress,

federal spending in a congressional district increased with its Democratic vote. Joanis [42] shows that in Quebec, the geographic allocation of spending is

highly dependent on districts’ party loyalties.
12 Cheikbossian [43] shows that centralization yields a higher level of surplus only if spillovers are large and lobbying has a relatively minor effect on

spending allocation, when public spending in member regions depends on the regions’ lobbying expenditures.
13 Also, note that the assumption that the majority maximizes the welfare of its districts is equivalent to assuming that only a subset of districts is

able to lobby the federal (or state) government. Using a lobby group model such as in Fredriksson [44], but with geographically-based lobby groups and

some unorganized jurisdictions, is likely to generate results similar to the present paper. The authors are grateful to a referee for pointing this out. See

Persson and Tabellini [45] for a model with districts’ lobbying a federal government.
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Individual i located in geographic district j spends
PG

g ¼ 1 p�gdgðp�gÞ on non-numeraire goods, where demand for
good g is given by dgðp�gÞ ¼ ½u

0ðxgÞ�
-1 and where individual-specific superscripts are dropped since the consumption

quantities of all non-numeraire goods and the associated consumer surplus are equal for all individuals, provided
they have sufficient income. The remaining part of the income is spent on numeraire good 0; this is assumed to be
positive.

The numeraire good is produced from labor only with constant returns to scale and an input–output coefficient equal to
unity. Assuming positive production of the numeraire good yields a wage rate equal to one. Good g 2 f1; . . . ;Gg production
requires labor and a sector-specific input. With a fixed wage rate, the aggregate factor reward for district k producers in
sector g, pðpkgÞ, depends on the producer price of good g in district k only. Each individual receives wage income. The
consumer surplus derived from consumption of good g equals sgðp�gÞ ¼ u½dgðp�gÞ�-p�gdgðp�gÞ and is independent of the producer
price (and thus independent of the environmental tax). Since consumer surplus sg and wage income do not depend on
environmental taxes, we omit them in the following welfare formulae. The government collects pollution tax revenue in
district k’s sector g given by rkgðtkgÞ ¼ XkgðpkgÞygtkg , where, by Hotelling’s Lemma, Xkg ¼ pkg

0 ðpkgÞ is the domestic supply of
good g by district k producers. We assume Xkg

0 40 and Xkg
00 ¼ 0. To keep things simple, we assume that capital of any sector

g located in district k is exclusively owned by district k residents; i.e., if industry g earns profit pkg in district k, this profit is
received by residents of k.14

Let lj be the exogenous share of total tax revenue that district j residents receive. The determination of lj is not a focus
of this paper, and, for simplicity, we do not endogenize this variable, following Grossman and Helpman [6]. Our general
approach allows the majority districts to receive up to 100% of revenues. If revenue is distributed across districts according
to population share, lj is equal to district j’s population share.15 If majority legislators are able to channel all tax revenue to
majority districts, the sum of lj over majority districts equals 1. As shown below, revenue redistribution influences the size
of the majority bias and thus the equilibrium tax rates set under the various institutional designs discussed in this paper.
For the SOCs to hold, the revenue share going to the majority must be equal to or greater than its population share. On the
other hand, if tax revenue is completely ignored in our model, or if the majority receives a lower than proportional share of
revenue, the SOCs do not hold.16

Adding disutility from pollution and income of district j residents gives the aggregate social welfare level of residents in
district j as a function of environmental taxes tkg , equal to

Wj ¼
XG

g ¼ 1

pjgðpjgÞþlj

XK

k ¼ 1

XG

g ¼ 1

rkgðtkgÞ�
XK

k ¼ 1

XG

g ¼ 1

XkgðpkgÞyggkgj: ð2Þ

3. Benchmarks: welfare maximization in centralized and decentralized systems

In this section, we derive four basic welfare-maximizing policies. Although these have been previously shown in the
literature, they serve as useful benchmarks for comparisons with the political equilibrium tax rates (discussed in Section 4
below) that usually deviate from the welfare-maximizing policies. The central government may set either (i) district-
specific pollution tax rates for each sector, or (ii) a uniform sector-specific tax that applies to all states and districts. The
district-specific central policy has two clear advantages over the other policies (which, we believe, have not been
sufficiently recognized in the environmental policy literature): namely, it can tailor taxation to the situation in a particular
district and at the same time, it takes into consideration any spillover effects that production in a district can have on other
districts. In a world without political distortions, this policy is clearly the first-best solution; yet, in the real world, the
federal uniform policy usually prevails, based on the uniformity of standards principle. (As we discuss later, the presence of
majority bias may provide an additional rationale against centralized district-specific policy.) If local differences in policies
are desired, the central government can transfer the right to set policies to subnational entities (such as districts or states)
that then have the right to set jurisdiction-specific environmental taxes. We now derive the two centralized (federal
district-specific and federal uniform) welfare-maximizing tax policies and the two decentralized (district and state
uniform) welfare-maximizing tax policies, respectively.

ARTICLE IN PRESS

14 With absentee capital owners, the incentive to tax pollution in majority and minority districts may increase or decrease depending on whether the

factor owners and their factors are located in minority or majority districts, respectively. See Lee [46] for an analysis of absentee ownership and

environmental policies in federations.
15 Weingast [47] argues that legislators in Congress set up legislative ‘‘rules of the game’’ that lead to a fairly even distribution of funds, in effect

insuring themselves against being left outside minimum-winning coalitions. Long-lived programs and budget lags reduce the ability of the majority to

capture all funds [40].
16 Ethier [48] argues that tariff revenue is relatively unimportant for trade policy and therefore allows for a lower weight of such revenue in the

government’s objective function. While our approach also implicitly allows for a similar weighting scheme via lj (subject to fulfilling the SOC condition),

the ‘‘double dividend’’ debate, for example, suggests that pollution tax revenue considerations play a significant role in environmental policymaking and

public policy discussions.

