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Abstract

We look at the interacting effect of national resource taxes and a global
permit scheme and its implications for welfare and rent distributions. Us-
ing a two country optimal growth model integrating both a non-renewable
resource and pollution we characterize the optimal policies and study their
implications. First, we analyze the distributional implications of different
policies which crucially depend on the interaction of taxes and permits.
We then look at the case where nationally different taxes on resource con-
sumption are in place and study the optimal pollution permit system. The
results suggest that a global permit trading scheme is not optimal in the
presence of highly varying national resource taxes. While an international
permit trading system (like the International Emissions Trading (IET) in-
cluded in the Kyoto protocol) makes perfectly sense for a region with more
homogenized taxes like in Europe, it leads to a distortion when it includes
countries with very different resource (e.g., fuel) taxes.
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1. Introduction

The aim of this paper is to shed some light on the interaction between taxes on
resource usage and permits for pollution. Since in many cases, there is a direct,
linear relationship between the amount of resource consumed and the pollution
from combustion, one should expect a strong relationship between the fiscal instru-
ments like taxes on resource consumption and measures to reduce pollution (for
instance, pollution permits). Moreover, since the pollution is a global problem,
measures to combat e.g., climate change are frequently considered on a suprana-
tional level. The Kyoto protocol, but also the European trading System (ETS)
for CO4 permits are examples. These schemes imply that the price for pollution
is equal amongst the participating countries. On the other hand, there exist wide
differences in environmental policies (Ekins and Barker 2001, 349). One exam-
ple are the strongly differing taxes on different fossil fuels. (see, e.g., figure 1').
Notably, the European Union is at least trying to reduce the wide differences,
since it introduced a Directive in 2003, which aims at widening the scope of the
EU’s minimum taxation system from mineral oils to all energy products including
coal, natural gas and electricity (European Union 2003).While taxes on fossil fuels
could be regarded as simple commodity taxes, they are frequently also expected to
pursue environmental goals like reducing the emissions from combustion. As such,
they can be regarded as complementary to other measures to reduce emissions,
like permit trading schemes or emission taxes.

This paper addresses the particular issue of environmental regulation in an
international setting where two different instruments are used to combat pollu-
tion from non-renewable resources like oil or gas. It is probably most clear (and
certainly most relevant) to understand it in the case of taxing fossil fuels (e.g.,
for power generation or transportation) and supranational COy permit trading
systems. We also take into account the case where permit trading schemes are
implemented on the national level. By now, nationwide systems for trading CO,
have been implemented in the United Kingdom, Denmark, Norway, and Swe-
den (Kitamori 2002) but are being considered in several other countries including
Japan?. While such systems are often regarded as being particularly compati-
ble with the requirements of the Kyoto protocol, we find that they can be even

ncluding because of different modalities of taxation etc., international comparable data
availability on the taxation of fossil fuels is lacking, which is why we choose the special case of
Light Fuel Oil for industrial uses since we focus on firms.

2International Emissions Trading Association’s website (www.ieta.org)
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Figure 1: Percentage of Taxes in Light Fuel Oil Prices in Industry 2005 (IEA
2006, 303 and IEA 1998, 291)

preferable over an international permit trading scheme such as the International
Emissions Trading (IET) proposed in article 17 of the Kyoto protocol.

We integrate both pollution and an exhaustible resource into an optimal growth
model with two countries. In this setting, a system of both national (possibly dif-
ferent) taxes and global pollution permits is considered. This realistic combination
of the two instruments is analyzed. In particular, we focus on the optimal permit
system given existing taxes as 'in most cases, energy or carbon taxes pre-exist
before introduction of (...) GHG emissions trading’ (Kitamori 2002, 95).

This paper is organized as follows: In chapter two, the underlying literature is
explored. Chapter three presents the basic model and describes both the optimal
solution and the equilibria using either taxes or a permit scheme. The implications
of a mixed policy under different assumptions are studied in chapter four. The
findings are summarized in chapter five.



2. Literature review

While the theory of economic growth emphasized the role of capital accumulation
and technological progress since the 60ies, the importance of natural resources has
also been taken into consideration at an early stage. Their implications for long-
run growth have been studied starting with Dasgupta and Heal (1979), Stiglitz
(1974), and Garg and Sweeney (1978). It became evident that long-run growth
can indeed be possible even with an exhaustible resource; however, this imposes
some conditions on the possible technologies and specifications of the model. An
important question for economic growth is, whether the resource is considered
as being ’essential’ for production. As Dasgupta and Heal (1979) point out, one
pivotal factor is the elasticity of substitution between physical capital and the
resource. If this elasticity is below unity, output will finally tend towards zero
as the resource is being exhausted. If, on the other hand, it is greater than one,
a consumption level strictly greater than zero can be sustained forever. For the
case where this elasticity is exactly equal to one (which is amongst others the
case for the widely used Cobb-Douglas production function), the answer whether
long-run growth is feasible depends on the relative input shares of capital and the
resource. If the share of capital is greater than that of the resource, a positive
consumption level is still possible given that output per unit of the natural resource
grows without bound and therefore economic activity does not cease even as the
resource is being asymptotically depleted. Additionally, technical progress plays
an important role since it increased the production possibilities even further. It
is therefore not unreasonable to assume that the resource is "inessential” in that
sense and therefore long-run growth is possible. In all these growth models with
a exhaustible resource, Hotelling’s (1931) famous rule was found to be the central
efficiency condition for resource depletion.

Another strand of the literature is related to the effects of polluting activities as
a by-product of production and its implications for welfare and economic growth.
Due to the different types of pollutants, one can distinguish them along several
lines. While some pollutants like SO, or ozone at the earth’s surface have a more
or less local impact, others affect the world as a whole, like CO5 and other green
house gases. Another distinction is the relevance of the regeneration capacity
which is highly important for the long-run evolvement of pollution. In the case of
global warming for instance, regeneration works only over very long time horizons
while it is far more relevant for other types of pollution like SO5. Thirdly, the
impact of a specific pollutant can accrue either from total accumulated ’stock’



of pollutant, i.e. the sum of all previous pollution, like the green house effect, or
from the actual flow of a certain period.?

Frequently, pollution is studied as an optimal control problem in order to
determine the effect on welfare (e.g., Dasgupta and Heal 1979). Based on this
type of analysis, instruments like standards, licenses, quotas, tradeable permits
or Pigouvian taxes are proposed to eliminate this negative externalities. Keeler
et al. (1971) were one of the first to study the effect of pollution in a Ramsey-
type growth model discussing under which conditions regulatory control policies
will be employed. Ploeg and Withagen (1991) analyzed several different types
of pollution specifications using similar optimal growth models and find that it
differently affects capital accumulation patterns. Stokey (1998) raises the question
whether sustainable growth is eventually possible with pollution. Jouvet et al.
(2005) study a similar problem in an overlapping generations model. With the
rise of endogenous growth models, these issues have been incorporated into those
kinds of models. For instance, Grimaud (1999) studies pollution at the market
equilibrium of a Aghion Howitt type model. One common result is that corrective
measures such as taxes or pollution permits affect the interest rate such that
production (and hence pollution) is postponed to some extent.

