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Abstract

We model a federation of two jurisdictions where agents value consumption vs. nature
differently. Consumption obtained through pollution-inducing production also generate a
negative externality on neighbors. When regions are heterogeneous, we show that even
with a decentralized policy we can obtain first-best efficiency by choosing a combination of
pollution taxes in both regions and lump-sum transfers. We show that optimal pollution
taxes are determined only by the externality parameters. For Cobb-Douglas preferences, the
optimal transfer also depend on the initial stocks of nature, but not on preference parameters.
Numerically we explore further the relationship among preferences for consumption versus
nature, pollution externality and government policies.
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1 Introduction

We study a two-region federation model where jurisdictions face trade-offs between consumption,
obtained through pollution-generating economic activities, and the quality of the environment.
Pollution not only damages the local environment, but also creates negative externalities on
neighbors. We view environmental externalities as generators of public "bads", along the lines
of Meade’s (1952) concept of "atmospheric externalities" (Sandmo, 2011). This paper investigates
how heterogeneity with respect to externalities (pollution), endowment of nature and agents’ pref-
erences for nature quality shape environmental policy interventions in the context of a federation.

The population in different jurisdictions may value the environment differently, or be willing
to make different economic choices to preserve environmental quality. In our economy, regions
are heterogeneous in three aspects: households preferences for consumption versus nature quality,
initial endowment of nature and degree of environmental damage spillovers. A central government,
in the spirit of a federation, maximizes the welfare by choosing two policies: a lump-sum transfer
and a pollution tax.

Intervention by the central government can reduce the effect of externalities and allow for
redistribution. In fact, the choice of instruments by the central government in our model mirrors
those available in practice to federations, where there usually exists transfer mechanisms that may
depend on the economic decisions of each jurisdictions. The lump-sum transfers and pollution
tax are designed such that they generate no net revenues for the central government: the lump-
sum transfer is from one region to the other, irrespective of the economic decisions taken by
the jurisdictions, while the pollution tax has built-in liability, with the polluter compensating its
neighbor.!

We show that when regions are heterogeneous in all three dimensions, i.e., nature endowment,
damage spillovers and valuation of consumption vs. nature, we can achieve first-best efficiency

by using both policies together, that is, pollution tax rates tailored for each region and a lump-

'For alternative federal, inter-jurisdictional settings see, for instance, Boadway, Song and Tremblay (2013)
and Silva and Caplan (1997). The assumption that the central government returns all proceeds of its policies is
particularly realistic if we think of supra-national agreements or cases where revenues originating from pollution
policies are earmarked to compensate regions that have been polluted (Millock and Nauges, 2006).



sum transfer. The optimal pollution tax rates are determined only by the externality parameters
(Pigouvian taxation). It aims to charge a jurisdiction with the social cost of their consumption,
and its tax rate is thus increasing in the damage it causes on its neighbor.

We then turn our attention to Cobb-Douglas preferences, which allows us to completely de-
scribe the equilibrium. A striking result is that the optimal lump-sum transfer does not depend
on preference parameters, something that is not true for arbitrary preferences. This is a major
advantage. In an imperfect information version of the game where the preferences of the juris-
dictions would be private information, strategy-proofness would follow immediately: jurisdictions
would have no incentives to misreport their preferences and, in fact, the federation does not even
need to know them.

We find that the optimal transfer is affected by each region’s endowment of nature and the
degree of environmental damage spillovers. Lump-sum transfers in our economy play a redistrib-
utive role and are larger the higher is the difference in the nature endowment of the regions. The
lump-sum transfer of units of consumption is conceptually equivalent to the (unfeasible) transfer
of units of nature from one region to another. If regions were homogenous with respect to their
production damage spillover, it would be optimal to transfer resources in a lump-sum manner from
the high nature endowment region to the region with the low nature endowment. Interestingly, as
preferences do not affect optimal policies, the fact that a region prefers consumption or nature has
no impact on its chance to pay or receive the lump-sum transfer. If the jurisdictions have different
externality rates, the planner adjusts the stock of nature for these externality parameters before
transferring consumption from the region with the large adjusted stock of nature to its neighbor.
If both regions have the same adjusted stock of nature, the optimal transfer is zero, as the planner
has no redistributive concerns to make transfers.

Recently, environmental awareness has reignited the debate about alternative policies to reduce
environmentally damaging activities. Science and the economics related to pollution control have
advanced to the point where regulations can now move from cost effectiveness to efficiency (Muller
and Mendelsohn, 2009). Environmental damage can be viewed as an externality problem, which

potentially calls for public intervention to limit harmful emissions (Jones, Keen and Strand, 2013).