P.G. Fredriksson et al. / Journal of Environmental Economics and Management 59 (2010) 177–191180



Author's personal copy

3.1. Welfare-maximizing federal tax policies

We start by deriving the welfare-maximizing tax policy when the federal government sets district-specific pollution tax
rates for each sector g.

Lemma 1. The ‘‘federal welfare-maximizing district-specific tax policy’’ in sector g for district k equals

t0
kg ¼

XK

j ¼ 1

gkgj; 8g; k: ð3Þ

Proof. Calculating the first-order condition of maximizing
PK

j ¼ 1 Wj from (2) by choice of tkg , noting that dpkg=dtkg ¼�yg ,
and solving yields (3). &

If the federal government can set different environmental tax rates for different districts, then the first-best optimal tax
rate t0

kg for good g production in district k equals the sum of the pollution coefficients of district k production, including
both local and transboundary pollution.

A federal government may alternatively (and much more commonly) set a tax rate which applies to all districts.

Lemma 2. The ‘‘federal welfare-maximizing uniform tax policy’’, tf
g , equals

tf
g ¼

1
@Xg

@pg

XK

k ¼ 1

@Xkg

@pg

XK

j ¼ 1

gkgj

2
4

3
5; 8g; ð4Þ

where @Xg=@pg ¼
PK

k ¼ 1 @Xkg=@pg .

Proof. Maximizing the sum of (2) over all districts j and restricting district tax rates to a uniform policy value tg , we find
(4). &

The centralized optimal tax tf
g depends on the aggregated marginal exposure to damage per unit of pollution, and cannot

vary by district. Instead, the centralized optimal tax in (4) is a weighted average of the optimal rates t0
kg in (3), using as

weights the relative district-level output adjustment ð@Xkg=@pgÞ=ð@Xg=@pgÞ to net price changes. Eq. (4) suggests that while a
uniform policy takes transboundary pollution damage fully into account, it introduces distortions compared to the district-
specific policy in (3). A uniform policy cannot tailor the industry tax rate by district according to district-specific variations
in transboundary pollution. Thus, in sum:

Corollary 1. A federal district-specific pollution tax yields weakly greater social welfare than a federal uniform pollution tax.

When environmental damage differs depending on the pollution-emitting district, federal district-specific pollution
taxes are strictly preferred to federal uniform pollution taxes; the former policies are efficient since they allow a federal
government to control for both transboundary pollution and differences in environmental damage across districts.
However, if environmental damage has the same effect on any district j, regardless of the district k from which the
pollution originates (i.e. gkgj ¼ ggj for all k; g; j), then federal district-specific and federal uniform policy are equivalent.

3.2. Welfare-maximizing decentralized tax policies

We now contrast the centralized (federal) welfare-maximizing environmental policy with its fully decentralized
(district) welfare-maximizing counterpart. The local government of district j maximizes

Wd
j ¼

XG

g ¼ 1

pjgðpjgÞþ
XG

g ¼ 1

rjgðtjgÞ�
XK

k ¼ 1

XG

g ¼ 1

XkgðpkgÞyggkgj: ð5Þ

Eq. (5) differs slightly from (2) because with decentralized decision-making, the district itself has tax authority and thus
collects its own tax revenue (whereas in (2), it is assumed that the district population receives a part lj of the centrally
collected tax revenue).

Lemma 3. District j’s ‘‘locally optimal pollution tax policy’’, td
jg , equals

td
jg ¼ gjgj; 8g; j: ð6Þ

Proof. Maximizing (5) by choice of tjg yields (6). &

Corollary 2. A federal district-specific pollution tax yields weakly greater social welfare than a decentralized district-specific

pollution tax.

Eq. (6) reveals that when policy-making is carried out at the district level, only the pollution damage affecting the district
itself is addressed, and transboundary pollution is completely ignored, which usually lowers national welfare. But if no
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transboundary pollution exists, the federal district-specific tax given in (3) and the decentralized district-specific tax given
in (6) coincide and lead to the same welfare level.

Finally, we can derive the state-level welfare-maximizing policy. State s sets an industry-specific environmental tax
that applies to all districts located in the state. Denote the set of these districts by S.

Lemma 4. The ‘‘optimal uniform pollution tax policy’’ for state s, ts
g , equals

ts
g ¼

1
@Xs

g

@ps
g

X
k2S

@Xs
kg

@ps
g

X
j2S

gkgj

2
4

3
5; 8g; s: ð7Þ

Proof. Maximizing
P

j2SWd
j from (5) by choice of a uniform tax rate tg yields (7). &

Corollary 3. A federal district-specific pollution tax yields weakly greater social welfare than a decentralized state-specific

pollution tax.

4. Majoritarian politics in centralized and decentralized systems

We now drop the assumption that policy makers maximize the aggregate welfare of all districts. Instead, we assume
that in a majoritarian system, the majority party in both national and state legislatures maximizes the welfare of the
legislators’ home districts only, consistent with Grossman and Helpman [6]. This assumption rules out any type of strategic
delegation by citizens to a representative who maximizes his own preferences that differ from those of his district, as for
example in Besley and Coate [15]; i.e., we simplify the federal model in order to focus on the effect of policymaking by the
majority party. We do not lose much insight from this simplification; we could easily incorporate the existence of strategic
delegation by replacing the welfare of district j with the welfare of district j’s representative. In our setting, effects of the
majoritarian political system are present both in federal- and state-level policy making, but absent in district-level policy
making.