So far, we have discussed issues of pollution and non-renewable resources sep-
arately. But since one of the most important natural resources, namely fossil
fuels, are directly related to pollution when they are eventually burned, it seems
reasonable to consider the two problems jointly. This is particularly interesting
since in practice, taxes on the use of fossil fuels are frequently used in order to re-
duce the emission of pollutants and are therefore not primarily commodity taxes
but environmental regulation policies. Forster (1980) studied this joint effects
and concluded that resource depletion should be delayed in the presence of pol-
lution accruing from energy production from fossil fuels. Krautkraemer (1985)
showed in a similar model where he assumes that the stock of resource has some
amenity value (which is formally equivalent to saying that the resource burned
so far acts like a stock of pollution), that extraction should be reduced. Sinclair
(1992, 1994) and Ulph and Ulph (1994) discuss these issues jointly in Solow type
growth models. One result is that the optimal resource tax that can implement
the social optimum must be decreasing over time. Moreover, they confirm the
finding of Dasgupta and Heal (1979) that the level of this tax does not matter

3Note that even though the recommendations fo the IPCC reports and also the Kyoto protocol
are formulated in terms of a flow of pollutants, its criterion is the stock of greenhouse gasses in
the athmosphere measured in parts per million (ppm).



at all given the fixed supply of the resource. Instead it is only the timely profile
that shapes the extraction path. More advanced endogenous growth models are
used discussed in Grimaud and Rougé (2005) and Schou (2002). While the latter
finds that no instrument is needed to correct for the effect of pollution (due to the
fact that the Hotelling rule already implies an increasing price of the resource),
the former finds a (over time) decreasing Pigouvian tax. Generally, the famous
Hotelling rule becomes in the presence of pollution more elaborate since it now
has to take into account the environmental degradation. Hence, it is not a pure
efficiency rule anymore but a condition for optimality.

Besides this literature on resources, pollution, economic growth and the opti-
mal policies, there has been a long discussion on different environmental instru-
ments, their interaction and analyses in second-best settings. In this paper we
focus on taxes and pollution permits. These instruments are generally regarded
as more efficient in economic terms than command and control measures since
they imply a ’price’ for pollution or the resource respectively.*

While permits and taxes are equivalent in a world of certainty, there is a strand
of literature discussing the respective advantages in settings with uncertainty (see
Weitzman 1974) for the general discussion and Ekins and Barker (2001) for the
specific case of CO, emission regulation). However, in this paper we do not
consider uncertainty:.

When it comes to the implementation in a world with already existing taxes,
there is a huge literature on the effects of environmental regulation. Bovenberg
and de Mooij (1994), Goulder (1995), or Bennear and Stavins (2006) show that
when there are distortionary (labor) taxes in place, environmental taxes create
distortions since they interact with other taxes. As one result, the optimal en-
vironmental tax in a second-best world is lower than the first best (=Pigouvian)
solution. This tax interaction affect contradicts the so-called revenue recycling
effect which stems from the fact that the revenue generated from environmen-
tal taxes can be used to reduce other distortionary taxes. The gross impact of
these two contrary effects has been labeled the ’double dividend’ of environmental
taxation and can increase the positive impact on welfare over the pure effect of
correcting for the negative externality of pollution.

In this paper, we are interested in the simultaneous usage of two different envi-

4Obviously, there is a huge difference between taxes on resources like fossil fuels and taxes on
pollution like carbon taxes. However, for the following, we abstract from different technologies of
production. Therefore, a pollution tax is equivalent to a resource tax since pollution is typically
proportional to the amount of resource burnt.



ronmental instruments. Those two instruments can function either as substitutes
or complements. First, they can be used as substitutes like a permit system with
penalties or trigger prices. It is argued that it is in general not environmentally
effective "to kill one bird with two stones” (OECD 2003, 10). However, Roberts
and Spence (1976) showed that a mix of two instruments can do better than one
single instrument in an uncertain environment. Pizer (2002) shows that a hybrid
system of taxes and permits that are substitutes is doing better than a pure per-
mit system. Second, when the two instruments are complementary, they are both
simultaneously relevant for the agents. While this case reflects the original 'two
stones’ case, there are still advantages of such a system. For instance, it is argued
that e.g., carbon taxes can capture windfall gains that are created by a permit
system (OECD 2003).

For our purpose, the latter case is relevant where the two instruments are
complementary and we look at the case where these instruments are executed on
different tiers, on the national and global level. In this context, it is generally ar-
gued that 'applying an economic instrument across countries can achieve a given
emission reduction at lower cost than applying separate economic instruments
within countries, because of transnational equalization of the costs of abatement
which the common instrument achieves’ (Ekins and Barker 2001, 331). Accord-
ingly, simulations like in Barker (1999) show that common regulation is preferable
over unilateral regulation of pollution.® Since we have in mind mainly the case of
fossil fuels, empirically, we have significant taxes in place at the same time where
COg trading schemes are heralded. We thus take the two instruments as given.

When it comes to taxing a resource, one important issue arises from the fact
that the resource is a mobile factor of production. This can lead to horizontal
tax competition between countries, whereby countries try to attract the tax base..
The possible delocalization of polluting and resource consuming activities makes
it likely that countries act strategically (see e.g., Wildasin 1988). This is expected
to lead to lower-than-efficient taxes as it has been shown for the cases of capital
and commodity taxes. However, there is some important difference coming from
the fact that revenue generation is not the premier aim of environmental taxation.

In order to analyze the different and combined effects of the two instruments,
we first exhibit the optimal growth model. Thereafter, we study the different
policies and cases and its effects.

5Trivially, when the impact of pollution differs between countries, this might call for national
differing policies.



3. The model

The basic model is an optimal growth model with the two input factors labor L;
and the non-renewable resource R; in two countries, A and B, i.e., i = A, B.
Capital is omitted simply due to the fact that the model will be less tractable by
adding another state variable. The technology of the economy is given by a Cobb-
Douglas type production function so that the elasticity of substitution between
the two inputs is equal to one:

Yi = (AitLit)aRilfa- (1)

The labor supply is assumed to be constant over time while the technological
level A;; expressed as labor-augmenting technical progress grows exogenously with
the rate of z, i.e., Ay = ¢;A,e™. Allowing for different productivity ¢, in both
countries, ¢ 4 is normalized to one so that ¢ = ¢ stands for the technological level
of country B as compared to country A. In the following, we omit the subscripts
of time where it is clear in order to simplify the presentation.

The representative households in the two countries maximize intertemporal
utility accruing from consumption C; of the respective final goods and environ-
mental quality E. Following the literature, we specify the utility function as
being weakly separable between private consumption and environmental quality
and with a constant intertemporal elasticity of substitution equal to one so that
it can be written as

oo

Ui = /log(%E)‘)e_ptdt (2)
0 K3

where \ represents the relative weight of environmental quality. Note that at
this point we assume the relative weight of the environment to be equal for the
consumers in the two countries.

The stock of the resource at date zero, Sy, is known with certainty and the
equation of motion for the resource is described as

S=—(Ra+ Rp) (3)

The resource is depleted in finite time so that we have the following initial
condition:



/ (R + Rp)dt = So ()

The impact of resource usage on the environment is assumed to be linear
leading to the following equation of motion for the environment

E = —h(Ra+ Rp), (5)

where h denotes the flow of pollution generated by the combustion of one unit
of the resource. We therefore abstract from the regenerating capacity of the
environment. This might sound reasonable given that the regeneration effect is
only of minor importance. In the context of classical optimal control partial
equilibrium analyses, regeneration is usually included (see, e.g., Withagen 1994),
but it would not change the qualitative results.

