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Abstract

Voluntary participation can improve multilateral environmental governance. We
model voluntary participation of states in unanimously approved federal environmen-
tal policy. A Pareto-improving federal emission price coexists with state-level emission
pricing. Federal revenues are distributed equally per capita (egalitarian), in proportion
to states’ historical emission levels (sovereignty), or states’ actual payments (juste re-
tour). We find that the existence of Pareto-improving uniform federal prices depends
on wealth differences, transfer rules, and on whether or not states anticipate transfers.
Sovereignty transfers work in all cases. Differences in wealth can undermine egalitarian
transfers. Juste retour transfers render federal policy ineffective if states anticipate
them. The richest state prefers the lowest Pareto-optimal federal price (”minimum
price”) as it becomes the largest net-donor. Adding different population sizes, the rich-
est and largest (smallest) state prefers the minimum price with sovereignty and juste
retour transfers (egalitarian transfers). Therefore, rich states brake and simultaneously
make possible passing unanimous federal policy.
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1. Introduction

Environmental pollution, pandemics, and climate change are prime examples of
threats to the international community. Much scholarship in economics suggests that
rich people and countries voluntarily contribute more to mitigating such threats than
their poor counterparts (Olson and Zeckhauser, [1966; Bergstrom et al.,[1986)). From the
optimality conditions of welfare maximization, it also follows that rich entities should
contribute more than poor ones. When using a uniform multinational price signal,
for instance, allocative efficiency alone demands higher transfers from rich to poor
entities (e.g. Sheeran, 2006 Chichilnisky and Heall, [1994; Sandmo, 2007; |Engstrom and
Gars, 2015)[1-]. But the necessary multinational transfers from the rich may exceed their
voluntary contributions (e.g. [Stavins, [1997; Shiell, 2003; |[Sandmo)|, 2007) and coexisting
local policies can jeopardize the efficiency of the multinational policy (cf. Williams,
2012; Burtraw et al., [2018).

In practice, federations have a multinational (federal) government and a multi-
layered environmental policy of federal and state authorities. If a federal policy repre-
sents a Pareto-improvement for its members, it can find broad acceptance among the
states. The European Union (EU) is a case in point. Broad state support is crucial
for EU legislation since EU policies often require unanimity to get passed. This creates
difficulties because states are heterogeneous. For instance, states can differ in size and
wealth. A pertinent question becomes: How does the heterogeneity of member states
affect their willingness to federalize part of their environmental policies?

In this article, we investigate how federalism can help collective voluntary emission
reduction of heterogeneous member states. We study the role of a federal author-
ity that uses transfers and a uniform federal emission price to coordinate the states’
emission mitigation efforts. It strives simultaneously to reduce emissions for the entire
federation and to ensure voluntary participation of the states. States differ in wealth
and population size and set local policies that coexist with federal policy. Improving
the understanding of the obstacles and requirements for the voluntary participation of
states in federal environmental policy helps with i) assessing the impact of the coex-
isting policies at the state and federal levels and ii) guiding burden-sharing design in

federal systems, which then, in turn, allows for the identification of iii) a basis for broad

!Changes in land use - e.g., conversion of natural habitats to agricultural or urban ecosystems -
influence the risk and incidence of zoonotic diseases in humans. Therefore, reducing the loss of natural
habitats can reduce the likelihood of future epidemic and pandemic outbreaks (cf. |Gibb et al.l 2020;
Tollefsonl, [2020; (Olivero et al., |2017)). Pigouvian pricing can, at least theoretically, reduce land use,
land conversion, or deforestation rates, thereby lowering the risk of pandemic outbreaks.



consensus towards federal policy design.

Our main contribution is to show under which conditions unanimity ensuring, uni-
form federal emission prices exist. Specifically, we find that the richest state takes on
the role of the largest donor, and its utility is maximized at the lowest of all optimal
federal prices that ensure voluntary participation. This price designates the unanimity
ensuring federal minimum price.

Surprisingly, the conditions for voluntary participation of states in federal environ-
mental policy have not yet been investigated. Contributions on the voluntary provision
of public goods, multinational environmental policy, and fiscal federalism, however,
have already analysed individual aspects of the above research question and serve as
the point of departure for the present study. The Cold War and the founding of NATO
initially stimulated the research on voluntary, decentralized public good provision. This
strand of literature finds that rich entities voluntarily bear a larger share of the burden
of global public good provision (Olson [1965; |Olson and Zeckhauser, [1966; Bergstrom
et al., [1986]). Second, spurred by the necessity for mitigating climate change and the
design of the Kyoto Protocol, literature emerged on centralized multinational environ-
mental policy, finding that rich entities should bear the larger share of the burden even
for reasons of allocative efficiency alone (e.g. Chichilnisky and Heal, [1994)). Third, the
literature on fiscal federalism considers the decentralized and centralized institutional
perspectives at the same time. |Bohringer et al.| (2016)) study tax base rivalry between
states and the federal government in the context of carbon pricing. They find that a
state can implement local carbon pricing largely at the expense of other states. If state
and federal policies coexist, [Williams| (2012) finds that a federal emission tax can be
superior to emission quantity controls since the additivity of the taxes prevents a mu-
tual overruling of state and federal environmental policies. Since the second-generation
theory of fiscal federalism is concerned with the viability and limited power of fed-
eral institutions (Oates|, 2005)), the present study contributes to this research strand in
particular. We provide a detailed literature review in Section [2|

We develop a general equilibrium model with coexisting state-level and federal emis-
sion pricing. All governments use emission pricing to reduce the damage caused by
transboundary emissions. Emissions are an essential input for private good production ]
The analytical part of our study focuses on state differences in terms of different capi-

tal endowments, and we often keep population size equal across states. The numerical

2We assume emissions to be essential, as we are interested in finding entry points for more stringent
climate policies. To date, economies are not sufficiently decarbonized (cf. |Climate Action Tracker]
2020)).



part more thoroughly investigates population size differences. Each state government
non-cooperatively chooses a domestic emission price to maximize domestic welfare and
distributes revenue from the policy equally among its consumers. Since both state- and
federal-level emission policies coexist, the policy at one level affects the revenues at
the other. This is known as a vertical fiscal externality (cf. Dahlby and Wilson, [2003]).
We explore both state behavior that internalizes the vertical fiscal externality and such
behavior that is ignorant of it. In the following, we refer to these cases as ”anticipation”
and "no anticipation”, respectivelyﬁ The federal government cares for the welfare of
the entire federation. It has a strategic advantage over state governments such that
it can influence state policy choices through its own policy choice (Stackelberg leader)
(cf. Wilson, 2006). Given a revenue transfer rule and using a uniform emission price,
the federal government maximizes the welfare of one state while ensuring that no other
state falls below its decentralized outcome (Pareto-improvement)[f| We compare three
federal transfer rules: 1) equal per capita transfers (egalitarian), 2) transfers propor-
tional to a states’ historical emission levels (sovereignty), and 3) transfers proportional
to actual emission payments (juste retour). All of these rules are well-established in
policy practice and theory (cf. Section .