Each district j is represented by one single legislator who is affiliated with one of two parties (e.g. in the U.S., the
Democratic and Republican Party). The number of parliamentary seats assigned to each party has been determined in a
previous election. The majority party is represented by at least ðKþ1Þ=2 legislators in the federal (or state) legislative body,
and we denote the set of majority districts by M. We assume that members of the same party are able to provide each other
with compensation in the form of political side payments or inter-temporal trades, and hence the majority delegation
maximizes its party representatives’ joint welfare. In particular, we postulate that members of the same party always work
together and maximize their joint welfare rather than forming majority coalitions on a case-by-case basis, i.e., we do not
allow delegates to form minimum-winning coalitions.17 Thus, all majority delegates maximize the overall welfare of
citizens in their home districts. Their joint welfare is given by

WM ¼
X
j2M

Wj ¼
XG

g ¼ 1

X
k2M

pkgðpkgÞþLM

XG

g ¼ 1

XK

k ¼ 1

rkgðtkgÞ�
XK

k ¼ 1

XG

g ¼ 1

XkgðpkgÞyg

X
j2M

gkgj; ð8Þ

where Wj is defined as in (2) and LM ¼
P

j2Mlj. The equilibrium environmental tax policy is determined as the policy that
maximizes the majority party legislators’ joint welfare, given by (8).

4.1. Majority bias: federally set district-specific taxes

To obtain a clear understanding of the effects of a majoritarian system on environmental tax policy, we start with the
scenario that the federal government sets district-specific tax rates. Note that the optimal tax rate is then given by Lemma
1, i.e. (3). Let dM

k be an indicator variable equal to one if district k is a majority district and equal to zero otherwise.

Proposition 1. The ‘‘federal district-specific equilibrium tax policy’’ in sector g in district k equals

tkg ¼
XK

j ¼ 1

gkgj

zfflfflfflffl}|fflfflfflffl{A

þ
LM�d

M
k

LMyg

Xkg

@Xkg

@pkg

zfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflffl{B

þ
1

LM

X
j2M

gkgj�
X
j2M

gkgj

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{C

¼
1

LM

X
j2M

gkgjþ
LM�d

M
k

LMyg

Xkg

@Xkg

@pkg

; 8k; g: ð9Þ

Proof. The federal government maximizes (8) by choice of tkg . Rearranging the first-order condition

ðLM�d
M
k ÞygXkg�LMy

2
g

@Xkg

@pkg
tkgþy

2
g

@Xkg

@pkg

X
j2M

gkgj ¼ 0 ð10Þ
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17 Essentially, we assume perfect party discipline, where each legislator from the majority party cooperates [49–51].
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gives (9). The SOC equals ðdM
k �2LMÞygð@Xkg=@pkgÞr0. Since by definition, dM

k takes a value of either zero or one, the SOC
holds provided 2LM 41, i.e., if majority districts receive more than half of the tax revenue. &

Term A in (9) equals the optimal tax rate t0
kg , given by Lemma 1. Terms B and C in (9) are majority bias terms and are

ambiguous in sign. Term B appears when the majority party has won only a subset of districts; when the majority party has
won all districts, the profit-decreasing effect and the tax-revenue-increasing effect of a tax increase offset each other.18 If
district k is a majority district ðdM

k ¼ 1Þ, term B is negative (provided that minority districts receive some tax revenue)
because the profit reduction of an increased tax rate would occur in a majority district, whereas only part of the tax
revenue increase would go to majority districts. Term B is positive if district k is a minority district ðdM

k ¼ 0Þ because in this
case the government does not value district k profits. The sign of term C depends on both the share of the majority districts
in tax revenue and the damage caused by pollution by industry g of district k in majority districts. Term C increases with (i)
a declining majority tax share and (ii) increasing concentration of pollution in majority districts, holding total pollution
constant. If both the tax revenue and pollution are concentrated in majority districts, term C disappears. Finally, the right-
hand side of (9) makes clear what matters to the majority party when the federal government can set district-specific
taxes. When sector g pollution damage does not affect majority districts, pollution will be subsidized in majority districts
ðdM

k ¼ 1Þ, i.e., a pronounced majority bias is observed (as long as LM o1).

4.2. Majority bias: federal uniform taxes

In the following, let AM
g denote the share of sector g production located in majority districts.

Proposition 2. The equilibrium ‘‘federal uniform tax policy’’ in sector g equals

tfM
g ¼

1
@Xg

@pg
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Proof. The federal government maximizes (8) by choice of tkg ¼ tg . Rearranging the first-order condition

ðLM�AM
g ÞygXg�LMy

2
g

@Xg

@pg
tgþy

2
g
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k ¼ 1

@Xkg
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X
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gkgj ¼ 0 ð12Þ

gives (11). The SOC of (12) equals ðAM
g �2LMÞyg@Xg=@pg r0. Since 2LM 41 provided that majority districts receive more

than half of the tax revenue and AM
g r1 by definition, the SOC is fulfilled. &

Term A in (11) equals tf
g , the optimal uniform tax given in (4), whereas terms B and C reflect forms of majority bias. In

term B, the profit decrease of industry g capital owners located in majority districts is compared to the tax revenue increase
accruing to the population of these districts; term B equals zero only in the knife-edge case when the profit share AM

g of
industry g capital owners in majority districts equals the tax revenue share LM of majority districts. Term C shows that the
effect of pollution on the pollution tax also depends on the majority districts’ revenue share and the distribution of the
pollution. As in (9), this part of the majority bias disappears when tax revenue and pollution damage are concentrated in
majority districts.

The right-hand side of (11) focuses on the net political bias components of interest. If the majority districts are
unaffected by pollution damage, the federal uniform equilibrium tax policy in sector g is positive (negative) when the
majority districts own a disproportionally small (large) share of the sector g capital stock.

The following propositions discuss the comparative statics of the federal uniform equilibrium tax when majority bias is
present.