3.1. Optimal Allocation

From a global point of view, the optimal growth path is derived from the following
optimization problem. The social planner maximizes the weighted sum of utilities
of the two countries A and B:

[e.9]

CA A\, —pt CB A\, —pt
L / wLalog(AENe ™ + (1 - w)Lplog(Z2EVe dt (6)
0

subject to the two equations of motion (3) and (5), and the global budget con-
straint C'y + Cg = Y4 + Yp. This problem with the four control variables and
two state variables £ and S has the following first order conditions (using the
present-value Hamiltonian):
wLAe’pti = ly (7)
Ca
1

(1 —w)Lpe " = py (8)

B

g — pg + oy (Age™ L) R(1 - a) = 0 (9)

—hptg — ps + py(Aoe™ L) Ry*(1 —a) =0 (10)

cuLA)\e*”tl + (1 — w)LB)\e"”tl = — (11)
E E P



0 = —fis (12)
From the first order conditions, we can compute the optimal allocation which is
characterized by the following proposition.

Proposition 1. The optimal path is described by the following conditions:

9va = 9vs = 9y = gca = 9oy = 9o (13)

9Rs = 9Rp = IR (14)

gy = ax+ (1 —a)gr (15)
Y R L

A_ A HA (16)

Yg Rp ¢Lp
AJE

_ _ 17

IR 1—a ” (17)
Cg/L 1—

B/ B _ w (18)
CA/LA w

These condition determine the optimal growth path along with the initial
conditions Ay, Sp, and Ey. The last FOC determines the distribution between the
two countries given the (arbitrary) weights of the social planner.

Generally speaking, it can be said that the economy will be governed by
the growth rates of £ and R which is determined on the one hand by the log-

differentiated version of (17), gr = —ﬁg'E, and the accumulation equation of
pollution £ = —hR, which can be rewritten as
9e = 98(9r — 9B)- (19)

From this condition, using the optimal rate of extraction gr, we find that the
growth rate of gg itself can be written as

9e _ g (L + 1) —p. (20)

g -«
This term is negative for the relevant trajectory (see below).% From the phase
diagram (Figure 2), we can analyze the dynamics of the system. It is governed by

6 Analytically, the optimal trajectory of the growth rate of the environment can be derived
by combining (17) and (19). This two equations yield a Riccatti differential equation gp =

—[(1—=a+X)/(1-a)]g%—pgE, which has the solution g, = [(1_Q+A)/(1_’;)]_Cl_p_ept. The starting

point of the system identifies C'1 €] — oo, 0[ since at time zero this implies gE = —p/(K —C1-p).

10



SR
\ Y
> g
r="7_8: P
l-a
_-r
SQ 1+ 1/(1-«)
—o s1|7”
SR SE

Figure 2: Phase diagram

the two equations (17) and (19). The dynamics are similar to the model studied
in Daubanes and Grimaud (2006). The straight line through the points SO and
S1 represents the condition from equation (17). The condition (19) tells us how
the growth rate of the environment changes if gg is either larger or smaller than
gr- The only steady state is the point SO, but it is not stable. The trajectory
at the left side from SO finally yields a gr greater than zero which implies that
the resource is depleted in finite time which will never be optimal. So the only
possible optimal trajectory is the one leading from SO to S1. It can be shown that
gr will asymptotically increase to zero while gr decreases over time with the limit
of —p. Note that this limit is just the steady state in a model without the pollution
externality. In the actual model, however, there is no steady state. The economy
is on a transition path up to infinity. Figure (3) depicts the evolvement of gg
which is a central variable for the following analysis. For 'good’ starting values,
it declines slowly at the beginning and approaches zero as t tends to infinity.
From the modified Hotelling rule (17) we see that the optimal growth rate of
resource extraction (which, of course, is negative) is larger due to the negative

11
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Figure 3: The optimal evolvement of the rate of change of the environment

effect of pollution (since gg is negative). In other words, extraction is postponed
to some extent. The lower level of extraction at the beginning necessarily implies
a higher (negative) growth rate of extraction. This higher growth in resource
extraction lead to higher output expansion at the beginning that ceases and finally
converges to the level without pollution. This implies that the growth rate is
higher than in the absence of pollution (see figure 4), while the initial level of
output is lower due to the postponed extraction.

To see under what conditions long-run growth is possible, we just use (15) and
the fact that gr will converge towards —p. We find that sustainable growth of
output is possible if the exogenous rate of technological progress is large enough:

11—«
T >

p (21)

Or put it the other way round, this condition just states that the input share
of the resource for production has to be low enough given the rate of technological
progress and the discount rate. It is similar to previous results (see, e.g., Dasgupta
and Heal (1979), Stiglitz (1974), or Garg and Sweeney (1978).

12
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Figure 4: The optimal growth rate of output

3.2. Equilibrium with permits and resource taxes

In this chapter, we study the market equilibrium of the model. We assume that
the markets for labor and the final goods are perfectly competitive. Labor is
immobile while the final good and the resource are freely tradable. The financial
market is also assumed to be perfectly open so that the interest rate is equal in
the two countries. Regarding the resource, we assume that the property rights
accrue entirely to country B and the extraction cost are assumed to be zero.
This assumptions together with the assumption of ¢ < 1 resembles a case where
country A can be regarded as the typical industrialized country while country B
stands for a resource abundant developing country.

3.2.1. The final good sectors

Both countries’ final goods sectors consist in many identically firms using the
resource and labor as their only inputs. Prices of the final goods are normalized
to unity. Their problem consists therefore in

anz}%x/ [(AitLi)o‘Ril_a —w;L; — qr; R; — hPRZ} e "tdt (22)
"
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where ¢ denotes the world market price of the resource and 7; the national tax
on the resource in country i defined as one plus the ad-valorem tax rate so that
7; = 1 +¢;. In order to simplify the notation, we denote by ¢,, the growth rate
of the tax which can be different at any point in time whereas 7; refers to the
initial level at time zero. Note also that, although we use a tax on the resource
consumption here, it could be interpreted as well as a tax on pollution like a carbon
tax due to the strictly linear relationship between the resource consumption and
pollution and only one available technology. Nevertheless, we will refer to the tax
as a tax on resource consumption aimed at reducing pollution.

Since the usage of R; units of the resource leads to emissions of hR;, the last
term hPR; denotes the cost of permits for the firm in country ¢ where P is the
price of the permits, e.g. for the right of emitting one ton of COy equivalents.
This policy resembles the policy where permits are auctioned of by the govern-
ing institution and no free allowances are given to the firms. A different policy,
namely grandfathering where the firms are endowed with a certain amount of per-
mits has different distributional implications only within a country. For efficiency
considerations and the distribution between countries, it makes no difference.

The first-order conditions for the problem of country i’s firm are given by

Y;

E(l—a) =qr; + hP (23)
Y;

Note that due to the linear relationship between resource usage and pollution, the
marginal product of the resource is in equilibrium just equal to the marginal cost
which consists in the marginal price to be paid for the input and the marginal cost
hP necessary to buy the permits equivalent to the emission of the resource. Note
that if the firm were endowed with a sufficient number of permits, this condition
would still hold since it then represents the opportunity cost of not selling the
superfluous permits on the market.

From (23) we can further find the relative levels of production in the two
countries as

Vi o (La\* (Re)" _arathP Ry o)
YB N LB RA N QTB+hPRB

14



3.2.2. The extraction sector

The extraction sector is considered to be competitive and its intertemporal profit
maximization problem can be stated as follows:

o

max / g Rl TOdge st 5(0) = / Rydt (26)
0 0

This problem can be solved as a variations calculus problem with an isoperi-
metric constraint and yields the well-known Hotelling rule

), (27)
4t
The world market price of the resource -which here equals to the resource
rent due to the abstraction of extraction costs- has to grow at the world interest
rate. This is the only possible development of the resource price that allows for
extraction at any point in time. It can also be interpreted as a no-arbitrage
condition comparing the returns on capital and resource left in the ground.