We find that, under specific conditions, there exists a range of Pareto-improving,
uniform federal emission prices. The conditions involve the transfer rule, the presence
of federal transfer anticipation, as well as the differences in endowments across states.
In the following, we denote by ”feasible federal emission prices” those uniform federal
emission prices that ensure Pareto-improvements (i.e., unanimity) in the federation and
that cannot be Pareto-dominated. If feasible federal emission prices exist, we find that
poor states benefit from federal emission pricing in terms of welfare by definition, but
the more stringent the federal price, the more they benefit. Also by definition, rich
states always gain in welfare in the range of feasible federal emission prices. The more

stringent the federal price, however, the more they net-contribute to poor states. This

3 For a practical example of unanticipated federal transfers, consider the German government’s
misgivings regarding the governance level at which the energy tax should be increased. An increase
in the EU energy tax raises national concerns about losing tax revenues. In response, Germany could
preemptively increase its national energy tax to ensure that the German tax base’s revenue stays
in Germany. The reason for such a preemptive measure could be that Germany does not anticipate
benefits from EU energy tax revenues. The opposite would be true if Germany anticipates that it would
benefit from EU energy taxation. In this case, Germany may even reduce its domestic tax to enable
the EU to draw larger revenues from the German energy tax base. The latter example corresponds to
the case of anticipated federal transfers.

4The uniform emission price instrument is comparable to the “uniformity assumption” of (Oates
(1972)) often considered in the fiscal federalism literature. The Pareto criterion resembles the welfare
economic counterpart of unanimity (Buchananl [[1967] 1999).



observation is reflected in the ranking of the feasible federal emission prices: The lowest
feasible price (federal minimum price) prioritizes the interests of the richest state, while
the poorest state gains the most at the highest feasible price.

There are two possibilities to interpret the existence and ranking of feasible federal
prices concerning federal policy negotiations. The first interpretation resembles what we
consider the conservative and currently more realistic case for climate policy. Suppose
that net-donors’ voluntary participation is a requirement for successful federal policy
negotiations. Further, suppose that the negotiations start at a federal emission price
of zero and incrementally bid until a state vetoes a further price increase. In that case,
our results suggest that the richest state, in its position as the largest donor, would
want to settle at the federal minimum price. In that sense, the richest state puts brakes
on the negotiation process as it represents a bottleneck for further increases of the
uniform emission price above the minimum price| At the same time, by virtue of its
role as the largest donor, the richest state makes federal policy feasible in the first place.
The second interpretation of how the feasible price range can relate to the negotiation
process is in terms of the ultimate federal price that is acceptable to all states. Suppose
negotiations do not end after the first veto, but at the agreeable ultimate price ﬁ Our
results suggest that all states, including the richest, would accept an ultimate federal
price of either zero or the maximum priceﬂ

Regarding the federal transfer rules, we find that the sovereignty rule is the only
rule that always yields feasible federal prices regardless of the capital heterogeneities
present. Juste retour transfers perform identically to sovereignty transfers if they are
unanticipated by the states. Similar to/d’Autumne et al.| (2016]) and Shiell (2003), whose
models do not cover anticipation, we also find that juste retour transfers are effective
when they are not anticipated. If the states, however, anticipate the federal juste
retour transfers, this rule becomes ineffective, as it always reproduces the outcomes of
the situation without federal policy. Finally, if capital heterogeneity is too pronounced,
egalitarian transfers fail to produce any feasible federal emission prices. Our numerical
analysis distinguishes rich and poor states (in terms of capital per capita) as well as
large and small states (in terms of population size). Both rich (poor) states have

the same capital per capita level. Likewise, both small (large) states have the same

5In reverse, if negotiations started at a very high price and were bid down until unanimity was
reached but the first states vetoed, then the poorest state will put brakes in the price downward spiral
at the maximum federal price.

6Ultimate in the sense of whether the negotiations are a bidding up or bidding down of the federal
price.

"We thank an anonymous referee for pointing out this interpretation.



population level. Thus, the numerical analysis comprises four states with four different
aggregate capital levels: rich and small, rich and large, poor and small, poor and large.
If egalitarian transfers are used, we find that the minimum feasible federal emission
price corresponds to the richest state with a smallest population size. If, on the other
hand, sovereignty transfers or unanticipated juste retour transfers are used, this role
is taken on by the richest state with the largest population size (being the richest in
aggregate capital endowments).

Further research should also examine the heterogeneity of states in terms of pro-
duction technologies. For example, Poland, as a relatively poor but large country, has
many coal-fired power plants. On the other hand, Denmark is a relatively small country
that is wealthy and has many wind-farms. Roolfs et al. (2020) have analyzed hetero-
geneity in production technologies using a numerical model calibrated to the EU. They
find that technological heterogeneity can change the results in terms of the ranking of
feasible federal prices towards emission intensive states.

The rest of the paper is structured as follows. Section [2reviews the related literature
and links the considered transfer rules to commonly used equity criteria. Section
presents and discusses the multilevel general equilibrium model. The impact of different
transfer criteria is analyzed in Section[d] divided into an analytical and a numerical part.

We conclude in Section [Bl

2. Literature review

This study contributes to the multinational environmental policy and environmen-
tal fiscal federalism literature. We adopt the multilevel governance structure of envi-
ronmental fiscal federalism to reflect the decision processes of federations such as the
European Union, Canada, Switzerland, Germany and the United States. We draw on
the literature on voluntary public good provision to represent sovereign, self-interested
decision making of member states in a federation. Since a voluntary multilateral envi-
ronmental policy may only be feasible if it is regarded as fair by the participants, we
draw on the literature on equity and burden-sharing.

A large part of the literature on multinational environmental policy does not con-
sider unanimous decision making. This literature focuses instead on the efficiency and
equity of uniform multinational environmental policy in first- or second-best settings.
These studies investigate top-down regulation from the perspectives of a social planner
and /or centralized policy (Chichilnisky and Heal, 1994} |Chichilnisky et al., 2000; Shiell,
2003; [Sandmo, |2007)), or a top-level government with delegation authority over all lower

levels of government (e.g. |d’Autumne et al., 2016)). (Chichilnisky and Heal were the first



to show that for a global public good, like carbon emission mitigation, equity and ef-
ficiency cannot be considered separately. In their seminal 1994 paper, they highlight
that in poor states a high marginal utility of consumption hinders mitigation efforts.
The opposite holds for rich states. This results in the need to harmonize the marginal
utility of consumption across states. When focusing on a uniform multinational price
to mitigate emissions, their central finding is that transfers from rich states to poor
states are necessary to achieve efficiency. Engstrom and Gars (2015 provide a recent
overview of this literature strand. These theoretical optimal transfers, however, can be
very large and encounter the resistance of states or countries following their self-interest
(cf. [Stavins, 1997} |Gruber, [2000; Sandmo, 2004, [2007; Wiener} 2007; Edenhofer et al.,
2017). The regulatory top-down view is complemented by the bottom-up perspective
on multinational transfers found in the literature on international environmental agree-
ments (cf. Barrett, 2005).