There is an extensive literature dedicated to alternative policies, for instance, carbon taxation,
cap-and-trade, tradable permits, and regulations related to pollution control (Montgomery 1972;
Tietenberg 1980; Baumol and Oates 1988). However, the administrative implications of such
measures differ markedly.? Muller and Mendelsohn (2009) argue that environmental policy could
be designed to account for how the degree of environmental damage and spillovers (pollution
externalities) varies across space. Moreover, the real world is very heterogeneous with respect to
natural resources endowments, environmental consciousness and in the way agents are willing to
trade consumption for improved environmental quality. Knowing about such information can be,
in practice, a major hurdle for regulators and policymakers. And, households are not burdened
equally by different policy interventions. For instance, the most-cited distributional effects of
environmental policies are intergenerational transfers or transfers between different categories of
residents inside the same country (Daubanes and Grimaud, 2010).

The inefficiency of decentralized policymaking has long been established as the norm in the-
oretical public and environmental economics literature on production efficiency in the face of
externalities (Pigou, 1920; Samuelson, 1954). However, Ogawa and Wildasin (2009) find that in
a model with heterogeneous jurisdictions and interjurisdictional environmental damage spillovers,
such as CO, emissions that affect the global environment, decentralized policymaking leads to
efficient resource allocation, even in the complete absence of corrective interventions by higher-
level governments or coordination of policy. They show that decentralized policymaking can still
result in globally efficient allocations, even when preferences and production technologies differ
among jurisdictions and governments have information and care only about local environmental
impacts. Fell and Kaffine (2014) argue that Ogawa and Wildasin (2009)’s result hinges on the fact
that in their model, there is a fixed sum of environmental damages across jurisdictions, and their
central result breaks down if the model is modified in ways that make the environmental damage

endogenous. Even though in our model the total environmental damage is affected by the policy

2Implementing cap-and-trade, for example, requires new functions including determining baselines, allocating
emissions rights, and verifying and enforcing compliance. It also raises a novel set of tax issues, many with complex
international aspects. Implementing an emissions tax, by contrast, may often seem easier as systems of indirect tax
collection, already in place in most countries, can be harnessed. In the context of a large and small open economies,
Siddiqui (2015) studies two protection polices, i.e., border tax adjustment and free emissions allocations to emission
intensive and trade exposed industries.



choices, the decentralized outcome is still efficient.

There is also a substantial theoretical literature on the effect of externalities on public policies
in the study of second-best environmental taxation (de Mooij, 2000; Schwartz and Repetto, 2000;
Williams, 2003). These studies uniformly agree that the substitution patterns between the exter-
nality, market goods, and labor may be important determinants of the excess burden of a new
regulation. Our proposed model has no labor supply or government spending, so these effects are
not present. Still, we believe that the main message of our paper would carry over: the combined
use of pollution tax and lump-sum transfer generates significant gains of efficiency. We provide, in
our setup, examples where, notably, our proposed policy is simpler and easier to implement than
a simple pollution tax. For individuals’ labor supply decisions under environmental regulations
see, for instance, Williams (2002).

There are related papers that analyze environmental taxation policies when agents are hetero-
geneous in several dimensions. Daubanes and Grimaud (2010) address the taxation of a polluting
non-renewable resource in an international, heterogeneous framework, although there are no het-
erogeneity relative to the environmental concern. They find that even if heterogeneous countries
coordinate their taxation policies to correct the global environmental problem, their divergent
strategic interests cause another global, non-environmental distortion in the allocation of the
resource. Lundin (2001) considers a three-dimensional (earnings ability, household size, and ge-
ographical residence of households) tax reforms and shows that a carbon dioxide (COs) tax falls
more heavily on households characterized by a low level of total expenditures, households with
many members and households with limited access to public transport. And, Berliant, Peng and
Wang (2014) study a model with two locations and two industries (clean and dirty) where pollution
is a by-product of dirty good manufacturing. Their main result implies that taxing pollution with
a fixed component independent of dirty good output can cause firm agglomeration. Their fixed
cost component of the pollution tax is conceptually very close to our lump-sum transfers. While
we do not allow agents to move across jurisdictions, we obtain that pollution (and production)
will be concentrated in the regions that do not value nature as highly.

The paper proceeds as follows. Section 2 presents a simple general-equilibrium model that



incorporates a household consumption decision along with a pollution externality. We consider two
governmental policies: lump-sum transfers and a tax on pollution. We study first-best efficiency
and the decentralized problems, solving analytically for the optimal policy instruments. In Section
3, we study the case with Cobb-Douglas preferences, present and discuss comparative statics and
finally we conduct several numerical exercises to illustrate our main results and to explore further
the relationship between preferences for environmental quality and government policies. Section

4 offers concluding comments and discussion.