3.2.3. The market for permits

On the market for permits, the fixed 'supply’ z; is determined by a global authority
at any point in time. By z; we denote the number of permits that are used in
country 7. The revenues are split between the two countries such that at any date
t, a share ¥4 < 1 of the revenue is distributed to country A and the remaining part
of (1 —14) to country B. Note that for efficiency and international distributional
considerations, it makes no difference if the permits are auctioned of (and possibly
traded on a secondary market) and the revenues are distributed accordingly or
if the permits are given away for free to the representative firms using the same
relative shares ¥4 and 1 — 14 respectively.

The exogenously given supply z; and the demands for permits by the firms
determine the price P for one permit such that the market clears at each date t,
i.e., zz = h(R4 + Rg) = hR. Due to the one to one relationship between permits
and the resource, wen can use the demands for the natural resource from (23) to
write the clearing condition for the permit market as

15



Yi(l—a) 1 2
SoR=y Ml (25)
i—A,B iap 47 +hP R
Note that this condition characterizes the equilibrium on both the resource and
permit markets simultaneously.

3.2.4. Households’ optimization problem

The representative household in each country maximizes his intertemporal utility
subject to his budget constraint.

o0

r%?x/log(%EA)e_ptdt (29)
0

The budget constraints are different for the two countries and depends on the

distribution of the endowments of both the resource and the pollution permits.

Taking into account that the resource rent accrues only to country B, the in-

stantaneous budget constraints for country A and B are given by the following

equations:
CA+BA:wALA—i-T(t)BA-f—[(TA—1)qRA+19APZ] (30)
CB + BB = wBLB + T(t)BB + [(TB — l)qRB + (1 — ﬁA)PZ’] + q(RA + RB> (31)

The variable B; represents the net holdings of financial assets in the two coun-
tries. The term in brackets thus represents the transfers to the households from
the tax revenues and the respective shares of the permit revenues while the prof-
its of the extraction are distributed to country B’s consumers. In the final good
sector, there are no profits due to constant returns to scales and therefore no
transfers to the households.

The first-order conditions of these problems with B; as the state variable yield
the standard Ramsey-Keynes condition for both countries:

gou =9gop =go =r1(t) = p (32)
In addition, the two transversality conditions, which can be interpreted as no
Ponzi game conditions’, have to be satisfied where 1,(0) represents the value of

"While there is a debate on whether the Transversality conditions are in fact necessary
conditions, in our case, we would otherwise need to impose this condition in order to rule out
Ponzi games.
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the costate variable to the state variable B; at time ¢, which can be written as

Jinll%(t)u%(O)e_JgT(st:: 0. (33)

The equilibrium of the model can now be derived. We develop four different
cases and compare the results depending on which instruments are employed. We
start by looking at the two cases where only one instrument, either a global system
of pollution permits or national taxes are used.

3.3. Equilibrium with national taxes

First, we assume that there are only taxes used and no pollution permits (P =
0). We restrict our analysis to the case where the growth rate of both taxes is
equal at equilibrium (g,, = g,, = ¢-) Daubanes and Grimaud (2006) show that
otherwise one of the no Ponzi conditions will be violated. The partitioning of
world production depends on the level of the taxes. It is determined by the (34)
derived from the first order conditions of the firms’ maximization problems. From
the Ramsey-Keynes condition we see that consumption in both countries grows at
the same rate. Together with the global budget constraint (which implies go = gy)
and (23) for the two countries, we get that both output and consumption in the
two countries have the same growth rates at equilibrium.

Logdifferentiating (23) yields gy — gr = g, + g- and further by using the
Ramsey-Keynes condition g = —g, — p. The equilibrium can be characterized
by the following conditions:

Proposition 2. Equilibrium with national taxes

e

Iva =9vs =9y = 9o =go, = 9oy =ox + (1 —a)gr=7(t) —p  (35)
9RA = 9rp = IR (36)

gr=—9r —p <0 (37)

r(t) = a(z+p) — (1 —a)g- (38)

17



The level of the two countries’ taxes determines the distribution of output
between the two countries. However, economic growth is only influenced by the
intertemporal change of the tax rates. A decreasing tax implies a slower extraction
of the resource and therefore a higher (negative) growth rate of R. This leads to
an increase in gy.

In order to determine the distribution of production and consumption between
the two countries, one needs to find the initial values. First, we can compute the
resource consumption at date zero from the condition

So = R(0) / i an(u)du gy (39)
0

7

=D

Since the gp is exogenously determined by the discount rate and the tax rates,
we can actually compute R(0) = Sy/D. Here, D can be somewhat interpreted
as the so-called reserves-to-production ratio. The higher its value, the slower will
the resource be depleted. Since the growth rate of the tax influences the rate of
change of the resource extraction, we can see immediately that it has an impact
on the initial level or resource usage: A decreasing tax means that the initial level
of resource consumption R(0) is necessarily lower and therefore also the level of
production, i.e. the tax has a negative level effect. However, since it increases the
growth rates of production, on the long run, this effect is outweighed.

Now we turn to the distributional analysis between the two countries. Using
(34), the usage of the resource in each country can be determined for ¢ = 0. They
are given as

Ly ¢Lp
Y/ 74(0) Y/ 75(0)
RA(0) = — ;‘ s—R(0) and R4(0) = — f s R(0)  (40)
{/7a(0) {/75(0) {/74(0) {/75(0)

Using the production functions, the values for Y4(0) and Y5(0) are straightforward
to obtain.

In order to see the distribution of consumption, the budget constraint of the
household are used. Since only the two representative households are borrowing
or lending on the financial market, we must have at each point in time that
By = —Bp and B4 = —Bg. Using the first order conditions of the firm, we
get from the budget constraint of country A the following differential equation:
Ca+ B A=Ys1+1rBy— lT_—A"‘YA. The solution of this non-homogenous first-order
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differential equation represents the instantaneous budget constraint at any date
where A = exp( [ —r(u)du):

t

Ba(t)eJormde — _ / Ca(s)Ads + j Ya(s)Ads — (1 — a) j

0 0

CA(S)

TA(S)

Ads + B(0)

(41)

When we take the limit for ¢ — oo, the no Ponzi game condition (33) can be

used to simplify the equation. Furthermore, using the conditions at equilibrium
for the growth rates of all variables of (35), the solution can be written as

Y4(0
C4(0) = ¥a(0) — (1 - )2 p 4y, 0) (12)
TA(O)
where D was defined in (39). Similarly, for country B we find
Y4(0
C(0) = Ya(0) + (1~ a)p 2 D — 53, (0) (43)
74(0)

The second term on the right hand side stems from the fact that the resource
is owned solely by country B. Note that the ratio of the tax rates determines the
division of the resource usage and therefore production according to (40). When
the tax rates are equal, a joint increase of the tax rates has no effect on welfare
and the levels of production in each country. However, this policy decreases the
resource rent as it can be seen from (43). In this case, the resource-scarce country
captures a share of the rent of the resource abundant country B. So while the level
of the taxes did not matter for efficiency, it has indeed strong implications for the
distribution. Since the overall supply of the resource is fixed, the tax incidence
falls solely on the owner of the resource. Here where only country B is endowed
with the depletable resource, an increase of the tax level in both countries extracts
a share from the resource rent to country A.