The contrast between central and decentralized regulation is a key topic in the re-
search agenda of fiscal federalism. Indeed, within the context of local public goods
provision, the first generation of the literature on fiscal federalism focuses on deter-
mining which regulatory tasks to centralize and which tasks to leave to decentralized
policy-making. Drawing mainly on efficiency and equity arguments, similarly to the
multinational environmental policy literature, this literature finds that the main re-
sponsibility for federal public good provision should be left to the federal government
(e.g. Musgrave, [1959; Oates, 1972, 2000)). See also Oates| (2005)) for an overview of the
literature. Early studies on fiscal federalism assume that the federal government plays
a passive role, e.g. by containing horizontal fiscal externalities resulting from tax com-
petition between states. In this context, the phenomenon of a ”"race to the bottom” is
often discussed, a phenomenon in which states undercut each other by tax reductions
when competing over mobile factors in the attempt to get a locally larger tax base.
If, however, states and the federal level compete for the same tax base, vertical fiscal
externalities can become as central to the analysis of federal systems as horizontal ex-
ternalities (cf. Wilson|, 2006; |Keen, [1998). Absent of environmental regulation vertical
fiscal externalities have extensively been studied in the work of Keen and Kotsogian-
nis| (2002); Keen| (1998); Bruellhart and Jametti (2006); Dahlby and Wilson| (2003);
Bohringer et al.| (2016) and can induce state governments to overtax the local tax base
(cf. Keen and Kotsogiannis|, 2002). Bohringer et al.| (2016) were the first to assess the
importance of vertical fiscal externalities in the context of environmental regulation.
For the case of the Canadian Federation, they find that due to vertical fiscal exter-

nalities, a state can implement environmental policy at low cost to itself and at the



expense of other states. A literature review on fiscal federalism, and the research on
decentralization of environmental policies is provided by Dalmazzone, (20006]).

The second generation of fiscal federalism is concerned with the viability of federal
institutions (Oates, 2005)). A key concern of these studies is that a federal government
can only have limited control or competence over the political actions of its states.
The EU, for example, is severely limited when it comes to EU-wide tax reforms, since
they require the unanimous consent of the member states (Talus, [2013]). Few studies
exist that deal with limited environmental control in federal systems. Williams| (2012)
considers limited control by examining the coexistence of state and federal emissions
policies. He finds a federal tax to be more efficient than quantity controls since the
additivity of taxes prevents a mutual overruling of state and federal policies.

The literature on wvoluntary provision of public goods shifts the focus away from
efficiency concerns. Instead, it investigates voluntary contributions to a public good
in a decentralized setting. It was pioneered in the works of |Olson (1965) and (Olson
and Zeckhauser| (1966) and formalized in the model by |Bergstrom et al.| (1986). In this
context, voluntary participation can be seen as another constraint that multinational
policy needs to work with. Olson and Zeckhauser| (1966|) show that the USA, as the
wealthiest NATO member, contributed the most to NATO’s expenditures in the arms
race with the Warsaw Pact. Similarly, |Olson| (1986) discusses how benevolent, yet hege-
monic states tend to create multinational systems for public good provision. While the
public good benefits all states belonging to the system, the hegemonic state voluntarily
bears a disproportionately large cost share of public good expenses. It does so volun-
tarily, as long as its own benefit from the public good outweighs the cost of providing
it. The redistribution of wealth can, however, have a negative impact on the level of
voluntary public good provision, as Bergstrom et al. (1986) show. This result also has
its origin in the decreasing marginal utility of consumption causing the richest entities
to be most willing to contribute to the public good. Via this simple mechanism, wealth
redistribution results in lower overall public good contributions, as entities that are
not consumption-saturated would rather use their income for consumption than public
good contributions. One possible interpretation of these results may be to to oppose
the redistribution of wealth. Such an analysis clearly neglects the potential positive
welfare implications of decreasing the inequality across entities, as demonstrated by
Chichilnisky and Heal (1994) and others. Our setting takes both considerations into
account, as changes in inequality are limited by the requirement of a Pareto-improving
federal policy. The present study combines the concept of voluntary contributions with

the fiscal federalism literature. While the first does not consider multilevel policies, the



latter traditionally does not consider the voluntary contributions of states.
Multilateral environmental policy that is considered equitable opens the space for
voluntary participation. A broad spectrum of equity criteria is developed and discussed
in the equity literature (e.g. Rawls, [1971; Burtraw and Toman, |1992; Grubb et al.
11992; Rose], [1992; Rose and Stevens, [1993; |[Rose et al., [1998; |Cazorla and Toman) 2001}
Ringius et al., 2002; Kverndokk and Rose, 2008; Pottier et al., 2017; Kverndokk, [2018)).

Voluntary participation in multinational policy is considered one such equity criterion.

In this literature it is referred to as the "compensation" or "Pareto" criterion (e.g.
Kverndokk and Rose, 2008; Cazorla and Toman)| [2001)). Similarly to the present paper,

this criterion refers to the multinational (federal) objective of improving the welfare of

all consumers in relation to the decentralized policy outcome. There is, however, no

consensus on the "best" equity criterion (cf. [Kverndokk, 2018)). Recent surveys of this
literature can be found in Kverndokk! (2018)); [Pottier et al.| (2017)); Kverndokk and Rose,
(2008); [Paterson| (2001)).

In this study, we consider three different criteria for federal transfer rules that are

both well established in the equity literature and applied in federal policy in practice.
These are the egalitarian, sovereignty and juste retour criteria. Transfers based on the
egalitarian criterion presume an equal ownership of a common resource (e.g. atmo-

sphere) implying that everyone should get an equal share of its revenues.
Sunstein| (2008) argue that many people find the per capita approach attractive because

of its simplicity and appeal to fairness (see supporters also in |Grubb et al., 1992; Klen-

ert et al. |2018). In the federal context it is applied, for instance, by the Swiss Federal

government which equally distributes part of the revenues from the Swiss CO, levy
back to all Swiss residents (FOEN, [2016]). The (ex-ante) sovereignty criterion assumes
that past emissions give a right to future emissions (e.g. [Bohringer et al., [2015; Grubb|

, 1992). It rewards past higher emission levels and can therefore be considered to

be more attractive to richer countries with past higher levels of economic activity. In

the literature, it is also referred to as “status quo” criterion (e.g. Grubb et al., [1992).