Proposition 3. The equilibrium federal uniform pollution tax in sector g is decreasing in the share of sector g capital stock owned

by majority districts.

Proof. Differentiation of (11) with respect to AM
g yields

dtfM
g

dAM
g

¼
Xg

ðAM
g �2LMÞyg

@Xg

@pg

; 8g; ð13Þ

where the denominator must be negative in order for the welfare function (8) to be strictly concave in tg . Since 2LM 41
provided that majority districts receive more than half of the tax revenue and AM

g r1 by definition, this condition is indeed
fulfilled. Hence, (13) is negative. &
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18 If all districts are majority districts, maximization of majority welfare is the same as social welfare maximization, and majority bias is not an issue.

P.G. Fredriksson et al. / Journal of Environmental Economics and Management 59 (2010) 177–191 183



Author's personal copy

The intuition is that, ceteris paribus, the greater is the share of sector g capital stock owned by majority districts, the
greater is the marginal cost of raising the pollution tax to the majority legislative delegation (while the marginal benefits —

improved environmental quality and tax revenues — remain constant). This helps explain the intuition behind the
anecdotal evidence from the steel industry related in the introduction: an industry that is primarily located in minority
districts will face more stringent regulations than other industries.19

Next, we investigate the effect of greater exposure to pollution.

Proposition 4. Whereas increased exposure to pollution in a majority district yields a positive pollution tax policy response,
increased exposure to pollution in a minority district yields no pollution tax policy response.

Proof. Differentiation of (11) with respect to the pollution exposure coefficient, gkgj, assuming district j is a majority
district, yields

dtfM
g

dgkgj

¼
�yg

@Xkg

@pg

ðAM
g �2LMÞ

@Xg

@pg

; 8j; g; k; ð14Þ

where the denominator is negative (as in (13)), and thus (14) is positive. Differentiation of (11) with respect to gkgj,
assuming district j is a minority district, yields no effect. &

When majority bias is present, the government has a political incentive to react to an increase in pollution damage only
to the extent that it affects the majority district population.

Proposition 5. The equilibrium federal uniform pollution tax in sector g is increasing in the tax revenue share LM that goes to

majority districts if and only if tax revenue is increasing in the tax rate tg .

Proof. Differentiation of (11) with respect to LM yields

dtfM
g

dLM
¼
�yg Xg�ygtfM

g
@Xg

@pg

� �

ðAM
g �2LMÞyg

@Xg

@pg

; 8g; ð15Þ

where the denominator is negative (as in (13)) and the numerator equals the negative of the derivative of tax revenue with
respect to the tax rate. Hence, (15) is positive if and only if the tax revenue is increasing in tg . &

Usually, we expect tax revenue to be increasing in the tax rate; that is, we operate on the left side of the Laffer curve. In
this case, the equilibrium tax rate will be higher when majority legislators are able to direct more tax revenue to their
districts.

4.3. Majority bias: the state level

We now calculate the tax rates in the political equilibrium when states set pollution taxes. If the majority party in the
state legislature sets a uniform tax rate, this leads to a mix of both decentralized and centralized policy features. The
resemblance to federal centralized policy arises because tax rates are uniform across districts and majority bias is
potentially present. But the policy also has decentralized features, namely better tax tailoring with regard to industry
characteristics within the state, and the disregard for transboundary pollution beyond state lines.

In state s, the state majority legislature maximizes

XG

g ¼ 1

X
k2Ms

ps
kgðp

s
gÞþL

s
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X
k2S
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kgðt

s
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g ¼ 1

X
k2S

Xkgðp
s
gÞyg

X
j2Ms

gkgj; ð16Þ

where production-related terms in districts outside state s are omitted because the state government cannot influence
them via taxation.20 The set Ms consists of all majority districts of state, the set S consists of all districts in state s, and Ls

M

denotes the revenue share of state s majority districts as percentage of the state tax revenue. Let AMs
g denote the share of

sector g production in a majority district of state s. We find the following result:
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19 However, if capital shares and population are distributed proportionally across majority and minority regions, then governments will be unable to

discriminate against minority districts given the constraint of federal uniformity. In that case, majority bias is not a factor affecting policy, provided there

is no heterogeneity in pollution damage.
20 Note that the possibility of strategic interaction between local governments is ruled out by the formulation of the model. Thus, the tax rates are

strategically independent in the game played between the state governments. See Kessler et al. [52] and Eggert and Sørensen [53] for recent studies of the

political economy of tax competition.
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Proposition 6. In a majoritarian system with state-level environmental policy making, the uniform equilibrium pollution tax for

sector g in state s is given by

tMs
g ¼

1
@Xs

g

@ps
g

X
k2S

@Xs
kg

@ps
g

X
j2S

gkgj

2
4

3
5

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{A

þ
Ls

M�AMs
g

Ls
M

Xs
g

yg

@Xs
g

@ps
g

zfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflffl{B

þ
1
@Xs

g

@ps
g

X
k2S

@Xs
kg

@ps
g

1

Ls
M

X
j2Ms

gkgj�
X
j2S

gkgj

0
@

1
A

2
4

3
5

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{C

; 8s; g: ð17Þ

Proof. The first-order condition characterizing state-level policy making equals
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The SOC of (18) equals ðAMs
g �2Ls

MÞy
2
g ð@Xs

g=@ps
gÞr0 and is fulfilled since 2Ls

M 41 (provided that state majority districts
receive more than half of the state tax revenue) and AMs

g r1 by definition. Simply solve (18) for tMs
g . &

Clearly, the federal tax rate (11) and the state tax rate (17) are structurally similar. Both consist of the welfare-
maximizing uniform tax given in term A and two majority bias terms B and C. However, whereas these terms depend on
the distribution of production and pollution in the federation when the tax policy is chosen at the federal level, they only
depend on the distribution of production and pollution within the state when the environmental tax is decided at the state
level. Moreover, (17) only captures pollution in majority districts in the state. Thus, ceteris paribus, the influence of
transboundary pollution on the tax in (17) will be smaller than in (11), since the latter reflects all transboundary pollution
affecting majority districts across the nation. Thus, free-riding problems are likely to be accentuated with decentralized
majoritarian policy making.