Another effect occurs when the national tax rates are not equal in the two
countries. In this case, the equilibrium is not optimal. The different marginal
costs of the resource will induce a relocation of production from the country with
the higher tax to the one with the lower one. This relocation effect is captured
by equation (34). In addition, the tax in country A has a distributional impact
since it reduces resource consumption in country A and hence the rent payment
to country B. The two effects and its distributional implications are in-depth
studied in Daubanes and Grimaud (2006).
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3.3.1. Optimal Taxation

In order to implement the global optimum, we compare the result of the previous
section with the conditions for the optimal allocation. We find by comparing
(34) and (16) that the tax rates have to be equal in the two countries (74 =
7p = 7). Implicitly, this follows from the fact that the marginal products of the
resource should be equal between the two countries. Note that the level itself
it not determined and thus arbitrary for optimality considerations. This is in
accordance with the well-known result, that it is the time profile and not the level
of a (decreasing) resource tax that makes it possible to implement the optimal
extraction path (see e.g. Sinclair 1992). The level of the tax does not matter due
to the exhaustible nature of the resource.® However, it has indeed distributional
implications between the countries as discussed above. For the time profile of the
taxes, we find the optimal growth rate of 7 by comparing (17) and (37) as

Y

= <0 44
T o (44)

Tt

The optimal tax rate is hence decreasing over time starting from an arbitrary
level. Note that its growth rate is not constant but changes over time since gg
changes over time (see figure 3).

3.4. Equilibrium using pollution permits

Secondly, we compute the equilibrium allocation when only emission permits are
used (i.e., setting 7;; = 1 Vi, t) and the number of permits available z; is determined
globally. We first look for an equilibrium where the rate of growth for the use of
permits in both countries is equal (g, = g., = ¢.).? This implies for the market
of permits

8Note that since 7 is defined as one plus the tax rate, an decreasing 7 implies that ultimately
the tax becomes a subsidy. But since the initial level is not important for efficiency consider-
ations, this is of no further relevance. In fact, we find that the tax rate converges to a certain
value € |0, 7;[ depending on the starting point of (gr ¢gr) within the phase diagram.

9While this assumption would be crucial in a model with capital, we do not necessarily rely
on it within this setting where the resource is the only variable production factor. This implies
automatically that the resource consumption has to grow at the same pace in the two countries
from the production functions and the first order conditions of the firm.
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2t
n
or written in growth rates gy = ¢. + gq+np. Since the profile of permits is exoge-
nously determined, the growth rate of R is equal to g.. Moreover, we obtain as
equilibrium conditions for both countries:

(Ya+Ys)(1—a)==(q¢+ hP)*® (45)

Proposition 3. Equilibrium with a global system for pollution permits
9Ry, = YR = YR = Y= (46)

Gya = 9vy =9y = 9o =g, = 9oy = ax + (1 —a)g. =r(t) —p  (47)
Ya Ra  La

a4 La 48
YB RB ¢LB ( )

gg+hp = a(z — g.) > 0 (49)

r(t) =gy =0ar+ (1 —a)g: +p = ggrnr + (p+ g-) (50)

A faster reduction of available permits (g, increases in absolute value), i.e. a
tighter environmental policy, leads to a reduction of the growth rate since the
resource is essential for production. While it increases the growth rate of the
marginal cost of the resource ¢ + hP, it depresses the growth rate of the resource
price q. Thus, it leads to an increase of the growth rate of the permit price. As it
can be seen from the last equation, the interest rate decreases when |g,| increases.
This result is somewhat similar to the one of Grimaud (1999). Eventually, this
reduces the growth rate of consumption and output (from the Ramsey-Keynes
condition). From the analysis of the optimal allocation, we found that the growth
rate of the resource has always to be greater than —p. Therefore we look only at
policies which ensure that g, > —p at any point in time.

The implementation of the Pareto optimal allocation with permits is straight-
forward obtained by setting the profile of permit such that

Mg

11—«

Gze = — - p- (51)

10Note that we look only at the case where all permits are actually used by the firms (R; = z;).
This implies that we concentrate on the case where z; is chosen ’relatively’ optimal. Otherwise
the price of a permit would actually fall to zero and one could consider strategical behaviour of
some countries with market power to gain some rents depending on the revenue sharing rule.
(See Bernard et al. (2003) for an example).
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As we have seen from the phase diagram, g., which equals gg has to be neg-
ative. But since gg was not constant, g, is also varying over time. But we can
compute its growth rate as g,, = ¢g. — gg. This term is negative in the relevant
case where the resource is not depleted in finite time, which implies that z is
decreasing while its growth rate itself is converging to zero. This implies that the
interest rate is also decreasing over time and approaches the value of a(x + p),
which is the value that would prevail in the model without pollution. Intuitively,
the (initially) higher interest rate compared to the equilibrium without pollution
leads to a increased growth rate of consumption (from the Ramsey-Keynes con-
dition) and thus to a lower initial consumption and resource exhaustion. This is
precisely what is needed in order to take into account the externality of pollution
by postponing resource extraction.

The same method as in the last chapter can be used to determine the initial
value of the variables and therefore look at the level effects and distributional
aspects. Now the difference is that the initial level of resource use R(0) is ex-
ogenously determined by the initial supply of permits, z(0)/h, since we assume
that all permits are actually used.!! We get therefore the initial level of resource
consumption and can compute the national ones as
_ L 2O o) = —0ke 20) (52)

La+¢Lg h La+¢Lp h

The national production levels Y4(0) and Yp(0) can be simply derived by
substituting this values into the production functions.

The determination of the consumption levels on the other hand is more dif-
ficult. From the budget constraints together with the closeness of the financial
market we obtain again two differential equations which yield the following solu-
tions for country A where A = exp( [; —r(u)du):

RA(0)

1This assumption implies some restriction on the choice of either g, or z(0). This is due to
the fact that a condition similar to (39), namely hSy = 2(0) [~ exp(fot g-(u)du)dt must hold.
We therefore assume that g, is set by the intergovernmental agency and z(0) is determined such
that this condition is always satisfied. This implies that the market for permits is always cleared
for a positive price.
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t

B(t)e™ Jor(wdu /C’AAds +a [ YaAds+94(1 —a) -

S —_

t
1
/YAds + 19,4% /quds + B4(0) (53)

0 0

As t tends to infinity, the LHS goes to zero because of the no Ponzi condition
(33). Furthermore, using the equilibrium growth rates of all the variables, we find
for country A:

CA(O) == aYA(O) + 19,4(1 - a)Y(O) — T9APQOSO + pBA(O) (54)

and for country B we get similarly

Cp(0) = aY5(0) + (1 — 04)(1 — @)Y (0) + 9apgoSo — pBa(0).  (55)

Note that the relative levels of consumption of the two countries depend still on
the initial value of the resource price qq (alternatively, they could also be expressed
in terms of the initial permit price Fy). This is because of some indetermination
of the initial resource and permit prices, which is explored in the following.

3.4.1. A note on the determination of the permit and resource prices

The price for the resource and the price for pollution permits is simultaneously
determined through the supply and demand for the resource from (45). The
growth rates of these prices can be separately identified due to the determination
of the growth rate of the resource through the Hotellings rule. The evolvement
of the permit price cannot be solved explicitly but can be recovered from g, and
Jq+np given some initial value gy or P,.*2 Since we reduced the analysis to cases
where g, > —p holds, it follows immediately that the resource price is growing at
a higher rate than the entire marginal cost of the resource which is itself growing
faster than the permit price. Along the equilibrium path, the growth rates of both
the resource price g, and the total marginal cost of the resource g,4,p converge

12gp is implicitly defined from gqqexp fo gq(s)ds) + hPyexp fo gp(s)ds) = (qo +
hPo) exp( [y gg+np(s)ds)
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towards the value a(x 4 p) which implies that the permit price also approaches
this value as t tends to infinity.