In practice, the EU’s ETS revenue distribution, for instance, largely takes into account
states’ emission levels before the EU ETS (EC| 2015|, 2013). While the previous crite-

ria can be determined before a federal policy is introduced (ex-ante), the juste retour

criterion accounts for the actual level of emissions. It is, therefore, an outcome or an

ex-post-based criterion (cf. Bohringer et al.l 2015). Juste retour literally means ”fair

return”. It presumes that the actual emission payments of a state to the multinational
(or federal) government grant the state the right to federal revenue transfers that per-

fectly offset the emission payment. The literature also refers to this type of transfers



as "no intercountry” transfers (e.g. Shiell, 2003; |d’Autumne et al.| 2016)). As [Shiell
(2003) puts it, a state that feels relatively poor might not be willing to pay transfers to
relatively richer states and might articulate this concern in its negotiation position. In
practice, juste retour transfers are often requested from the EU by EU Member States
(Warleighl [2004). For a more technical overview of the transfer rules, see Table [I]

In a nutshell, this study combines the four previously discussed strands of literature
to contribute to the understanding of environmental policy in multilateral systems and
federations in particular. Studies on multinational environmental policy find that an
efficient multinational emission price requires redistribution from rich to poor states.
The equity literature presents a variety of fairness criteria, among which rank Pareto-
improvements, and egalitarian, sovereignty, and juste retour transfers. The literature
on fiscal federalism focuses on the efficiency and viability of federations and a multilevel
policy structure, finding that policy interactions across multiple levels can incentivize
states to override federal policy or to pass on the costs of its local (environmental)
policy to other states. The literature on voluntary public good provision examines the
willingness of self-interested entities to create or to contribute to a public good. It
finds that a benevolent, yet hegemonic state is willing to create a multinational system,
and that rich entities voluntarily contribute more to public good provision than poor
entities. Conditions for voluntary participation by the states in federal environmental
policy have not yet been examined. This paper combines the theories of voluntary
provision of public goods and fiscal federalism. We draw on the insights into multi-
national environmental policy design and equitable burden-sharing since we consider a
transboundary emissions damage (the mitigation of which is a public good). Specifi-
cally, this study adds the environmental focus and unanimity concerns to the second
generation of fiscal federalism, which examines the institutional design of federations

as a central determinant of their viability.

3. The model

The model represents a federation of m member states. Member states can dif-
fer in their capital stocks and population sizes. Population and capital are immobile
across states. The entire population consists of identical consumers within a state.
Each consumer rents out its capital endowment to the respective representative firm.
Consumers receive transfers from the revenues of the state and federal emission prices.
Firms pay for the emission of harmful transboundary emissions during the production
of the final good. Each consumer derives utility from the consumption of a private good

and dis-utility (damage) from emissions. Firms use emissions and capital to produce



the private good. Note that since we have a single private good, our setting cannot be
considered an international trade model. Our approach is comparable to (Chichilnisky
and Heal| (1994) and net transfers can be interpreted as ”gifts” from one or more states
to another F

State and federal governments choose optimal emission prices that strike a balance
between emissions and private good consumption and recycle the revenues back to
the population. Each state government charges a price on domestic emissions and
distributes the revenue equally among its population. The federal government sets
a uniform emission price, in addition to state prices, in case this leads to a Pareto-
improvement relative to the decentralized state policy solution. It transfers federal
revenues based on the egalitarian, sovereignty or juste retour criteria. Since the transfer
criteria are given, the federal solution is a second-best optimum.

In Table [1| we provide an overview of the transfer criteria considered. We opera-
tionalize these as transfer rules in our model following the existing literature. We use
s; to represent the federal transfer share to each consumer in state i = 1, ..., m, while n;
denotes the number of consumers in state i. Note that for ex-ante criteria, the transfer
size is independent of the federal policy outcome. We use the benchmark scenario with-
out federal policy as the point of reference instead of historical data (cf. decentralized
equilibrium). Decentralized emission levels of a state are denoted by E? and the total
decentralized emission level is E°. Actual emission levels, when state and federal policy
coexist, are denoted by F; and F.

The structure of the model can be summarized as follows. In the first stage, the
federal government sets a federal uniform emission price. Its objective is to make at
least one state better off, while no other state is worse off compared to the decentralized
solution (Pareto-improvement). The federal government has information on the indi-
vidual characteristics, interests and reactions of its member states and thus acts as a
Stackelberg leader. In the second stage, based on the reactions of firms and consumers
and taking the federal price as given, each state government non-cooperatively sets a
price on domestic emissions. Its objective is to maximize the utility for the local pop-

ulation. In the third stage, consumers and firms in each state solve their optimization

8This should not be confused with trade of private goods between states (cf. Sheeran, 2006). In
the spirit of |Chichilnisky and Heal (1994), however, who consider an emission trading system, one
can make the following trade-interpretation: If the federal government gives out emission permits to
states, states can exchange (trade) these permits against the private good.

10



Criterion Definition Operationalized Formula
rule
ex-ante
Egalitarian Equal ownership of Every person gets the S; Z.lnv
the atmosphere in same share of federal 7
which emissions emission price revenues.
are stored.
Sovereignty Past emissions Federal revenues are S; nig—ﬁ
grant a right to distributed among the
actual emissions. states in proportion to
each decentralized
emission levels.
ex-post
Juste Retour Actual emission Federal revenues are S; ni%
(no payments grant a distributed among
intercountry right to federal consumers in a state in
transfers) revenues. proportion to the actual

emission level of that
state.

Table 1: Transfer criteria and operationalized federal transfer rules.

the aggregate federal emission levels.
Note: only Section assumes population sizes to be equal across states, i.e. nyr = n; = n;.

Table adapted from [Bohringer et al.| (2015)); [Kverndokk and Rose| (2008); |Grubb et al.| (1992); [Ringius

et al.| (2002)); Cazorla and Toman| (2001)).
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In the formulas s;
represents the per capita transfer share of each consumer in state ¢ = 1,...,m, where ¢ and j index the
states. n; is the number of consumers in state i. Emission levels of state i from the decentralized state
policy and the state—federal policy solutions are EY and E;, respectively. Similarly, E°and E denote



problems, taking all prices, and transfers as givenﬂ.