Finally, note that if industry location is non-uniform across states and districts, sector g pollution taxes will vary
(perhaps sharply) across states; this depends on the degree to which the sector g capital stock is located in majority
districts. State policy making may therefore exhibit great dispersion in pollution tax rates.21

5. Majoritarian politics and the environmental federalism debate

5.1. Social welfare considerations

In this section, we discuss which policies maximize overall social welfare when policies are subject to majority bias. An
implication of the analysis in Section 4 is that the existence of majority bias always introduces a wedge between the
federal district-specific policy and the social welfare-maximizing policy. Moreover, when majority bias is present, federal
district-level policy making may lead to lower social welfare than alternative policies. In other words, a benevolent social
planner who creates a fiscal constitution may prefer either federal uniform policy making or decentralized policy making
over federal district-level policy-making.

5.1.1. Federal uniform vs. federal district-level policy making

Here, we show that federal uniform policy making may actually lead to higher social welfare than federal district-level
policy making. In the following, we study the case when there are both minority and majority districts; i.e., we do not
consider here the case where all legislators are members of the majority party.

Proposition 7. In the presence of majority bias, a federal uniform pollution tax policy may yield strictly higher social welfare

than a federal district-specific pollution tax policy.

Proof. Assume pollution damage is uniform across districts; i.e., we have gkgj ¼ gg , 8k; g; j. Assume further that
LM ¼ AM

g ¼M=K , where M and K are the number of majority districts and total number of districts, respectively. Thus,
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21 Alternatively, we may assume that a minimum winning coalition of majority party districts determines policy (a case of imperfect party

discipline). This is the benchmark model in Besley and Coate [15]. Only the minimum number of majority representatives for a ð50þxÞ% legislative

majority is included. From (4), we can infer that under the federal uniform tax policy the majority coalition will have a tendency to include districts with a

capital stock concentrated in the same set of industry sectors. These sectors will have a low tax rate (AM
g is high), and other sectors will have a high tax

rate. The coalition will also tend to include districts that suffer from pollution from sectors primarily in non-coalition districts, particularly from

transboundary pollution emitted in minority districts. This raises the pollution tax imposed on sectors primarily located outside the coalition districts,

and thus revenues. Moreover, the coalition will tend to include districts emitting pollution primarily affecting minority districts. This lowers taxes on

industries in the coalition. This approach to legislative behavior yields uncertainty regarding the identity of districts included, as discussed by Besley and

Coate [15]. Coalition members favor districts that help the remaining coalition members raise the coalition’s aggregate welfare (including via

compensating transfers). In the case of a federal district-specific approach, (3) suggests that the majority coalition has similar incentives as under the

federal uniform policy. However, belonging to the majority now becomes (even) more important, as this designation drives down the tax rate in industry

g more sharply than previously, ceteris paribus. On the other hand, if party discipline is non-existent, a majority coalition of any districts may create a

minimum winning coalition. In sum, the formation of a minimum winning coalition has policy effects. The emergence of minimum winning coalitions is

likely to yield greater policy differences between industries located primarily in majority districts and those located primarily in minority districts.
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sector-specific capital and revenue are distributed proportionally across majority and minority districts.22 Then, the federal
uniform tax policy, given by (11), equals tfM

g ¼
PK

j ¼ 1 gkgj ¼ Kgg ¼ t0
kg , i.e., the federal uniform tax policy is equivalent to the

optimal federal district-specific tax policy given in (3) in Lemma 1. On the other hand, the federal district-specific tax
policy, given by (9), equals
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yg
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@Xkg
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at0
kg ; ð19Þ

i.e. the federal district-specific tax policy is not equivalent to the optimal federal district-specific tax policy. This is due to
majority bias. &

For example, assume that a fiscal constitution could restrict federal tax policy to be uniform. Then, Proposition 7 presents
a case where a benevolent social planner would want to restrict federal environmental policy to be uniform when a
majority coalition sets policy. Intuitively, requiring environmental taxes to be uniform across districts places a constraint
on the ability of governments to favor majority districts at the expense of minority districts.23

5.1.2. State-level vs. federal policy making

Oates [1] showed that federal uniform policies are socially preferred when transboundary pollution problems are
present, whereas decentralized policies lead to higher social welfare when pollution varies widely across districts.
Decentralized policies ignore transboundary externalities, whereas federal uniform policies ignore differences in pollution
creation across districts. Without majority bias, federal district-level taxation combines the advantages of decentralized
and centralized policy making and is thus first-best. If majoritarian bias is present, however, state-level policy making may
be preferred to federal district-level policy making as the following Proposition 8 shows.

Proposition 8. State-level environmental taxes may lead to strictly higher social welfare than federal taxes provided that at the

federal level, both minority and majority districts exist.

Proof. Assume that the state legislature is homogeneous in the sense that all districts within the state are represented by
legislators of the same party.24 Also, assume that there is no transboundary pollution across state lines and that
environmental damage affects each district j 2 S equally regardless of the pollution-origin district k 2 S (i.e. gkgj ¼ ggj). Since
by assumption, there are no minority districts at the state level, there is no majority bias. Pollution does not cross state
boundaries, so no transboundary pollution problem exists. Moreover, since pollution damage is the same regardless of the
exact pollution-source district within the state, the uniformity of the state tax does not result in welfare loss. As a
consequence, the state-level policy maximizes the welfare of each state and thus also national welfare. In contrast, federal
majority policy-making ignores the welfare of federal minority districts and thus does not maximize national welfare. &

5.2. System policy choice: an example

In the previous section, we argued that a social planner who drafts a fiscal constitution may find either federal uniform
or decentralized policy superior to district-level federal policy in the presence of majority bias. In this section, we
investigate whether this result still holds if the fiscal constitution is drafted by a collection of districts, rather than by a
benevolent social welfare-maximizing planner. It turns out that also for this case, depending on the circumstances, either
the federal uniform or the decentralized policy may be preferred.