Regarding the initial values of the prices, the resource market clearing condi-
tion implies, that the sum of the initial prices gy + hF, can be identified. Together
with the initial values for the national production levels, we get

[Ao(La+ SLo)" |
O (56)

However, one is not able to determine both prices separately. There is an
infinite number of combinations of ¢y and P, that can prevail at equilibrium. The
only restrictions are that both prices have to be positive and have to satisfy jointly
(56). However, the impact of the introduction of a permit system on resource
prices is highly relevant for distributional considerations. For the case of oil and
CO4 permits, there has been several studies concluding that a permit system can
have an huge impact on the resource rent depending mainly on market power in
the resource market and the demand elasticity. For instance, Rosendahl (1996)
find in a competitive setting that a COy permit price of 10 US-$ would reduce
the resource rent by one third for relatively low elasticities of demand. Still the
figures estimated vary significantly from almost zero to almost 100 per cent (Berg
et al. 1997). So the question how the two prices could be determined, is of utmost
importance.

One possibility to determine them in the present model would be, to assume
that the economy was at the steady state already before the introduction of the
permit scheme according to the same model just without pollution. In fact, this
could mean either that the market equilibrium was sustained without a correction
for the externality or that simply the externality was not yet perceived by the
households (i.e., A = 0). Formally, we say that the economy started at date
—T as described in the model without permits (i.e., P = 0). Then, at time 0,
the permit system is introduced without having been anticipated by the agents.
One could argue that the permit price just adds up to the resource cost thus
leading to the necessary postponement of extraction while the resource price itself
is not directly affected immediately while its growth rate changes evidently. One
argument supporting this view would be a no-arbitrage condition a la Hotelling
around date zero assuming that the introduction of the permit system is becoming
public shortly before its actual introduction. If we impose this restriction, one can

q0+hP0:
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show that the initial permit price will be determined as

et ([ ea) (3]

Proof. For the period [—T,0[, we have the same model with a permit price
equal to zero. From (56) applied to time —7' together with the growth rate of
the price which is g, = r(t) = a(z + p), we can compute the price at date zero
which will prevail at the date the permit system is introduced. Here, z(0)/h in
(56) is replaced by R(—T') which can be computed using the fact that gp = —p
and hence R(—T) = pS_p. Then we equalize the value for ¢(0) with the initial
condition for the equilibrium with permits given by (56). This condition yields

4(0) = (1 — o) A=rLatolall otz = (1 — o) ellatololl’ _ gy Using the fact

that Sy = S_re T and Ay = A_7e*’ and (39), we obtain (57). This completes
the proof. m

Note that using (39), it can be shown that the term in the square brackets
is positive if the initial number of permits zy is smaller than the optimal initial
resource consumption level in the case without externality. This intuitive result
means that the permit price is strictly greater than zero if the permit system
effectively postpones extraction. This gives rise to another interpretation of the
(possible) initial permit price given by (57): While it might well be the case that
the resource price actually drops at the introduction of the permit system, it will
at least most likely not rise. The minimum permit price will therefore be the
one given by (57). A reduction of the resource rent would only further increase
the permit price. The situation where the resource price is not altered at the
introduction of the permit system is depicted in figure 5.

When we look at the case where the resource price is indeed altered by the
introduction of the permits, we could fix one of these prices at an arbitrary value
given that the remaining price will be non-negative (and the permit price is at
least as large as given by (57)). The distributional effects can then be studied
using the values for consumption given by (54) and (55). A marginal increase of
go (which is equivalent to a decrease of h Py since dgy+ hdPy = 0) leads to a higher
resource rent net of reduced permit revenues in the resource-rich country B. Its
consumption level increases by the amount of ¥ 4pSy:

dCy(0)
dqo

= 94pSo (58)
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Figure 5: Determination of the initial resource and permit price

An interesting example for this effect of higher permit prices on the resource
rent comes from the debate about Russia’s role within the Kyoto protocol: Bernard
et al. (2003) show that while resource-rich Russia has an interest in relatively high
permit prices given its favorable endowment with permits, on the other hand,
higher permit prices will reduce prices for fossil fuels and hence decrease its rents.
This shows the basic trade-off between higher resource rents when a country is
also entitled to a large share of permit revenues.

4. Simultaneous taxes and permit system

So far we have shown that either pollution permits or resource taxes can reduce the
distortion from pollution. Now we study the possible interaction effect when both
instruments are used at the same time. The main question arising is therefore,
what is the optimal allocation of permits given there are already possibly different
national resource taxes in place?

4.1. Equal national taxes

First, we analyze the situation where the taxes are equal in the two countries
at any point in time (74 = 7p Vt). This implies that the marginal costs of the
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resource are equal between the two countries. In this case, we get basically the
same equilibrium as in the case where only permits are used. So the equilibrium
conditions hold apart from equation (49) which is replaced by g,r1np = a(z —g.).
Intuitively, since the resource consumption is determined by the permits available
on the market, the marginal cost of the resource is determined and any tax will
only affect the permit and resource prices such that ¢7 + AP remains unchanged.
As it was mentioned before that the relative size of resource and permit prices is
not defined, similarly we cannot determine whether an increased tax rate lowers
the resource or permit price. So while the level of the marginal cost is the same
as in the case with only permits, the prices of the resource and/or permits are
affected by the tax rate and its growth rate. While the intertemporal allocation of
the resource and hence production is unchanged, this has a distributional impact
between the different countries. We therefore compute the initial consumption
level for the resource importing country A'? in order to study the effect of a
change in taxation.

Ca(0) = aYa(0) +9a(l —a)Y(0) + pgoro / elo grra=ds gy (RA(O) - §A¥>
0
—PaoR4(0) / elo 2=t + pBA(0) (59)

0

First we look at a impact of the growth rate of the tax, g,. In a world without
permits, it was needed in order to implement the optimal allocation. In the
presence of a permit system however, the extraction path is fully determined by
the profile of permits. The growth rate of the tax thus has no effect on the
resource consumption path and therefore on global optimality. However, it has
distributional consequences for the two countries: It directly affects the growth
rate of the permit price and leaves the resource price unchanged.!* The effect on
the consumption between the two countries thus depends again on the relation
between the actual emissions and the share of the proceeds of permits that is
being distributed to the country. If a country is a net buyer of permits, a faster

BDue to the simple financial market between the two countries, the case for country B is
omitted here since it is just the same effect with the opposite sign.

14This can be seen from the fact that the initial level of go7¢ + h Py still determined by (56).
Since the growth rate of the resource price is determined by the interest rate which is not affected
by g-, gp has to adjust such that the total marginal cost of the resource is not altered.
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reduction of the tax rate which implies a higher growth rate of the permit price,
its consumption is being reduced due to the higher expenditures for permits.

In order to study the effect of the initial tax level, we focus on the case where
the taxes are constant over time (g, = 0). In that case, consumption of country
A simplifies to

Ca(0) = a¥a(0) +9a(l = a)Y (0) = 9apgoToSo + pgoSy (o — 1) + pBa(0), (60)

where S§' is the share of the total stock of the resource that will eventually be
consumed in country A. From this expression, we can study the effect of an
increase in both countries’ tax rate. Since the tax rate can have an impact on both
the permit and the resource prices (due to the identification problem discussed
earlier), we study the two extreme cases. First, if ¢ remains unchanged (which
might be the more realistic case, as discussed before), we find that

dC4(0)

dTU

= pgo [S§" — VaSo] - (61)

qo=const

The sign of this expression depends on the relation between the resource con-
sumption and the share of the revenue of permits each country gets. A net buyer
country of permits will gain from this policy due to lower expenditures for per-
mits. If the revenues are distributed accordingly to the actual consumption in
each country, there is no distributive effect of taxation since the tax revenues are
exactly compensated by lower transfers coming from permit sales.