3.1. Private sector agents

3.1.1. Firms

In each state i a representative firm (firm i) produces a homogeneous final good Y;
which is identical across states. The final good is used as a numéraire. To produce Y;
the firm in state ¢ uses a continuously differentiable production function Y*(K;, E;) that
is homogeneous of degree one, where K; and FE; are capital and emissions, respectively.
Let Y! = 0Y(z,2)/0x and Y, = 0*Y(x, z) /0x0z. Production increases in both inputs
with diminishing marginal products, i.e. Y3 p <0 <Y} and Yji . <0 < Yy .

Taking prices as given, firm ¢ chooses K; and F; to maximize its profits. The rental
rate of capital in state ¢ is denoted by r;, and the unit cost of emission is the sum of the
state emission price p; and the uniform federal emission price P. Since the final good’s
price is numéraire, firms maximize profits by setting their marginal cost of production
equal to one, i.e. mc; = 1, and by setting the marginal product of capital (Y} ) and

emissions (Y% ) equal to their respective unit cost, i.e. Y. =r; and Y}, = p; + P.

3.1.2. Consumers

Each state ¢ is populated by n; identical consumers. Each consumer derives utility
from consuming the final good. Aggregate federal emissions, given by E = Y " | E;,
negatively affect each household’s utility. We assume an additively separable utility
function. The utility function of the representative consumer of state ¢ is given by
u'(c;, E), where ¢; denotes final good consumption. We assume that u > 0, u} . <0,
which implies that the marginal utility from consumption stays equal or decreases with
consumption. Further, we assume that u% < 0, and v’z < 0, which implies that the
higher emissions are, the greater the marginal dis-utility from emissions.

Consumers take prices, emissions, policies and transfers as given. The representative

consumer of state ¢ (consumer 7) chooses the level of consumption ¢; that maximizes

9A literal interpretation of the timing in terms of real-world circumstances could run as follows. If
we take the EU emission allowance price to represent a federal carbon price, then the timing of this
game implies that the EU price evolved first and the member states followed with additional policies.
A case which may not be unrealistic, as the EU ETS was the first large climate policy rolled out. If,
however, the states move first to adopt local climate policy, then our setting would not be suitable
under the literal interpretation of the timing of the game. The state of California might be an example
of a first mover for the US federal system (cf. [Urpelainen, [2009). Our setting can, of course, also
have interpretations that involve the commitment power or strategic advantage of the federal level of
government as described in Section
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her utility subject to her budget constraint

K; E;
¢ =1i— +pi— + 8 PE (1)
n; n;

where K is the aggregate capital endowment in state i and r;K;/n; is the per capita
return on capital, and p;F;/n; and s;PE are state level and federal level transfers to
each consumer of state ¢ that stem from coexisting state and federal emission pricing
revenues. The federal per capita transfer distributes federal emission price revenues
PFE based on the transfer rule s; as introduced in Table [I]

Since each consumer takes emissions as given, the solution to each consumer’s opti-
mization problem reduces to setting consumption equal to income, equation (1)). Zero
profits imply that (r;K;/n; + piE;/n;) = Yi/n; — PE;/n;. By substituting this into

equation , state i’s consumption becomes

o=t (wB- 2P @)

n; n;

Therefore, state ¢’s consumption departure from local production Y; is determined by
the net federal transfer, (s;,E — E;/n;) P[]

3.1.3. Market clearing and reaction function of the private sector

Capital market clearing in each state implies that capital demand K; equals the
aggregate capital endowment in state i, i.e. K; = K;. Market clearing in final goods is
given by > . nic; = . Y,

Using the market clearing conditions together with the first order conditions of
consumers and firms (private-sector agents) allows us to express the solutions for the
pertinent choice variables and factor prices in terms of state and federal emission prices.
We use bold letters to represent these functional formsm These solutions can be con-
sidered reaction functions of the private sector agents. These functions are in the
information set of state level and federal level governments and are taken into consid-
eration in policy-making. We report and discuss these reaction functions in
[C.2] and [Appendix J.2| for a Cobb-Douglas and for a more general CES production

ONote that emissions F;, E and output Y; decrease in the emission prices. See|Appendix C.2| and

N

ote, for example, that Yéi (fi, Ei) = p; + P solves for F; as a function of p; and P ; and since

Y (K;, E;) is homogeneous of degree one, mc; = 1 solves for 7; as a function of p; and P, which
we respectively denote by E; (p;, P), and r; (p;, P). Similarly, Y (p;, P) = Y* (KZ-,EZ- (pi,P)) and
E(p,P) =3, Ei(pi, P) with p = (p1,...pm).
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function, respectively.

3.2. Multilevel emission policy

State and federal governments deal with emission reduction from their respective
vantage points. They are confronted with the problem of balancing consumption and
emissions on different levels (state vs federal). Since both levels set a price on and draw
revenues from the same emissions, the emission price set at one level of governance can
have an impact on the revenues of the other level (vertical fiscal externality). Previous
environmental policy literature considers the unanticipated (Shiell, 2003; |d’Autumne
et al., [2016)) (absent of strategic interactions across governmental layers) as well as the
anticipated case (Williams| 2012)). For the taxation of wage income, Dahlby (2008)
considers it likely that changes in federal revenue induced by state policy are ignored
(unanticipated) by the states. In such a case, this can lead to overtaxation at the state
level (Dahlby| 1996; Boadway and Keenl 1996; Boadway et al., |1998; |Keen, |1998). We

contrast these two cases:

Definition 1 (Transfer Anticipation). Federal transfers are anticipated, if each state
takes into account the effect of domestic policy on the federal transfer revenues received
(indicated with *). Federal transfers are unanticipated, if each state does not take into

account the effect of domestic policy on the federal revenues received['?| Formally:

0(s;PE ..

% #0foralli=1,....m "anticipated” federal transfers,
Pi

J(s;PE

% =0foralli=1,....m "unanticipated” federal transfers.
Di

By comparing the anticipated and the unanticipated cases we can provide results
that are valid under different structures of a federation. First, if the state is one among
many or if it is small, state policy would have a negligible effect on the amount of
transfers received from the federal government. In this case and under the egalitarian
and sovereignty transfer rules, unanticipated transfers can be a good approximation
of the decision problem. Unanticipated transfers also have the added benefit of being
more analytically tractable. Second, as we will show later in this paper, the federal
juste retour transfer performs very differently in the anticipated and unanticipated
cases. Unanticipated juste retour transfers have already been discussed in Shiell| (2003));

d’Autumne et al| (2016)). Third, for federations comprised of large or of only a few

12For an intuitive description cf. Footnote
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member states, anticipated transfers are the more appropriate framework for policy
analysis, because individual states would then have a strong impact on federal transfers

and would therefore likely incorporate this fact in their decision making.ﬁ

3.3. State policy

Each state government cares about the well-being of domestic consumers. The
government of state ¢ chooses the emission price p; that maximizes the utility of its
consumers while taking the federal emission price P and all other state-level emission
prices p; (for all j # i) as given.