To show this, consider the following simple example. Suppose there are only two industries, the numeraire industry 0
and industry 1, and two districts, A and B, in a federation. If policy choice is centralized, either district can be the one that
sets federal tax rates, thus affecting all firms within industry 1. If policy choice is decentralized, each district sets a tax for
its own industry 1 firms only. Industry 1’s production function in district j 2 fA;Bg is given as Xj1 ¼ K1=2

j1 L1=2
j1 , implying a

profit function for industry 1 in district j of pj1 ¼
1
4p2

j1Kj1. For this particular example, we can calculate closed-form solutions
for the optimal tax rates.

The decentralized approach. Consider the case when districts A and B set decentralized environmental taxes. In this case,
region A maximizes

Wd
A ¼

1
4 p2

A1KA1þ
1
2 tA1y1pA1KA1�

1
2 pA1KA1y1gA1A�

1
2pB1KB1y1gB1A; ð20Þ
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22 Note that this need only be true in the aggregate; i.e. if majority districts receive 54% of the tax revenue, they also harbor 54% of the capital stock in

sector g.
23 Federal uniform policies may also avoid sharp policy reversals when the majority party (with different constituency districts) changes after an

election loss by the incumbent party.
24 In the U.S., many state legislatures are much more dominated by one party than is the federal legislature. Even after the 2008 ‘‘landslide’’ elections,

Democrats hold no more than 60% of either the U.S. Senate or House, while one party exceeds a 60% majority in both state legislative bodies in 18 states

(13 Democrat, 5 Republican), a 70% majority in eight states (6 Democrat, 2 Republican), and an 80% majority in three states (all Democrat).
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to which the solution is

td
A1 ¼ gA1A: ð21Þ

Similarly, district B maximizes
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1
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by choosing

td
B1 ¼ gB1B: ð23Þ

The federal district-specific approach. Now suppose instead that district A sets federal district-specific taxes to maximize
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The optimal tax rates are
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2lMy1
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where the superscript A indicates that the tax rates were chosen by A.25 Similarly, if district B can choose the federal
district-specific taxes, it will maximize
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to which the solution is
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and
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The federal uniform approach. Finally, consider the case when a district sets a federal uniform tax rate. If district A

chooses the policy, it chooses tA1 and tB1 to maximize (24) subject to the constraint that tA1 ¼ tB1 ¼ t1. The solution is

tfA
1 ¼

p�1½lMK1�KA1�þy1½gA1AKA1þgB1AKB1�

y1½2lMK1�KA1�
: ð30Þ

If district B chooses the policy to maximize (27), we similarly obtain

tfB
1 ¼

p�1½lMK1�KB1�þy1½gB1BKB1þgA1BKA1�

y1½2lMK1�KB1�
: ð31Þ

Since the tax rate is uniform, the difference between the welfare of the district setting the tax and the welfare of the other
district is not as high as under federal district-level taxation; more generally, uniformity limits the negative welfare effects
of discrimination against minority districts.

5.2.1. System policy choice under uncertainty about majority

Suppose district A has been chosen to draft a fiscal constitution. At this stage, district A cannot be certain whether it will
be the district setting the actual federal tax rates later on (i.e., for the more general case, whether it will be a majority
district), if centralized taxation is written into the constitution. Rather, the probability that A will get to choose the actual

tax rate is given by f 2 ð0;1Þ. The tradeoff then looks as follows: If taxation is decentralized, A’s welfare does not depend on

f, i.e., it equals Wd
A ðt

d
A1; t

d
B1Þ. If A chooses federal district-specific taxation, its expected welfare is fWfA

A ðt
fA
A1; t

fA
B1Þ

þð1�fÞWfB
A ðt

fB
A1; t

fB
B1Þ, whereas under federal uniform taxation the expected welfare is fWfA

A ðt
fA
1 Þþð1�fÞW

fB
A ðt

fB
1 Þ. When

drafting the fiscal constitution, district A will choose the taxation option that maximizes its expected welfare.
To illustrate the tradeoff in more detail, we provide the following numerical example, setting parameter values as

follows: p�1 ¼ 20, K1 ¼ 20, pollution intensity y1 ¼ 2:1, majority share of tax revenue lM ¼ 0:7, and pollution exposure
coefficients gA1A ¼ gB1B ¼ 5. Table 1 shows which tax system (decentralized D, federal uniform FU, or federal district-
specific FD) is preferred by district A as KA1 varies from 0 to 20, and the extent of (symmetric) transboundary pollution
gk1j ¼ gB1A ¼ gA1B ranges from 0 to 5. These values cover the range of district A owning none to all of sector 1 capital, and
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25 It is assumed that a district’s tax revenue share lM depends on the district being the one who sets federal tax rates, rather than on any other district

characteristic, such as employment or capital share.
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from transboundary pollution being non-existent (gk1j ¼ 0 for jak) to complete (gk1j ¼ 5 for jak). Finally, in Table 1 we set
the probability of A being the district to set the actual tax rate at f¼ 0:5. (More generally, of course, this is the probability
that A is a majority district.)