2 Preferences for Nature Quality and Optimal Policy

2.1 The Economy

We consider an economy where two jurisdictions ¢ = 1, 2 are inhabited by a large number of agents
with identical preferences. For convenience we define all variables in per capita terms and consider
the case of a constant population. Each region is endowed with an initial environment of quality
N;. That stock of nature is then reduced by environmental damages (i.e., pollution) e;, which is
linked to production: each unit of output produced in jurisdiction ¢, labelled as Y;, results in «
units of environmental damage there. We normalize o = 1. In addition, production in jurisdiction
1 has a negative externality, i.e., an atmospheric externality, and causes environmental damage in
the other jurisdiction. That is, there are environmental spillovers. The degree of environmental
damage spillovers from the other jurisdiction is captured by a region specific parameter 3; € [0, 1],

so that the environmental damage experienced by region i is given by
(i =Yi+ B, (1

In our economy, if 3, is positive, local economic activity (as represented by the level of pro-
duction, Y;) causes damage not only to the local environment but in other jurisdictions as well; a
low value of 3, means that these environmental spillovers are small. Oates and Schwab (1988) as-

sume no interjurisdictional environmental spillovers and environmental quality in any jurisdiction



depends only on local economic activity, i.e., 3; = 0 in equation (1). The analysis of Ogawa and
Wildasin (2009) and Fell and Kaffine (2014) are restricted to the case 8, = 5, = . The upper
limit of 3, = 1 corresponds to complete or perfect spillovers, where a unit of output produced in
jurisdiction ¢ does just as much damage elsewhere as it does locally.

To calculate the cumulative level of environmental damage, we sum across all jurisdictions:

2 2

Z €; = Z(l + ﬁz)Y% (2)

i=1 =1

We do not assume that the sum of the environmental damage is equal to an exogenous constant. In
such a case, the planner (e.g., regulator) can only shift environmental damages across jurisdictions,
but not reduce aggregate damages. We, hence, depart from Ogawa and Wildason (2009) by
allowing the planner to choose (indirectly) the optimal level of environmental damage in each
region. The planner can choose from a vast menu of consumption-nature quality allocations.
And, its choice is also affected by the heterogeneity of the regions with respect to their preferences
for environmental quality and consumption.

The utility function of the representative agent residing in jurisdiction ¢ is denoted as u;(c;, n;),
where ¢; is the agent’s consumption of a private good in jurisdiction i, n; = N; — e; denotes nature
quality enjoyed locally, and 0 < 6; < 1 represents the weight put on consumption by the resident in
jurisdiction i. We make the usual assumptions on utility functions (differentiable, increasing and
strictly quasi-concave functions). We allow for agents in different jurisdictions to have different
preferences for nature versus consumption. To make sure that jurisdictions put at least some value,
as minimal as it might be, on consumption and nature, 6; cannot be equal to 0 or 1. Without
loss of generality, we suppose that 6; > 65, meaning that agents in region 2 care at least as much

about nature than agents in jurisdiction 1.

2.2 First-best efficiency

Consider a federation where the central government cares equally about agents in both regions

and can directly choose production and consumption in both jurisdictions, with the constraint



that ¢; + ¢ < Y] +Y5. Using the fact that n; = N; = Y; — ﬂij, we reexpress the problem in terms
of consumption and nature levels, ¢; and n;. Hence, the planner chooses a first-best allocation by

solving the following problem:
2

max Z w; (ciymy;)

{c1,c2,n1,m2} £
i=1

under the constraint that

(N1 —n1)(1 = By) + (N2 —na)(1 = 3y)
1 — /3,0,

Cl+62§

. (3)

From the first order conditions of this problem we obtain the following conditions for first-best

efficiency:

Ouy (01, nl) _ 5“2(Cz> n2> (4)
801 802
ouy (01, nl) 8u2(02, nz)
anl (1 _62) 8712 (]' _Bl) (5)
duy(c1,n1) _ Ouy(c1,m1) Auy(cz, m2)
861 n anl * 51 8n2 (6)

Condition (4) and (5) impose that the marginal utilities for consumption and nature, respectively,
are equalized across regions. According to condition (6), the marginal utility for consumption
should be equal to the marginal disutility created by the additional pollution it generates. The
feasibility constraint, equation (3), must hold with equality. From this system of equations, we

can find the first-best optimal allocations ¢}, ¢4, Y*, Y55, n} and nj.3

2.3 The decentralized problem

Jurisdictions play a game between themselves and with the government. The timing structure
of the game is as follows. First, the government announces the value of its policy instruments.
Second, with this information households in both jurisdictions determine their productions, which
cause externalities for both regions. Finally, given the decisions of the government and private

agents, consumption, nature level and welfare are determined. All the parameters (N;,0;, 3;)i=1.2

3We assume interior solutions throughout the paper.



are common knowledge. We solve the game by backward induction.