The government of state ¢ has perfect knowledge about its consumers and firm
and uses this to arrive at the reaction functions necessary for its own optimization
problem. We can thus rewrite consumer ¢’s utility in terms of p = py,...,p,, and P as
u’ (p, P) = u'(c; (p, P), E (p,P)). The problem of the local government in state 7 is
formalized as

max n;u’ (p, P) given p; v, and P. (4)
Pi

The first-order condition that characterizes the solution to problem is u; =
(ut,0c;/Op; + uly OE/Op;) = O.E After several algebraic manipulationﬂ, we obtain

%api = U, 1; Op; unanticipated, (5a)
up g = —ut, (54 AT et )

We can see how the equilibrium state emission price is a balancing act between
different effects. The left-hand side of equations and represents consumer-
©’s marginal benefit associated with an increase in state-i’s policy p;. This benefit is
expressed in the marginal increase in utility resulting from a decline in local emissions
due to state policy uL0E;/Op; > 0. E}H The right-hand side of equations (bal) and
(bbf) is the marginal cost of p; in terms of utility. The right-hand side accounts for

the impact of state policy on the marginal utility of consumption uz > 0 through the

3Qur discussion on unanticipated transfers can be conceptually linked to the small economy discus-
sion in the literature on international trade, where individual countries are assumed to be unable to
impact international prices and policy.

M4Note that n; cancels out since nzu; = 0 implies that u; =0.

15Provided in |[Appendix Al

6From [Lau and Yotopoulos| (1972)) follows that OE;/dp; < 0.

"The result OE;/dp; < 0 is also derived in |[Appendix C.2|for Cobb-Douglas and in [Appendix J.2

for CES production.
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state policy-induced change in consumer income, which essentially reduces to emission
price revenue transfers, cf. equation . If federal transfers are unanticipated by states,
equation , then each state only considers the marginal consumer income changes its
policy induces on state transfers, p;/n,0E;/0Jp;. Since OE;/0p; < 0, an increase in state
policy always has a negative impact on the size of state transfers. If states anticipate the
federal transfers, equation , each state additionally considers state policy-induced
marginal changes in the federal transfer, where d(s;PE)/0p; = 0(s;PE;)/0p;. Note
that to comply with the first-order condition, the term in parenthesis of equation (5b)
must be negative as the left-hand side is negative and uf: is positive. The effect of state
policy on federal transfers can be ambiguous, depending on the sign of d(s;PE)/0p;.
Suppose that d(s;PE;)/0p; < @, then the state policy unambiguously generates a
decline in the utility of consumption. For any federal ex-ante transfer criteria, one can
see immediately that d(s; PE;)/0p; < 0 because of OE/0p; = OE;/0p; < qﬂ implying
Jd(s;PE)/0p; = s, POE,;/0p; < 0.

Rearranging the m first-order conditions (one for each state) for both cases, i.e.
equations and , results in the reaction functions of state policy, which depend

solely on the federal emission price:

p; (P) = —n; k unanticipated, (6a)
Uy,
} PE;) OFE; .
p; (P) = n; (—Z—f - a(sapi )/aﬁpl ) anticipated. (6b)

In case of unanticipated federal transfers, equation , the state always chooses
a positive emission price p; > 0 because u%, < 0 and u; > 0. In the case of antic-
ipated federal transfers, equation , the policy choice of the state can be positive
or negative, depending on whether the term in parenthesis is positive or negative. If
Jd(s;PE;)/0p; < 0, then the state knows that it can positively influence the size of fed-
eral transfers by reducing its local policy stringency. In doing so, it provides the federal
government with a larger revenue base (tax base) Y . E;. As a result, it might even
be optimal for a state government to subsidize local emissions to increase the federal
revenue base, which, in turn, leads to higher federal transfers. From the fiscal feder-

alism’s perspective, anticipation of federal transfers implies that the state government

18This is indeed the case for all transfer rules considered in this paper, as we will show later in
Section [4.1]
19Gee [Appendix Al
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internalizes the vertical fiscal externality of its local emission price. It does it by taking
into account that an increase in its local emission price leads to a decline in federal
revenues (cf. [Keen| [1998) [

States policies can differ from each other due to differences in population size n;, and
differences in the marginal rate of substitution between aggregate emission reduction
and consumption MRSp. = —uf/ul > 0. In case of anticipation, they can addi-
tionally differ due to the state policy-induced change in the federal transfer. Ceteris
paribus, a larger population size and a larger marginal dis-utility of federal emissions
both lead to a more stringent state policy. The opposite is true for a larger marginal
utility of consumption. Ceteris paribus, if the representative consumer in state i is
richer than his counterpart in state j and marginal utility decreases in consumption,
then the marginal utility of consumption of each consumer in state ¢ is lower than the
marginal utility of consumption of each consumer in state j, i.e. K;/n; > K;/n; implies
uz < ug] Therefore, equations and suggest that a rich state sets a higher do-
mestic emission price than a poor state, implying that rich states voluntarily contribute
more to emission mitigation@ This relationship between marginal utility of consump-
tion and emissions matches the findings in Bergstrom et al. (1986) and (Chichilnisky
and Heal (1994) who argue that larger gains from consumption (large u} ) increase the

optimal level of emissions which is reflected here by a lower state price.

3.4. Decentralized policy equilibrium
Definition 2 (Decentralized policy equilibrium). The decentralized policy equilibrium
is defined by the quantities ¢, E?, K?, Y and prices p?, 79 fori = 1,...,m, such that
each ¢ solves the optimization problem of each consumer in state i; EY, K? and Y
solve the problem of the firm located in state i; p) solves the problem of state i’s gov-
ernment; the market clearing conditions in capital and final goods hold with K; = K;
and >, ;) = 3.V, respectively; and P = 0.

Setting P = 0 in equation and , the emission price chosen by the government

of state ¢ reads

u .
) = —ni—f for all 1. (7)
uci P=0
In the decentralized case, the optimal local emission price in state ¢ is an increasing

function of the domestic population (consumers) size and of the M RSg .,. The M RSk,

20Gee also Footnote
21The numerical analysis in Section elaborates more on population size differences. Thereby, one
can distinguish between a high capital stock in aggregate terms and a high capital stock per capita.
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decreases in the capital endowment if the marginal utility is decreasing, u’ . < 0. Since

i
cici
firms set the marginal product of emissions equal to the emission price, the policy of
state ¢ internalizes the local damage from domestic emissions and weighs it against the
consumption losses from reducing emissions. Formally, we have Yé =p) =n;MRSg.,,.
According to the Bowen-Lindahl-Samuelson condition, the optimal level of emission
reduction would be achieved if each state sets p! = Y. n;MRSg,. It follows that in
the socially optimal case, the state prices would have to be the same, p? = p°. Suppose
that all utilities are weighted equally in a social welfare function@ then in case of wealth
differences across states, all uf: would need to be equalized by lump-sum transfers from
rich to poor states (cf. Chichilnisky and Heal, |1994). Therefore, purely decentralized
policies as in equation , fail to consider the spillover effects of emission damages to

neighboring states and can be improved upon by a joint federal policy.