From Table 1, we infer that a major determinant of district A’s constitutional choice is its share in industry 1 capital, KA1.
If this share is sufficiently low, then centralized taxation is optimal, but if KA1 lies above a certain threshold, decentralized
taxation will be chosen. When district A’s ownership of the capital stock in sector 1 rises, it increasingly wants to avoid the
risk of being in the minority under a federal system. The advantage of centralized taxation lies in the fact that the district
that sets federal tax rates receives a higher share of the overall tax revenue, in the example lM ¼ 0:7. Decentralized taxation
gives each district the tax revenue from taxing its own industry only, which is favorable when the district’s capital stock is
relatively large.

The degree of cross-boundary pollution also matters for the constitutional choice; i.e., higher cross-boundary pollution
coefficients may lead to an increased preference for a centralized tax system. In the example, this effect leads to a switch in
the preferred policy system for intermediate levels of KA1, in Table 1 for KA1 ¼ 10 and 12. Also notice that in the example,
the federal district-level system is never strictly preferred. Since f¼ 0:5, region A always at least weakly prefers the
uniform federal policy ðFUÞ over the district-level federal policy ðFDÞ, which would lead to lower overall social welfare.
When district A has no capital in industry 1, FD and FU become equivalent. This is because the district that sets policy
always sets (only) the tax rate in the other district, in this case.

Proposition 9. When there is uncertainty about which districts will be in the majority, districts with greater industry capital

concentration facing lower cross-boundary pollution are more likely to opt for a decentralized taxation system.

The intuition is that under a centralized (federal) system, being in the minority is detrimental for welfare, in particular
when the minority has a relatively large share of the capital stock. At lower levels of the capital stock a district would agree
to the restrictions imposed by a federal uniform (FU) approach but not to a federal district-specific (FD) approach, due to
concerns about majority bias.

The higher probability of district A setting the tax rate may not only lead to the federal district-level policy being
preferred over the federal uniform policy in most cases. In addition, the range of situations in which a centralized system is
chosen increases, once again because of the redistributional possibilities that centralized systems offer. This is particularly
the case for high levels of transboundary pollution damage. As in Table 1, higher capital in district A and lower cross-
boundary pollution coefficients make the decentralized system relatively more advantageous.

District-level federal policy can be the preferred tax system, however, if a district expects to be setting the tax rate itself
(displayed in bold in Table 2). Consider the optimal tax system choice for the above example, with the only change that
now f¼ 0:9. In this case, it is likely that A will set the tax rates, and A is thus less interested in limiting majority bias, but
wants to take advantage of deciding discriminatory tax rates. Therefore, the federal district-level policy may be the
preferred centralized choice for intermediate values of KA1 and zero or high values of gk1j, as Table 2 shows. When district
A’s share of the capital stock is sufficiently low, it prefers FU due to the risk that B may end up deciding tax rates, and at the
same time the cost of FU is low in terms of the tax levied on its own capital stock. District A selects FU again when the level
of transboundary pollution damage gk1j is low, but positive (and KA1 is not excessively high). This is because here
transboundary pollution is not a major consideration for district B, and an FD regime would lead to a severely penalizing
tax rate for district A. In the absence of transboundary pollution ðgk1j ¼ 0Þ, however, the choice pivots back again to FD for
several levels of the capital stock, as the opportunity to take advantage of majority bias is the only concern.

Proposition 10. If districts have an a priori higher expectation that they will be part of a majority coalition and thus will be able

to choose the centralized tax rates, they are more likely to back a federal tax system in general, and a federal district-level tax

system in particular.
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Table 1

Optimal constitutional choice, uncertainty about who will set tax rate, f¼ 0:5.

gk1j ¼ 0 gk1j ¼ 1 gk1j ¼ 2 gk1j ¼ 3 gk1j ¼ 4 gk1j ¼ 5

KA1 ¼ 0 FD,FU FD,FU FD,FU FD,FU FD,FU FD,FU

KA1 ¼ 1 FU FU FU FU FU FU

KA1 ¼ 5 FU FU FU FU FU FU

KA1 ¼ 8 FU FU FU FU FU FU

K1A ¼ 10 D FU FU FU FU FU

KA1 ¼ 12 D D D D FU FU

KA1 ¼ 14 D D D D D D

KA1 ¼ 15 D D D D D D

KA1 ¼ 18 D D D D D D

KA1 ¼ 20 D D D D D D

Notes: cell entries are the preferred constitutional choice for the given set of parameters: FD=federal district-specific; FU=federal uniform;

D=decentralized. See text for more details.
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5.2.2. System policy choice under uncertainty about majority and identity

In addition to uncertainty about who will set the actual federal tax rates, it is also conceivable that a district is uncertain
about its own characteristics, for example because these characteristics, such as capital concentration, may change over
time. To show the effects of such uncertainty about district characteristics, consider our simple example from the previous
section and suppose that a district is not only uncertain about whether it will set the federal tax rates, but also about
whether it will have the characteristics of district A or district B, which, assuming that the cross-boundary pollution
coefficients are symmetric, is really an uncertainty about capital concentration in a district. Denote the probability that a
district will have the characteristics of district A by Z, and the characteristics of district B by ð1�ZÞ. When choosing the
fiscal constitution, the district compares its expected welfare if taxes are decentralized ðZWd

A ðt
d
A1; t

d
B1Þþð1�ZÞWd

B ðt
d
A1; t

d
B1ÞÞ,

federal district-specific ðZfWfA
A ðt

fA
A1; t

fA
B1Þþð1�ZÞfWfA

B ðt
fA
A1; t

fA
B1ÞþZð1�fÞW

fB
A ðt

fB
A1; t

fB
B1Þþð1�ZÞð1�fÞW

fB
B ðt

fB
A1; t

fB
B1ÞÞ, or federal

uniform ðZfWfA
A ðt

fA
1 Þþð1�ZÞfWfA

B ðt
fA
1 ÞþZð1�fÞW

fB
A ðt

fB
1 Þþð1�ZÞð1�fÞW

fB
B ðt

fB
1 ÞÞ, and chooses the tax system that leads to

maximum expected welfare.
Consider the numerical example with p�1 ¼ 20, K1 ¼ 20, y1 ¼ 2:1, lM ¼ 0:7, gA1A ¼ gB1B ¼ 5, gB1A ¼ gA1B, f¼ 0:5, Z¼ 0:6,

given in Table 3. The numbers are the same as in Table 1, with the additional parameter Z (the probability that the district
has A characteristics) set equal to 0.6.