For each region i, t; is the lump-sum transfer households make to (or receive from) the central
government and p; is the pollution tax they pay on each unit of output region ¢ produces. We
assume throughout that 25:1 t; = 0, namely, region 1’s transfer always equals the negative of
region 2’s transfer. We also assume that revenue collected with the pollution tax in region i is
transferred to households in region j.

When the central government can make lump-sum transfers and levy a pollution tax, house-

holds in jurisdiction ¢ face the the following budget constraint
¢ = Yi(1 —p;) — ti + p;Y; (7)
Hence, region ¢’s household problem is:

max u; (Yi(l = pi) — ti + 0¥, N = Y; = B;Yj) (8)

Before solving these problems, we examine how the two policies can affect the behaviors of our
agents. The pollution tax is well understood: it increases the cost of production towards its social
cost. The lump-sum transfer also affects decisions: if a region has to pay a lump-sum amount, it
increases its cost to consume the same amount as before, as it will need more production to keep the
consumption constant, and thus creating more pollution. On the other hand, if a region receives
a transfer, it will decrease the cost of production, which will induce the region to consume more.
The lump-sum transfer of ¢ units of consumption from jurisdiction ¢ to region j is conceptually
equivalent to the (unfeasible) transfer of ¢ units of nature from one region to another.

The first-order condition of the region ¢’s household is:

aui (Ci s TLI)
8ci

(- py - 2] )



At the first-best optimal allocations, equation (9), imply:

8ui(c>‘k7 n*)/aci 1
K] (2 — 1
Suslcr, ) jom - (= po) (10)
which combined with equation (6), we have:
1 14 Biauj(c;f, n})/oc; 1)
(1—p) Auy(cr,n?) /o

The above equation together with equation (5), and after some manipulation, implies that the
optimal pollution tax in jurisdiction 7 is not affected by the households preferences for consumption

and nature:
. B =8;)
Pi=—T—77" (12)
1—B:B;
Interestingly, the optimal pollution tax is determined only by the (atmospheric) externality pa-
rameters (3, 35). The pollution tax pf aims to charge jurisdiction ¢ with the social cost of their
consumption, and it is thus increasing in ; and decreasing in f3;.

Using the region i’s household budget constraint, expression (7), in terms of n; and n;, as well

as the optimal pollution tax rate (12), we obtain

= (1= 1) — . (13)

Although for the general case we can not find a more specific expression for the optimal
lump-sum transfer, we show in the next section that for standard Cobb-Douglas preferences such
transfers are not affected by the households preferences for consumption and nature (similarly
to the optimal pollution tax rates), but are determined by the endowments of nature and the
externality parameters.

The final condition for first-best efficiency, the feasibility condition (3), is satisfied by definition
of our policies. Hence (t*, pf, p5) is a first-best policy. It is obtainable in a decentralized manner

as it solves the first-order conditions for problem (8).
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3 A special case: Cobb-Douglas preferences

For further analysis, we need more specific preferences to be able to solve for the optimal value of
the lump-sum transfers as well as the equilibrium levels for consumption, nature and welfare. We

use Cobb-Douglas preferences.

3.1 Optimal Environmental Taxation

For the purpose of this section, we assume that the utility function of the representative agent

residing in jurisdiction ¢ is denoted as

Using directly equations (4), (5) and (6) yields the optimal levels of consumptions and nature:

0; (N;(1— (1=
( )
1—46; B;) + N; ,
( - 5)
These expressions with (13) allow us to obtain the optimal lump-sum transfer as follows:
Ny — Ny) — N N.
o (N 2) 181 + Nofy (17)

2(1 = B132)

Replacing for these optimal values, we obtain the following expression for the welfare in each

jurisdiction:

0:1n(6;) + (1 — 0;) In (1 — 6;) + In (Ni(1 = 8,) + N;(1 - 5;))
—In(2) = 0;In(1 - 3,8;) — (1 = 6;) In(1 - 3,)

*

The most striking result from expressions (12) and (17) is that the optimal pollution tax rates
and the optimal lump-sum transfer are not affected by the households preferences for consumption

and nature when preferences are Cobb-Douglas, as in equation (14). In this case, the substitution
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and income effects are of the same magnitude. This is not true for all utility functions. We
present an example in the Appendix A.1 to show that optimal pollution taxes are determined by
externality parameters only (as shown in Section 2.3), while the optimal lump-sum transfer does
depend on regions’ preferences for consumption versus nature.

When preferences are Cobb-Douglas, the jurisdictions’ ex-ante heterogeneity with respect to
environmental quality and consumption does not affect the design of optimal policies. In an
imperfect information version of the game where the preferences of the jurisdictions would be
private information, jurisdictions would have no incentives to misreport their preferences and, in
fact, the federation does not even need to know them. We thus obtain strategy-proofness.

