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Abstract

The European Union fulfills its emissions reductions commitments by means of an emissions
trading scheme covering some part of each member state’s economy and by national
emissions control in the rest of their economies. The member states also levy
energy/emissions taxes overlapping with the trading scheme. Restricting our focus on cost-
effective policies, this paper investigates the distributive consequences of increasing the
overlapping emissions tax that is uniform across countries. For quasi-linear utility functions
and for a class of parametric utility and production functions emissions tax increases turn out
to be exactly offset by permit price reductions. As a consequence permit-exporting [permit-
importing] countries lose [gain] from an increase in the emissions tax. These results are not
general, however. By means of a numerical example we show that export-import reversals
and welfare reversals are possible.
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1 Introduction

In the Kyoto Protocol the EU committed to reduce its greenhouse gas emissions by 8%
in 2012 from its baseline emissions in 1990. In order to fulfill this commitment the EU
has established an emissions trading scheme (ETS) in 2005 (see EU 2003a) allowing for
EU-wide trade in emissions permits. With respect to emissions control the economies of
all member states are split into two sectors. The installations covered by the ETS, referred
to as the ETS sector, include combustion installations, mineral oil refineries, coke ovens,
installations producing and processing ferrous materials, mineral installations and industrial
plants for the production of pulp and paper. In the rest of the economy, called the non-ETS
sector (that mainly consists of private households and transportation), emissions control is
the national governments’ responsibility and is carried out through instruments other than
emissions trading. Another peculiarity of EU emissions control is the existence of emissions
or energy taxes in the ETS sectors overlapping with the ETS (Johnstone 2003, Sorrell and
Sijm 2003). Table 1 lists exemplarily selective overlapping energy taxes in ETS-sectors.!

Coal Heavy fuel oil for Light fuel oil
in industry | combustion installations | in industry
Austria 35.9 5.4 24.2
Finland 43.0 - 14.0
France - - 11.7
Germany - 10.1 13.0
Ireland - 7.0 8.9
Poland - 6.4 12.5
Spain - - 16.6
Sweden - - 12.8

2

Table 1: Percentage of energy taxes® in prices in the second quarter 2007 (International Energy Agency

2007)

We aim at modeling a hybrid EU-type policy in a stylized way. Under the simplifying
assumption that in their non-ETS sectors national governments control emissions through
a sectoral emissions tax, box 2 in Table 2 shows the mix of complementary and overlapping

policy instruments that will be focused here. Box 1 in Table 2 represents the limiting case

!The ’Energy Tax Directive’ (EU 2003b) sets minimum tax levels on fossil fuel starting in 2004. It
allows for many exemptions and tax reductions, e.g. for energy-intensive business. Art. 14 stipulates that
Member States shall exempt from taxation energy products used to produce electricity but on the other
hand it allows Member States to subject these energy products to taxation without having to respect the
minimum levels of taxation laid down in the Directive. The effect of the Directive is small because most

countries have higher rates than the minimums.
2VAT is not included in prices and taxes shown for industry and electricity generation because it is

refunded.



in which no tax is levied in the ETS sector while box 3 can be interpreted as the state in

which the rate of the tax in the ETS sector is so high as to 'dry up’ the permit market.

Emissions control in the ETS sector via

ETS | ETS and sectoral tax Sectoral tax

Emissions control in the

non-ETS sector via sectoral tax

Table 2: EU-type emissions control in a two-sector economy

To capture such policies in a multi-country model we translate the EU commitment
of emissions reductions into an upper bound, say ¢, for total emissions in the group of
countries. The EU burden sharing agreement (EU 1999) is then interpreted as a political
decision to split the overall emissions cap ¢ into national caps, ¢;, one for each member
state 1 = 1, ..., n, satisfying Zj ¢; = ¢. Throughout the rest of this paper we will take the
partition (cy, ..., ¢,) of the overall cap ¢ as given. As noted above, the EU ETS covers only
part of each member state’s economy. Therefore, the national cap ¢; needs to be further
split into a cap for the ETS and the non-ETS sector. The cap for the non-ETS sector is
then implemented by a sectoral emissions tax whereas the cap of the ETS sector defines
the country’s budget of emissions permits to be issued by the national government and

allocated to the installations in its ETS sector.

Obviously, that hybrid policy is susceptible to many pitfalls of cost ineffectiveness,
in particular when overlapping taxes in the ETS sectors are included in the policy mix.
To the best of our knowledge, there are only two papers studying international emissions
trading with overlapping emissions taxes. Bohringer et al. (2007) use a CGE model to
study the impact of overlapping regulation through a unilateral carbon tax in one of the
countries (Germany). They show that the German ETS sector carries excessive costs while
the other EU member states may benefit or lose from that tax. Eichner and Pethig (2008)
use a general equilibrium model to assess policy (in)effectiveness when national governments
have discretion in fixing both an overlapping tax and their budget of emissions permits.
Eichner and Pethig (2008) establish that cost effectiveness for the group of countries is
attained if and only if there is a tax in the ETS sector (possibly zero) that is uniform
across countries and a tax in the non-ETS sector that is also uniform across countries at a
rate equal to the sum of the permit price and the rate of the tax in the ETS sector. The
important message is that as long as the emissions tax in the E'TS sectors is uniform across
countries it can be fixed at different levels without compromising cost effectiveness for the

group of countries.



In the present paper we will briefly reconstruct the model developed in Eichner and
Pethig (2008), restate their cost-effectiveness result, and base our subsequent analysis on
that model. However, we will exclusively consider cost-effective policies disregarding (em-
pirically existing) cost ineffective policies and possible corrective actions that are addressed
by Bohringer et al. (2007) or Eichner and Pethig (2008). This restriction serves to direct
as clearly as possible the focus on the objective of the present paper, namely to study the

distributional consequences of variations in the overlapping emissions tax.