On the other hand, if we consider the situation where the tax does not alter
the permit price but only influences qq, we get a different result. We look at a
marginal increase of the tax rate that is accompanied by a decline of the resource
price such that o7 remains constant, i.e., dro/To =~ dqo/qo.*> Since all other
variables are not affected by this tax raise, we get from the total differential the
following effect on consumption:

T dre = p—50 (62)
To Py=const To

This effect is always positive and reflects the fact that the resource rent to be
paid to country B is reduced through taxation. This implies that the resource-rich

country B is worse off due to the reduced resource rent.

5More precisely, we need that (go + dqo)(7o + d7o) = qoTo holds. However since, the cross
product dqodTg is very small compared to the other terms, we can use this approximation.
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Different from the model with no permits, the overall effect is somewhat am-
biguous. It depends on the revenue sharing rule of the permit scheme and on the
impact ot the tax on the resource and permit prices. When we assume that both
prices are affected by the tax rate, we obtain the distributive effects as a weighted
average of the two extreme cases.'® So there is a continuum of effects depending
on the relative change of the two prices that are induced by the tax.

Summing up, we find that when the taxes are equal in the two countries, global
optimality is not affected. However, the distributional implications depend on the
tax rate and its growth rate, the specification of the permit scheme (in particular
its distributional aspects), and the effect of the tax on both the prices for permits
and the resource.

4.2. Different national tax rates

When we allow the national taxes to differ, things become more difficult but also
more realistic as it has been pointed out in the introduction. In this case, we have
necessarily different marginal cost of the resource in the two countries, namely
qTB + hPy # qT 2 + hP. This implies that the growth rates of resource usage and
thus output differ between the two countries. Therefore, the optimum can never be
achieved since (13) and (14) never hold at an equilibrium (if it exists). This stems
from the fact that an international permit system implying an identical permit
price. Together with the fact that the resource price is also determined globally,
the national different taxes create a distortion due to different marginal costs of
the resource usage which cannot be eliminated through trade or delocalization
of production. Hence, the country with the lower tax will attract more of the
resource. This leads to a suboptimal allocation due to the diminishing marginal
productivity of the resource.

Note that the argument used frequently in favor of international permit sys-
tems that it equalizes costs a pollutant globally does not hold here. In that we
introduce the link between resource consumption and pollution, we find that in a
second best world with pre-existing (non-optimal) taxes, a global permit trading
system creates an additional distortion.

While the exact solution of the equilibrium is not feasible in this model, we
know at least that a global permit system can never be optimal in the presence of
national different taxes. Therefore we look at the case of national permit systems

161n this case we take dgg = —¢ g—szo where £ € [0, 1] denotes the relative share of the change
of 7¢ that is undone by a change of ¢o.
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which might be the preferred solution in this case.

4.3. National permit trading systems

We now look at the case where the profile of permits available {z;} is still de-
termined globally and individual levels are assigned to each country. But now,
no transactions between the national permit markets are allowed. The prices for
permits are thus allowed to differ between countries. We denote by z4 and zg the
allowances assigned to each country such that z = 24 + zp and by P4 and Pp
the respective permit prices at any point in time.!” We look at the case, where
the global profile of permits is set optimally. Additionally, in order to make it
possible to implement the global optimum, we assume that the national permit
profiles are determined such that they allow for equal growth rates of production
in the two countries. Note that this setting is comparable to the situation under
the Kyoto protocol without the International Emissions Trading (IET) mechanism
(as proposed in article 17 to be put in place in 2008), but with national permit
systems in place as they already exist in several countries (Kitamori 2002). Since
the reduction obligations are set globally, countries can decide which instrument
to use in order to reach their individual targets. As we assume that tax levels
are set non necessarily optimally, national permit systems are the instrument of
choice.

The tax rates are exogenously set for both countries and differ between the
two. Now, the marginal cost of the resource can be equalized at equilibrium. This
will happen due to the international markets for the resource and the final good.
Moreover, the equilibrium for each country ¢ is straightforward to obtain and can
be characterized by the following proposition:'®

Proposition 4. The equilibrium with national pollution permit systems for both
countries i € {A, B} is characterized by the following conditions:

gy, = 9o, =ax+ (1 —a)g.=r(t)—p (64)

1"We look here only at the case where g,, = g., since otherwise the optimum can never imple-
mented. Therefore, if this were the case, the allocation would never be optimal (straightforward
to see from Proposition 1).

18We imposed the condition that the number of permits available in each contry grows at the
same rate g, since otherwise one of the no Ponzi conditions would not hold at equilibrium.
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Yqri+hP; = a(a: - gZ) >0 (65)
r(t) =gq=ax+ (1 —a)g. +p (66)

Note that the growth rates of output, consumption, and resource usage are
equal for the two countries. Additionally we find the following initial values for
consumption at equilibrium:

C4(0) = Y4(0) — pgoSg' + pB4(0) and Cp(0) = Y5(0) + pgoS; — pBA(0) (67)

Note that now the taxes and permits do not at all affect the distribution of
consumption (and production). Also note that the partitioning of the permit
allowances is determined by the relative productivities!? as

L4 ¢Lp
La+o¢Lp La+o¢Lp

This initial values for resource usage together with the conditions for both
countries’ equilibria imply that the global optimum can be implemented simply
by setting the optimal growth rate of permits (globally and in both countries)
according to (51). As it has already been said, optimality requires also the par-
titioning of the permits as given by (68). While a global permit trading system
is not able to restore optimality in the presence of national taxes, permit systems
on the national level are indeed able to do so.

Looking at the prices for permits between the two countries, the equal marginal
costs of the resource imply directly

24(0) = 2(0) and zp(0) = 2(0) (68)

Py— Py = —%(TA — ) VL. (69)

Evidently, the permit prices’ discrepancy reflects just the differences in the
national taxes. Note that as in the case without taxes, the absolute levels of the
permit and resource prices are not identified by the model. In this case, while
the difference between the two permit prices is determined, the absolute levels
compared to the resource price are somewhat free to choose at is was argued
before.

19This is due to the fact that substitution betwen production factors is limited to (fixed) labor
and the resource. The conditions follow from the initial values of production and the fact that
the marginal costs will be equalized.
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So far we assumed that the permits available globally were chosen according
to the optimal solution presented in chapter three. This requires determination
on the global level due to the nature of the environment as a public good. If
the countries set their respective optimal extraction path for the resource, their
criterion would not be the optimal gg given by (17). When we look at the national
optimum individually, the optimal solution yields an equivalent of this condition

given by
NI R;

= — — 70
9R; ]-_04|:RA+RB:| P (70)

which becomes for the symmetric?® equilibrium:

1 Agg

S - |
Y g (71)

Comparing this condition with (17) and taking into account that gp < 0,
this implies that the resource is exhausted faster than in the global optimum.
This stems precisely from the public good nature of the environment. This result
accentuates the necessity that the optimal extraction path (or equivalently, the
optimal time path of the environment) has to be set at a global level considering
the global impact of e.g., burning fossil fuels.