The optimal transfer t* is affected by each region endowment of nature (Nj, N2) and the
degree of environmental damage spillovers (3, 3,). Lump-sum transfers in our economy play
a redistributive role and are larger the higher is the difference in the nature endowment of the
regions. The planner compares adjusted stocks of nature N;(1—/;) and No(1—/3,) and the transfer
goes from the region with the largest adjusted stock of nature to its neighbor. The magnitude of
this transfer depends on both the difference in adjusted stocks of nature and on the externality
parameters.

If regions are homogenous with respect to their production damage spillover, i.e., 8, = 5 = 3,
it would be optimal to transfer resources in a lump-sum manner from the high nature endow-
ment region to the region with low nature endowment. The optimal transfer in this case is
(N1 — N3) /(2(1 + B)). Notice that the region that receives the transfer is not necessarily the
jurisdiction that prefers more consumption or nature, as preferences do not affect optimal policies.
As long as the environmental damage experienced by both regions is affected in the same way by

their neighbors’ production, that is, same (3, the optimal pollution tax rate is equal to 8/ (1 4 ().

3.2 Comparative Statics

We now discuss how the optimal policies depend on the initial stocks of nature and damage
spillovers. The optimal lump-sum transfer, equation (17), is affected by a region’s initial endow-

ment of nature (V;) and its externality parameter [, in opposite directions. For instance, a higher
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stock of nature in region 1 increases the lump-sum transfer, meaning that jurisdiction 1 will either
transfer more resources to or it will receive less from region 2 (the sign of the transfer being deter-
mined by the difference in the adjusted nature endowment of the regions). On the other hand, if
the degree of environmental damage spillovers from jurisdiction 1 (3,) increases, the weighted na-
ture stock available for redistribution decreases, and consequently, the optimal transfer decreases.
Regarding the optimal pollution tax, equation (12), the effect of the externalities parameters on
this policy is straightforward since a pollution tax is intended to correct for the pollution (exter-
nality) that affects nature quality across jurisdictions. The pollution tax p} levied on jurisdiction
i’s households is (i) increasing on f3;, the environmental damage its production inflicts on region
J’s households, and (i7) decreasing on the negative externality generated by its neighbor (f3;).
Finally, our results suggest that the planner tends to distribute the burden of policy interventions
across jurisdictions. For instance, a high pollution tax levied on jurisdiction 1, due to an increase
in this region’s externalities (increase in 3,), is compensated by a lower lump-sum transfer - either
meaning that jurisdiction 1’s transfers to region 2 is smaller or that region 1 receives more in a
lump-sum manner from region 2.

Optimal allocations and welfare are increasing in the initial endowment of nature in both re-
gions. The more region i’s households prefer consumption wvis-a-vis nature (;) the more they
consume (¢;), while nature quality enjoyed in jurisdiction i is decreasing in 6;. Preferences of
region j’s households (6;) do not affect optimal allocations - and thus welfare - of jurisdiction ¢’s
households. The effects of the degrees of environmental damage spillovers 3; and 3, on consump-
tion ¢; are unclear and depend on the signs of (N; — 8;N;) and (N;3; — Nj), respectively. The
environmental quality households in jurisdiction 4 enjoy (n;) is affected by §; and 3, in the same
way as the pollution tax p; paid by them. That is, n; is increasing on 3,, the environmental dam-
age its production inflicts on region j’s households, and it is decreasing on the negative externality
generated by its neighbor (;). The intuition for this result is as follows. If 3; goes up it increases
the pollution tax levied on jurisdiction 7’s households, discouraging production in that region. By
producing less, region i creates less pollution and harm its own nature less. The net effect is an

increase of environmental quality enjoyed by jurisdiction ¢’s households (n;). Regarding the effect
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of 3;, the same intuition applies but in opposite direction.

These results can be verified by the following expressions:

o5 = S <0 N = Faoa 0 o =+ > 0

B =t >0 B = >0 ;= gy >0

B =+1-5) >0 oo =+ >0 G = L) <
2= —(1-By) <0 G =0 5 =0

= oy e e e R =t

3.3 Numerical Exercise

In this section we illustrate the relationship among preferences for consumption versus nature,
pollution externality and government policies numerically. For the purpose of this exercise, our
baseline values for region’s 1 stock of nature, preference for consumption and pollution externality
are Ny = 8, #; = 0.8 and (3; = 0.5, respectively. These values are meant to resemble a federation
where jurisdiction 1 has a relatively high preference for consumption. Table 1 presents consump-
tion, nature quality and welfare in jurisdictions 1 and 2, the federation’s welfare in the presence of
lump-sum transfers and pollution taxation. For the purpose of comparison, in the discussion that
follows we also present the case of no policy intervention, i.e., no lump-sum transfers or taxes.
For all cases, the federation’s welfare is higher under a lump-sum transfer and a pollution tax (7')
than under no intervention (N). The magnitude of both policies and the recipient of the lump-sum
transfer will depend on the combination of the initial endowment of nature and the externality
parameters.