3.5. Federal policy

The aim of the federal government is to improve upon the inefficient decentralized
equilibrium by setting a Pareto-improving uniform federal emission price that can-
not be Pareto-dominated. When the federal price makes no state worse off than the
decentralized outcome and at least one state does better, voluntary participation is
guaranteed and we consider the federal emission price feasible. Feasibility is facilitated
by the recycling of federal revenues, which the federal government distributes accord-
ing to a transfer rule s; (cf. Table [I)). All federal revenues are distributed so that
PE =) .n;s,PE. To capture the federal government’s coordinating role, we assume
that it acts as a Stackelberg leader, anticipating the reaction of the member states, i.e.
the response of consumers, firms, and state governments.

Formally, Pareto-improving policies are found by maximizing any member state’s

welfare subject to Pareto-constraints for the other member states:
max {nu' (p(P),P)|w (p(P),P)>u"” Vj#i } (8)

with p(P) = (p, (P),py (P), ..., p,, (P)). Since consumers are identical within a state,
the Lagrangian function related to problem simplifies to

L(PX) =w' (p(P), P)+ ) A (w (p(P), P) — u)

22Some normative statement concerning the welfare weights must be made to determine the socially
optimal outcome. Other weights can also be meaningful. We refer here to the case of equal weights
because it is the most simple one to illustrate the argument.
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where Aj.; are the m — 1 Karush-Kuhn-Tucker multipliers related to the utility con-
straints in problem . We provide detailed derivation of the first order conditions in
[Appendix B] [P

If some P satisfies w/ > u% for all j # i, this implies that A; v;-; = 0. If such a case
exists, which we show to be true in the preceding section, matters would be greatly
simplified, and further analytical insights can be attained. In such a case and using

equation , the federal government’s first-order conditions are reduced toﬁ

_up de; dE - de;  1dY'  d(s;E — E;/n;)P
w —aplap "M T ap T ap )
z N— — TV

(a) (®)

Equation (9) indicates that the federal government sets the M RSg,, of each con-
sumer in state ¢ (left-hand side) equal to its marginal change in consumption due to
P relative to a marginal change in aggregate emissions due to P. Using equation ,
we see that the marginal change in consumption comprises the marginal change of do-
mestic per capita income of a consumer in state ¢ (a) and the net federal transfer to a

consumer in state i (b).

Definition 3 (Multilevel policy Stackelberg equilibrium). The multilevel policy Stack-
elberg equilibrium with federal transfer rule s; is defined by the quantities ¢;, }A/i,f(l-, EZ
and prices 5, D;, P such that ¢; solves the optimization problem of each consumer in
state i; )/}z-, lA(z and EZ solve the problem of firm i; p; solves the problem of the state
government i; P solves the problem of the federal government; the market clearing con-
ditions of capital and final goods hold with K; = K; and Y., nici = Y }A/i, respectively;
and the balance of payments condition ?Z + nzslﬁﬁ — ﬁEZ = n,¢; 18 satisfied for all i.

23The traditional concepts of Pareto optimality and Pareto constrained frontiers only make intrap-
ersonal comparisons of utility and avoid making interpersonal comparisons of utility (Fleurbaey and
Hammond, [2004)). The concept of Pareto-improvement we follow only compares the utility levels of
each consumer between the decentralized and multilevel outcomes. This approach, thus, leaves out
making utility comparisons across consumers.

24With the formulation of the federal problem as in equation , we make use of a traditional concept:
The formulation of a Pareto-improvement is equivalent to maximizing a social welfare function given
specific weights (cf. [Krepps! [1990; |Sheeran, [2006). For each minimum level assigned to a consumer j,
10, when maximizing the utility of consumer ¢ in the Pareto-improvement formulation as in equation
7 there is a set of social welfare weights u; ¢ = 1,...,m with Zj p; = 1 which produces the same
Pareto result when maximizing a social welfare function of all consumers and with the same transfer
rule.

%To get this result, note that for Ajvjz; = 0, the first-order condition becomes
ug (%% + W) = u%%. Rearranging yields equation @
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4. Impact of transfer rules

Having specified the model and its decision structure, we now proceed to investigate
the feasibility of federal policy-making when applying specific transfer rules. We divide
this into an analytical results Section 4.1 in which we derive the main argument of
this paper, and a numerical Section 4.2| in which we explore the results for a plausi-
ble parameter space and check the robustness of our main findings to the simplifying

assumptions we made in the analytical part of the paper. @

4.1. Analytical results

In order to analytically explore the mechanics of the model developed we make
the following simplifying assumptions. First, we assume production by Cobb-Douglas
technology Y(K;, ;) = AK E®. The parameters ayx > 0, ag > 0 are the output
elasticities of capital and emissions, respectively, with ax + ag = 1, and A > 0 is an
efficiency parameter. Second, population size is equal across states, i.e. ny; = n; = n;.
Third, we set

u'(c;, E) = ¢; — gE"

where g and ~ are constant with g > 0 and v = 1@ We report and discuss the reaction

functions in [Appendix C.2| for the Cobb-Douglas production function.

Let x; denote the capital share of state ¢ as a fraction of the total capital in the
federation, K = o K;, such that x; = K;/K. Also, let K, = K /m denote the average

capital endowment in the federation and

I1m+~v—ag
ml+vy—ag
1 m+~y—ap—1

Kpg = unanticipated, (10a)

) — ticipated. 10b
Khe ol R E— anticipate (10b)

We call kg and Kk} the capital-homogeneity-restriction for the unanticipated and

26Tn this section, we assume that the production technologies have equal technological parameters
across states.

2TWe recognize that the assumption of linear consumption may seem odd at a first glance. Com-
bining linear consumption with an emission externality where emissions are an input in a production
function exhibiting limited substitutability in the presence of a fixed capital stock guarantees a utility
function that is concave in emissions and the existence of interior solutions. The resulting optimization
problem, thus, has features similar to those observed in settings with log-utility or power utility, while
maintaining analytical tractability. In our numerical analysis, we assume log-utility. The main findings
remain similar.
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anticipated case, respectively. We use these assumptions and notation in the proposi-

tions to come.