Compared to Table 1, this additional uncertainty about the characteristics of the district causes the federal uniform
taxes to be preferred over more sets of parameter values (35 versus 25 of the 60 cases). What causes the change in
preferred policies? The uncertainty about district characteristics means that a weighted welfare of districts A and B for
different tax rate setters is maximized. District B holds capital KB1 ¼ K1�KA1 in industry 1, and the probability that B is the
majority district equals 1�f. If there is no uncertainty about district characteristics, B’s tax system choices would be
opposite to A’s choices: If A prefers decentralized policy, B prefers centralized policy and vice versa. Moreover, if A prefers
federal district-level policy for some parameter values KA1 and gj1k, B does not. Hence, Zo1 may affect the policy choice:
The closer Z is to 1 (respectively, 0), the more (less) Table 3 resembles Table 1. Moreover, as Z approaches 0.5, the federal
uniform tax system becomes the tax system of choice. Indeed, if Z¼f¼ 0:5, then FU is the best choice except for the case
of no transboundary pollution ðgj1k ¼ 0Þ.
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Table 2

Optimal constitutional choice, uncertainty about who will set tax rate, f¼ 0:9.

gk1j ¼ 0 gk1j ¼ 1 gk1j ¼ 2 gk1j ¼ 3 gk1j ¼ 4 gk1j ¼ 5

KA1 ¼ 0 FD,FU FD,FU FD,FU FD,FU FD,FU FD,FU

KA1 ¼ 1 FU FU FU FU FU FU

KA1 ¼ 5 FD FU FU FU FU FU

KA1 ¼ 8 FD FU FU FD FD FD
KA1 ¼ 10 FD FU FD FD FD FD
KA1 ¼ 12 FD FU FD FD FD FD
KA1 ¼ 14 D D D D FD FD
KA1 ¼ 15 D D D D D FD
KA1 ¼ 18 D D D D D D

KA1 ¼ 20 D D D D D D

Notes: cell entries are the preferred constitutional choice for the given set of parameters: FD=federal district-specific; FU=federal uniform;

D=decentralized. See text for more details.

Table 3

Optimal constitutional choice, uncertainty about tax rate setter and district characteristics, f¼ 0:5, Z¼ 0:6.

gk1j ¼ 0 gk1j ¼ 1 gk1j ¼ 2 gk1j ¼ 3 gk1j ¼ 4 gk1j ¼ 5

KA1 ¼ 0 FD,FU FD,FU FD,FU FD,FU FD,FU FD,FU

KA1 ¼ 1 FU FU FU FU FU FU

KA1 ¼ 5 FU FU FU FU FU FU

KA1 ¼ 8 FU FU FU FU FU FU

KA1 ¼ 10 D FU FU FU FU FU

KA1 ¼ 12 D D FU FU FU FU

KA1 ¼ 14 D D D FU FU FU

KA1 ¼ 15 D D D FU FU FU

KA1 ¼ 18 D D D D FU FU

KA1 ¼ 20 D D D D D FD,FU

Notes: cell entries are the preferred constitutional choice for the given set of parameters: FD=federal district-specific; FU=federal uniform;

D=decentralized. See text for more details.
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What happens if district A has a higher probability of being the district to set the taxes? To investigate, consider the
numerical example with p�1 ¼ 20, K1 ¼ 20, y1 ¼ 2:1, lM ¼ 0:7, gA1A ¼ gB1B ¼ 5, gB1A ¼ gA1B, f¼ 0:9, Z¼ 0:6. These numbers are
the same as in Table 2, with the additional parameter Z¼ 0:6.

In Table 4, the extent to which uncertainty about district characteristics increases the preference for federal uniform
policy is striking: federal uniform taxes are strictly preferred for 40 of the 60 parameter combinations presented in the
table, compared to only 15 in Table 2, when the district was certain to have A characteristics. Unlike Table 2, federal
district-specific policies are no longer strictly preferred in any scenario considered. Note that here, the probability that the
district is a majority district is 0.58 (it is a majority district with A characteristics with probability 0:9� 0:6¼ 0:54 and a
majority district with B characteristics with probability 0:1� 0:4¼ 0:04). We summarize these findings in:

Proposition 11. A higher degree of uncertainty (i.e. the closer f and Z are to 0.5) leads to an increased preference for the federal

uniform tax system.

6. Conclusion

Our results yield new insights about environmental policy outcomes in federal systems which are applicable to the
environmental federalism debate. Majority bias, in the form of policies that favor the majority party’s home districts,
affects federal and state-level policy making. The degree to which majority bias drives a wedge between optimal and actual
policy outcomes depends on whether factors of production and pollution damage are located in majority or minority party
districts. In particular, we find a novel argument for uniform (across districts) federal policy making: these policies reduce
the majority legislators’ ability to favor their home districts at the expense of districts represented by the minority party.
Majority bias also affects the optimal choice between state-level and federal policy. We show that the presence of majority
bias can change the ranking of government policies and, in some cases, may bring distortionary policies closer to the
optimal policy. These theoretical results may provide guidance for future empirical work on the determinants of
environmental taxation in majoritarian political systems, since they suggest that empirical studies should be on the
lookout for majority bias as an environmental policy determinant.
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