Our numerical exercise confirms that the optimal lump-sum transfer and pollution taxes do not
depend on preferences for consumption and nature. When the degree of environmental damage
spillovers is the same in both regions (5; = 8, = 0.5) and regions are symmetric with respect
to their preferences for consumption versus nature quality (#; = 0, = 0.8) the planner equalizes

consumption and nature across jurisdictions, regardless of the levels of nature endowment. How-
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ever, if regions are different regarding their taste for consumption and nature, it is optimal to
specialize and give households relatively more of the element they enjoy the most. For instance,
consider the case where region 2’s households have higher initial endowment of nature (N, = 10)
and prefer more nature relative to consumption (6 = 0.6). In that case, households in this region
will experience a better quality of nature (ny = 3.60 versus n; = 1.80), but agents in jurisdiction
1 will consume more of the good produced (¢; = 4.80 versus c¢s = 3.60). Interestingly, transfers
will be from the region with the higher initial endowment of nature to the one with the lower one,
as such policy has a redistributive role. On the other hand, in accordance with equation (12),
pollution tax rates are not affected by the stock of nature. Since both regions harm their neighbor
equally, they both pay (and receive) the same pollution tax rates.

Table 1 also illustrates the case where regions are heterogeneous regarding the degree of en-
vironmental damage spillovers. In particular, the negative externality of region 1 on region 2’s
environment is larger (8, = 0.5; f, = 0.3). Pollution taxation in our economy plays the role
of correcting for the negative externality and environmental damage and, hence, in the spirit of
Pigouvian taxation, households in jurisdiction 1 pay a higher pollution tax than those in juris-
diction 2. From equation (17), the degree of environmental damage spillovers weights the stock
of nature of both regions. As 3, decreases from 0.5 to 0.3, for all other parameters constant, the
lump-sum transfer increases as now there is more nature in region 2 to be redistributed, No(1—f,).
The case Ny = 6 and [, = 0.3 is quite illustrative of the effect of both N, and 3, on the magni-
tude and sign of lump-sum transfer. Even though we have N; > N5, the lump-sum transfer is still
from region 2 to region 1, as the adjusted stocks of nature are Ny(1 — ;) = 8(1 — 0.5) = 4 and
No(1—3,) =6(1 —0.3) =4.2.
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Table 1 - Allocations, Welfare and Optimal Policies
Baseline: Ny =8; 60, =08 and 5, =0.5

Ny =10 Ny =6
N T N T N T N T
c1 4.54 4.80 3.81 4.80 0.64 3.73 5.33 3.73
co  4.63 3.60 6.48 4.80 1.91 2.80 2.67 3.73
ny  1.14 1.80 0.95 1.80 1.41 1.40 1.33 1.40
ne  3.09 3.60 1.62 1.80 1.27 2.80 0.67 1.40
By =05 W; 1.24 1.37 1.06 1.37 1.45 1.12 1.40 1.12
Wy  1.37 1.28 1.59 1.37 0.48 1.03 0.70 1.12
Wr 261 2.65 2.65 2.74 1.93 2.15 2.10 2.24
t* — —0.67 — —0.67 — 0.67 — 0.67
p* — 0.33 — 0.33 — 0.33 0.33
c1 5.34 0.18 4.96 5.18 2.97 3.86 0.81 3.86
Ca 4.40 3.88 6.02 5.18 1.81 2.89 2.48 3.86
ny 1.34 2.20 1.24 2.20 1.49 1.64 1.45 1.64
ne  2.93 3.14 1.50 1.57 1.21 2.34 0.62 1.17
By =03 W; 1.40 1.47 1.32 1.47 1.51 1.18 1.48 1.18
Wy  1.32 1.27 1.52 1.41 0.43 0.98 0.63 1.11
Wg 272 2.74 2.84 2.88 1.94 2.16 2.11 2.29
t* — —1.76 — —1.76 —0.12 - —0.12
p* — (041,0.18) —  (0.41,0.18) (0.41,0.18)  —  (0.41,0.18)

N: no intervention; T: transfer and pollution tax; Optimal policies: t*, p*
¢, n;, W;: consumption, nature and welfare region 7.

We also investigate the impact of a lower preference for consumption in jurisdiction 1 on both
regions’ optimal allocations, optimal policies and welfare, as well as on the federation’s welfare.
Consider an alternative economy, where we keep the stock of nature and the pollution externality
as in our baseline economy (N; = 8 and 3, = 0.5, respectively), but assume a higher value for
region’s 1 preference for nature (#; = 0.6). Table A.1 in the Appendix presents consumption,
nature quality and welfare in jurisdictions 1 and 2, the federation’s welfare for alternative policy
instruments. As shown by expressions (12) and (17), optimal pollution tax rate and the optimal
lump-sum transfer are not affected by the households preferences for consumption and nature.