5. Conclusion

The basic results including the distributional effects of the different regimes de-
scribed above can be summarized as shown in the following table:

20In this model, non-symmetric equilibria do most probably not exist, however, we did not
check this explicitly since we are only interested in the role of the public good.
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policy ‘ optimality ‘ determinatiod distributional effects

g, optimal, To not 7o 1= qo |= resource
TA=TB=To determined | scarce country gains
g%, T4 # Tp | not optimal delocalisation to the
country with lower taxes
{271} optimal g and P Py 1= qo |= resource
only jointly | scarce country gains
determined
{prt}, gr, optimal g 1= gp T= net seller of
TA=TB=To permits gains
To T= resource scarce
country gains if gy |,
net buyer of permits gains
if Py |
{271, not optimal
TAF#TB
{271, optimal g and 7; 1= P; | (no effect), but
TAF# TB, {P4, P} ¢o | = resource scarce
national only jointly | country gains
permit determined
markets

We have studied second-best equilibria in a model that integrates a non-
renewable resource and pollution. First we studied several policies, which, while all
being optimal, have important distributional impacts. The effect depend mainly
on the design of the permit scheme (in particular, its revenue sharing rule) and the
determination of the initial prices of the resource and permits. In particular, the
indetermination of the initial prices in this model leaves room for very different
distributional consequences.

We then look at the case where different national taxes on resource consump-
tion are in place and study the optimal pollution permit system. The results
suggest that a global permit trading scheme is not always optimal. This comes
from the fact that in a model with non-renewable resources like fossil fuels, it is not
the cost of the pollutant but the total marginal cost of using the resource which
has to be equal between countries. The presence of varying national resource
taxes thus asks for national permit markets in order to obtain an international
unique 'total price’ of the resource. Note however that this result does not stand
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against the idea of international actions against pollution like the Kyoto protocol.
It suggests that while the quota and reduction goals should be agreed upon on a
global level, the measures to achieve them should take into account heterogeneity
of the tax systems between countries. Supranational permit trading makes per-
fectly sense for a region with more homogenized taxes like Europe, which points
in favor of the European Trading System. On the other hand, between countries
with very different taxes on non-renewable resources, national permit markets are
preferable. It therefore suggests that the International Emissions Trading (IET)
might create a distortion due to the little harmonization of taxes on exhaustible
resources.

References

1]

2]

3]

Bennear, L.S., and Robert N. Stevins, 2006, Second-Best Theory and the use
of Multiple Policy Instruments, September 6, 2006, mimeo.

Berg, Elin, Snorre Kverndokk, and K.E. Rosendahl, 1997, Market power,
international CO2 taxation and oil wealth, Energy Journal, 1997, 18(4), 33.

Bernard, A., S. Paltsev, J.M. Reilly, M. Vielle, and L. Viguier, 2003, Russia’s
Role in the Kyoto Protocol, MIT Joint Program on the Science, and Policy
of Global Change, n. 237, Report 98, June 2003.

de Bovenberg, A. Lans and Ruud A. Mooij, 1994, Environmental Levies and
Distortionary Taxation, American Economic Review, 84(4), 1085-89.

Dasgupta, P., and G. Heal, 1979, Economic Theory and Exhaustible Re-
sources, London.

Daubanes, J., and A. Grimaud, 2006, On the North-South Effects of Environ-
mental Policy: Rent Transfers, Relocation and Growth, mimeo, University
Toulouse 1, December 2006.

Ekins, P., and T. Barker, 2001, Carbon Taxes and Carbon Emissions Trading,
Journal of Economic Surveys, 15(3), 325-376.

European Union, 2003, Council Directive 2003/96/EC of 27 October 2003
restructuring the Community framework for the taxation of energy products
and electricity. OJ L 283/51, 31.10.2003.

34



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[19]

[20]

Forster, B., 1980, Optimal energy use in a polluted environment, Journal of
Environmental Economic and Management, 7, 321-333.

Garg, Prem C., and James L. Sweeney, 1978, Optimal growth with depletable
resources, Resources and Energy, 1(1), 43-56.

Goulder, L.H., 1995, Environmental Taxation and the 'Double Dividend’: A
Reader’s Guide, International Tax and Public Finance, 2(2), 157-183.

Grimaud, André, 1999, Pollution Permits and Sustainable Growth in a
Schumpeterian Model, Journal of Environmental Economics and Manage-
ment, 38, 249-266.

Grimaud, André, and L. Rougé, 2005, Polluting Non Renewable Resources,
Innovation and Growth: Welfare and Environmental Policy, Resource and
Energy Economics, 27, 109-129.

Hotelling, Harold, 1931, The Economics of Exhaustible Resources, Journal
of Political Economy, 39, 137-175.

[EA (International Energy Agency), 2006, Energy Prices and Taxes, volumes
2006, 4th quarter, and 1998, 1st quarter.

Jouvet, Pierre-Andre, Philippe Michel, and Gilles Rotillon, 2005, Optimal
growth with pollution: how to use pollution permits?, Journal of Economic
Dynamics and Control, 29(9), 1597-16009.

Keeler, E., M. Spence, and R. Zeckhauser, 1971, The optimal control of
pollution, Journal of Economic Theory, 4, 19-34.

Kitamori, Kumi, 2002, Domestic GHG Emissions Trading Schemes: Recent
Developments and Current Status in Selected OECD Countries, in: OECD -
Implementing Domestic Tradeable Permits: Recent Developments and Future
Challenges, Paris.

Krautkraemer, J., 1985, Optimal Growth, Resource Amenities and the
Preservation of Natural Environments, Review of Economic Studies, 51, 153-
170.

OECD, 2003, The use of Tradable Permits in Combination with other envi-
ronmental policy instruments, ENV/EPOC/WPNEP(2002)28/FINAL, July
2003.

35



[21]

22]

23]

[24]

[25]

[26]

Pizer, William A., 2002, Combining price and quantity controls to mitigate
global climate change, Journal of Public Economics, 85(3), 409-434.

van der Ploeg, Frederick, and C. Withagen, 1991, Pollution control and the
Ramsey problem, Environmental and Resource Economics, 1, 215-236.

Roberts, Marc J. and Michael Spence, 1976, Effluent charges and licenses
under uncertainty, Journal of Public Economics, 5(3-4), 193-208.

Rosendahl, K. E., 1996, Carbon Taxes and the Impacts on Oil Wealth, Jour-
nal of Energy Finance & Development, 1(2), 223-234.

Schou, P., 2002, When Environmental Policy Is Superfluous: Growth and
Polluting Resources, Scandinavian Journal of Economics, 104, 605-620.

Sinclair, P.J.N.; 1992, High Does Nothing and Rising is Worse: Carbon Taxes
Should Keep Declining to Cut Harmful Emissions, Manchester School, 60, 41-
52.

Sinclair, P.J.N., 1994, On the Optimum Trend of Fossil Fuel Taxation, Oxford
Economic Papers, 46, 869-877.

Stiglitz, J., 1974, Growth with Exhaustible Natural Resources: Efficient and
Optimal Growth Paths, Review of Economic Studies, 41, Symposium on the
Economics of Exhaustible Resources, 123-137.

Stokey, N.L., 1998, Are there limits to growth?, International Economic Re-
view, 39, 1-31.

Ulph, A., and D. Ulph, 1994, The Optimal Time Path of a Carbon Tax,
Ozford Economic Papers, 46, 857-868.

Weitzman, M.L., 1974, Prices vs. Quantities, Review of Economic Studies,
41, 477-491.

Wildasin, David E., 1988, Nash equilibria in models of fiscal competition,
Journal of Public Economics, 35, 229-240.

Withagen, C., 1994, Pollution and Exhaustibility of Fossil Fuels, Resource
and Energy Economics, 16, 235-242.

36