4.1.1. Main findings
To isolate the impact of differences in capital endowments, the federal system and
federal transfers, we now set population size to be equal across states, i.e. n; = ny; for

all 7 =1,...,m. We will again relax this assumption in the following Section [4.2]

Proposition 1 (Juste retour (no inter-state transfers) — anticipated). If juste retour
federal transfers, s; = 1/nME7;/E, are anticipated by the states, then dp;/dP = —1; and
the federal government cannot achieve Pareto-improvements relative to the decentralized

solution.

Proof. See[Appendix D] O

Since the federal policy addresses the effect of transboundary emissions, one would
expect that each consumer could be made better off by the federal policy. However,
when anticipated, juste retour transfers fail to produce Pareto-improvements. Since
dp;/dP = —1, state prices offset federal prices one-to-one. Therefore, state and federal
prices become perfect strategic substitutes in case of anticipated juste retour transfers.
In this case, the states fully internalize the vertical fiscal externality, but they internalize
the transboundary emission externality only to the degree that corresponds to their
decentralized policy solution.

The solution for the optimal state price, equation , already gives us an idea
why anticipated juste retour transfers cannot deliver Pareto-improvements by means of
federal emission policy. The partial derivative of the federal revenue transfer (s; PE)
with respect to p; is 0(s;PE)/0p; = P/nyOE;/Op;. Substituting this result into (60))

we get

p*;(P)=—ny— — P. (11)

Expressing in terms of the effective emission price as the sum of state and
federal price, we can see that the effective emission price that firm ¢ pays under the
juste retour transfer rule equals the one it pays in the decentralized solution, i.e. Ygi =
pi + P = nyyMRSg,.,. This already hints that the policy choices at the state level
perfectly offset the federal policy. We show this in more detail in We can
conclude that the juste retour criterion renders federal policy ineffective and therefore

infeasible, as soon as it is anticipated by the states.
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As in |Chichilnisky and Heal (1994) and Sandmo, (2007), we find that Pareto opti-
mality cannot be established in the absence of interstate transfers. In our setting, it
is also the case that, in the absence of interstate transfers and when states anticipate
federal transfers, even Pareto-improvements become impossible, despite the presence
of a strong federal government (Stackelberg leader). Therefore, the case of anticipated
juste retour transfers highlights that it is important that when a federal government

chooses a transfer rule it knows whether its states anticipate the federal transfers.

Proposition 2 (Feasible federal policy). The federal government’s policy leads to a

Pareto-improvement relative to the decentralized solution if

(i) egalitam'af? federal transfers, s;PE = PE/n, are anticipated (unanticipated) by

the states and k; < Kye (ki < kpg) for alli=1,...,m; or
(ii) sovereignty federal transfers, s;PE = (E?/E°YPE /nys, are unanticipated; or
(iii) juste retour federal transfers, s;PFE = PFE;/ny, are unanticipated.

Moreover, there is a non-empty range of prices that solves the federal government
problem.
If also K1 < ... < K,,, then the lowest uniform federal price that is not Pareto-

dominated solves maxp u™(p(P), P).

Proof. Sce Appendix T} s

We call P™" also the ”minimum federal emission price”.

Let k1 < Ko < ... < K. Let P? denote the price P that maximizes the utility of state
i, that is P’ solves maxp u'(p(P), P). Let P, > 0 denote the federal price that makes
the consumers of the richest state indifferent between the decentralized solution and the
federal solution (i.e. u’™ = u™(p(Pr,), Pm,) ). Consider a state ¢ (if it existed) such
that P/, equals the federal price that maximizes the welfare of state ¢ (i.e. P, = P?).

ind ind —

Denote by k, the capital share of such state g.

Proposition 3 (Highest federal price). If k; < kpg (ki < Kje and ax > ag ) in
the case of unanticipated (anticipated) egalitarian transfers then for unanticipated egal-
itarian, sovereignty and juste retour transfers and anticipated egalitarian transfers the

capital share ky=k? (k) is implicitly defined by v, ag, m and k.,. Moreover,

28Note that Proposition 2 shows that only with egalitarian transfers a restriction on capital stock
differences across states is required. We will elaborate on this restriction in Section m
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i) if ki > kg for all i = 1,2,...m then the highest federal price is the price of the
poorest state, that is P! (the price P is provided in the appendiz for each transfer);
else

i) if any k; < Ky, then the highest federal price equals the price that makes the

richest state indifferent between the federal and decentralized solutions, that is P,.

Proof. See[Appendix F] O

From Propositions 2 and 3 follows:

Corollary 1 (Feasible federal price range). The range of federal prices is given by

P e [P™" = P™ P = min{P", P"}].

The federal price associated with maximizing the utility of the richest state is always
the lowest feasible price (P™™). Its conceptual counterpart is associated with the federal
price maximizing the utility of the poorest state. @ The federal price maximizing the
utility of the poorest state, however, is not necessarily in the range of federal prices as
described in Proposition [3|

For anticipated sovereignty transfers, we prove the existence of Pareto-improving

federal prices for v = 1%}

Proposition 4 (Feasible federal policy: sovereignty — anticipated). Let v = 1. If
sovereignty federal transfers, s;PE = (EY/E°)PE /ny;, are anticipated by the states,
then the federal government’s policy leads to a Pareto-improvement relative to the de-

centralized solution.

Proof. See[Appendix G| O

In the following, we provide intuition for the existence and ranking of feasible federal
prices. Figure (1] serves to illustrate the basic intuition underlying the proofs. Let us
focus on Proposition [2| and Corollary 1 for egalitarian transfers. Suppose there are
two states, one is poor, one is rich, and population sizes are equal across states (ny),
ie. i € {rich,poor} and Fpoor/nM < Ky ien/nar. The utility function of state 4 can

be expressed in terms of the federal price P alone, i.e. u'(p, P) = u'(p(P),P), by

29Maximizing the utility of the poorest state corresponds to the equity criterion developed by Rawls,
also known as the maximin criterion (cf. Rawls| [1971)).

30 Analogously to Proposition 2. In the numerical part of the study, we specify the feasibility and
the price range in the general case, see Section @
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using the state reaction functions, equations and E At P = 0, the level of
u’ equals the decentralized utility level ©%. To obtain a maximum of u! for a positive
P, two conditions must hold: First, the slope of u’ must be positive at P = 0. This is
ensured by the capital-homogeneity-restrictions involving r; < Ko and k; < Kpg for
egalitarian transfers. Since Kpoor < Krich, only the rich state can potentially violate the
inequalities Kpicn < KEg OF Kpich < KEGE Second, u’ must be strictly concave in P to
ensure a maximum. Both conditions together imply that there exists a bounded range
of positive federal prices P for which both utilities u’ are greater than the decentralized
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>