Finally, we study numerically the implications of constraining the planner to use only one
instrument, i.e., either a lump-sum transfer or a pollution tax. While each of these instruments
can be used to solve respectively the problems of efficient consumption and efficient production,
problems do occur when one of these instruments is used to solve both problems at once. Table 2

presents consumption, nature quality and welfare for the cases of no intervention, our optimal dual
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use of lump-sum transfers and pollution tax, as well as both lump-sum transfers and pollution
taxation used independently. The welfare of the federation when the government makes a lump-
sum transfer and levies a pollution tax ( T') is the highest, followed by a pollution tax (P), lump-sum
transfers (L), and no intervention (N). If the government can only use one instrument, the optimal
policy is affected by all three heterogeneity dimensions present in our economy, i.e., households
preferences for consumption versus nature quality, initial endowment of nature and degree of
environmental damage spillovers. In the case of transfers only, jurisdiction 1 will still receive
resources from region 2, as it has a smaller stock of nature (V; = 8 < 10 = N,). However, as the
preference for nature of households in region 2 increases relative to those in jurisdiction 1 (62 = 0.6
versus f; = 0.8), transfers to jurisdiction 1 increases (t* = —0.43 from ¢t* = —0.94), although they
are smaller then under transfer and pollution tax together.

Our results for the case in which the planner is constrained to used only a pollution tax to
control environmental damage illustrate potential (political) hurdles associated with the imple-
mentation of such policy. Contrarily to our baseline case (two policy instruments), when pollution
tax is the only instrument available, jurisdiction 2 - the region that prefers relatively more nature
quality (02 < 61), has the lower externality parameter (5, < ;) and is endowed with more nature
(N2 > Nj) - pays a higher pollution tax rate than region 1 and than what it would pay under a

system that uses transfer and pollution tax together.
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Table 2 - Allocations, Welfare and Optimal Policies
Baseline: Ny =8, N, =10; 6, =0.8, 8; = 0.5 and 8, = 0.3

92 = 06 02 = 08

N T L P N T L P
c1 5.34 5.18 5.64 5.42 4.96 5.18 0.64 5.40
Co 4.40 3.88 4.18 3.80 6.02 5.18 0.37 5.06
ny 1.34 2.20 1.41 1.60 1.24 2.20 1.41 1.69
ne  2.93 3.14 2.78 3.38 1.50 1.57 1.34 1.81
Wy, 140 1.47 1.45 1.45 1.32 1.47 1.45 1.45
Wy  1.32 1.27 1.27 1.29 1.52 1.41 1.40 1.41
Wg 272 2.74 2.72 2.73 2.84 2.88 2.86 2.87
t* —1.76 —0.43 —1.76 —0.94
p* —  (0.41,0.18) (0.15,0.25) —  (0.41,0.18) (0.20, 0.30)
NT — —0.78 —0.43 —0.22 — —1.33 —-0.94 —0.87

N: no intervention; T': transfer and pollution tax; L: transfer only; P: tax only; Optimal policies: t*, p*
¢;, n;, Wi: consumption, nature and welfare region ¢. NI': net transfer.

4 Conclusions and Discussion

In our two-region federation model with pollution externality and heterogeneous preferences for
consumption and nature, we show that even with a decentralized policy we can obtain first-best
efficiency by choosing a combination of pollution tax and lump-sum transfers. The pollution tax
rates depend only on the externalities parameter. As the tax rates are intended to correct for
the externality, a region pays a higher tax rate if it generates more externality or if its neighbor
generates less.

The optimal lump-sum transfer can depend on preferences, but we show that with Cobb-
Douglas preferences, it is independent of preference parameters. In that case, the transfer goes
from the region with the largest adjusted stock of nature to its neighbor, and not necessarily to
the jurisdiction that prefers more consumption or nature.

Mathematically, it is no surprise that by widening the set of available policy instruments we
increase the efficiency. However, the gains to move from, say, a pollution tax only to a combination
of pollution tax and lump-sum transfer, are huge. Not only are we then able to achieve first-
best efficiency, but we also obtain relatively simple forms for the instruments themselves. And,
if the preferences are of the Cobb-Douglas form, optimal tax policy is independent of consumer

preferences. In a version of the game in which preferences are private information, we would obtain
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strategy-proofness for free: the central government does not even need to know these preferences.
We can then find the optimal values by obtaining values for parameters that are more readily
measurable objectively: the externality parameters and the initial stocks of nature.

A federation that can only use a single of these parameters will not be able to obtain first-best
efficiency. For example, it could obtain efficient but inefficient consumption levels by choosing
tax rates as in equation (12). Alternatively, as we have done in Table 2, the planner can increase
total welfare by choosing tax rates that try to correct, in a second-best manner, both the levels of
production and consumption. The optimal tax levels can only be obtained numerically, even with
Cobb-Douglas preferences, and depend on the preference parameters. As seen in Table 2, we can
also obtain some very counterintuitive tax rates such that, for instance, the region that generates
less externality per unit of output, prefers nature and has a larger initial stock of nature than its
neighbor can end up paying a higher tax rate. This however might not be viable politically.

The model can be extended in a number of ways, notably by complexifying the production
function or by giving a more active role to the central government. While mathematically, once
again, using the lump-sum transfer and pollution tax combo can only be more efficient than using
emission taxes only, it remains to be seen if the substantial gains that we obtain in our model
extend to more complicated cases. The analysis is complicated by the fact that it becomes much
harder to solve analytically as soon as we move away from a setup like ours. While the current
analysis has focused on efficiency, it would also be interesting to explore what is a fair allocation
in that context. In particular, how do we combine the desire of some regions to consume large
amounts with the rights of others to not get polluted? We leave these extensions for future

research.
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Appendix

A.1 Preferences and the optimal lump-sum transfer

If instead of a Cobb-Douglas utility function, equation (14), we assume preferences as follows:

the optimal pollution tax is not affected by the households preferences for consumption and nature,
as shown in Section (2.3) and repeated here for completeness - equation (12):

. B-5)
=T T88,

Following the steps of Section (2.2), we can show that for preferences such as in equation
(18), the optimal lump-sum transfer ¢ does depend on regions’ preferences for consumption versus
nature and it is as follows:

B1B2[(1 = 01) Ba— (1 = 02) By] + (N1 — Na + 261 — 265) B,

— (0151 + 625,) = (N1 = N2 = 1) (By + B5) + (N1 — Na)
(81 + B2 —2) (8152 — 1)

To make clear the effect of preferences on the optimal lump-sum transfer, we consider a special

case in which Ny = N = N and 3, = 8, = 5. We then can solve for the optimal lump-sum
transfer and we obtain the following expression:

B
21+ p)

(19)

t = (20)

t* (03 —04). (21)
The optimal lump-sum transfer is zero when both regions care equally about consumption, i.e.,
0o = 0,. From equation (21) we can also see that the more a region cares about consumption
vis-a-vis nature (#;) and vis-a-vis the other region’s weight on consumption (), this region gets
the transfer. For instance, if #; < 6, region 1’s residents receive the transfer (from region 2’s
residents).
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A.2 Lower preference for consumption in region 1

We modify our baseline economy by lowering #;, the parameter of relative preference of region 1
for consumption over nature, from 0.8 to 0.6. Table A.1 presents consumption, nature quality and
welfare in jurisdictions 1 and 2, the federation’s welfare under different policy regimes.

Table A.1 - Allocations, Welfare and Optimal Policies
Baseline: N; =8; 60, =0.6 and 5, =0.5

N2 - ].O NQ - 6
N T N T N T N T
c1 3.30 3.60 2.73 3.60 4.09 2.80 3.82 2.80
co  5.01 3.60 6.91 4.80 2.37 2.80 3.27 3.73
ny  2.20 3.60 1.82 3.60 2.73 2.80 2.55 2.80
ne  3.34 3.60 1.73 1.80 1.58 2.80 0.82 1.40
By =05 W; 1.03 1.28 0.84 1.28 1.25 1.03 1.18 1.03
Wy 1.45 1.28 1.66 1.37 0.70 1.03 0.91 1.12
Wpr 248 2.56 2.50 2.65 1.95 2.06 2.09 2.15
t* -0.67 -0.67 0.67 0.67
p* 0.33 0.33 0.33 0.33
c1 3.93 3.88 3.62 3.88 4.39 2.89 4.24 2.89
co  4.82 3.88 6.55 5.18 2.28 2.89 3.10 3.86
ny  2.62 4.40 2.41 4.40 2.93 3.28 2.83 3.28
ny  3.21 3.14 1.64 1.57 1.52 2.34 0.78 1.17
By =03 W; 1.21 1.41 1.12 1.41 1.32 1.11 1.28 1.11
Wy 141 1.27 1.60 1.41 0.66 0.98 0.86 1.11
Wgr  2.62 2.68 2.73 2.81 1.98 2.09 2.14 2.22
t* -1.76 -1.76 -0.12 -0.12
P (0.41, 0.18) (0.41, 0.18) (0.41, 0.18) (0.41, 0.18)

N: no intervention; T: transfer and pollution tax; Optimal policies: t*, p*

¢, n;, W;: consumption, nature and welfare region 7.
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