To our knowledge, this distributional issue has not been analyzed in a two-sector
general equilibrium framework which captures the EU emissions control in a stylized way.
We aim to determine the welfare effects of variations in the overlapping emissions tax.
More specifically, denote by u;(c, t,) the welfare of country ¢ in the (unique) competitive
equilibrium of the multi-country model which prevails when ¢ = (cq, ..., ¢,) is the vector of
national emissions caps and when ¢, is the rate of the emissions tax in the countries” ETS
sectors.® We are interested in the sign of the derivative du;(c,t,)/0t, whose calculation
turns out to be non-trivial because it requires carrying out a full-scale comparative static

analysis of the multi-country model.

Due to the model’s complexity we do not succeed in fully characterizing the distribu-
tional impact of variations in ¢, (from ¢, = 0 to some high level of ¢, for which the permit
price becomes zero). However, we do obtain clear-cut analytical answers for the special case
of quasi-linear utility as well as for a class of parametric utility and production functions.
In both cases we show that an increase in the tax rate t, is exactly offset by a reduction
in the equilibrium permit price leaving all firms’ production unaffected. Yet the value of
imports and exports of permits is affected, and it is shown that an individual country loses
wealth to the benefit of all other countries, when it exports permits, and gains wealth at

the expense of all other countries, when it imports permits.

However, the perfect offset of variations in the tax rate by changes in the equilibrium
permit price turns out to be a special case that is typical only in models where the market
of emissions permits is isolated from all other markets. In general, market-interdependence
effects, i.e. repercussions of tax variations in markets other than the permit market, render
imperfect the offset between the tax rate and the permit price. We show this by means of
a numerical example in which one of the countries that initially exports permits eventually
starts importing permits following successive increases in the tax rate ¢,. As a consequence
of that export-import reversal the country switches from welfare gains to losses. Therefore,

the central message of the paper can be summarized as follows: the distributional impact

3 As we restrict our attention to cost-effective policies it is necessary to assume the tax rate to be uniform

across countries.



of variations in the emissions tax in the countries’ ETS sector is significant, and since in the
real world market-interdependence effects are not negligible, that impact is less clear-cut in

magnitude and direction than suggested by partial equilibrium analysis.

Those less clear-cut distributional consequences are specific, indeed, to the EU-type
emissions control as modeled here. To demonstrate that more clearly, we modify our stan-
dard model of two-sector economies with a joint ETS by briefly considering a model of
two-sector economies with separate national ETSs and, alternatively a model of one-sector
economies with a joint ETS. In both cases market-interdependence effects turn out to be
absent implying that the pertaining allocation and distribution is as in our standard model

with quasi-linear preferences.

The paper is organized as follows. Section 2 sets up the model and characterizes the
cost-effective allocation which is then decentralized in competitive markets by appropriate
emissions control. Section 3 presents the incidence of increasing the uniform overlapping
emissions tax in the ETS sector. In Section 4 we analyze modified versions of our standard

model and Section 5 concludes.

2 Cost-effective EU-style carbon emissions control

2.1 The model

Consider a group of n countries embedded in the world economy. The economy of each

country i (i = 1,...,n) consists of two sectors X’ and Y producing two consumption goods

x5 and ys; with the help of fossil fuel, e;; and ey;, by means of the production functions?

= X'ew) and g =Y(ey) M

that are increasing and strictly concave. The representative consumer of country ¢ derives
utility from consumption z; and y; of these goods according to the quasi-concave utility

function
Uu; = U’ (sz,yz) (2)

that is increasing in both arguments. Good X is nontradable, and hence domestic con-

sumption is required to match domestic production

4Upper case letters denote functions and subscripts attached to them indicate partial derivatives.



Good Y and fossil fuel are traded on world markets at constant prices p, and p., respectively.

All fuel input is assumed to be imported from the rest of the world.

Since CO5 emissions are proportional to the input of fossil fuel, we simply denote both
by the same symbols. Modeling the EU’s commitment in the Kyoto Protocol to reduce its
greenhouse gas emissions by 8 percent from 1990 to 2012 we assume that the group of
countries as a whole restricts its total emissions to some level® ¢ > 0. To meet that target
each country is assigned a national emissions cap ¢; > 0 like in the EU burden-sharing
agreement such that > ;¢j = ¢ In each country the national emissions cap needs to be

split up into two sectoral caps c,; and c,; satisfying
Ci = Cy; + Cyi- (4)
The sectoral caps are assumed to restrain emissions in the following way®

Cei =  Ca4, (5)

chi = Zeyi' (6)

2.2 The cost-effective allocation

Consider now a social planner aiming to maximize the weighted sum of the utilities of all
countries’ representative consumers subject to (1)—(6) and subject to the group’s consoli-
dated trade balance

Z [Py (Ysj — Yj) — Pe(€xj + €y5)] =0 (7)

vis-a-vis the rest of the world. Solving the associated Lagrangean

Zozj (75, 95) +Z)‘W I(e4s) +Z/\CJ — Cyj — €y)
+ A Z {py[Y(ey;) — ys] — pelew; +€y)} + Ac Z Cyj — €yj); (8)

J

a cost-effective allocation is characterized by the marginal conditions

Ui
7‘9 - Dy fori=1,...,n, 9)
aza Hoai
peiXl = pyYe = pe+ pe fori=1,...,n, (10)

>Throughout the paper we take ¢ to be smaller than total business-as-usual emissions > ; (exj +eyj).
SEquation (5) is required to hold for all i and is therefore more restrictive than the constraint j Caj =

>_jezj- The rationale of the differential treatment of the sectors X and Y is to model in the next section
the institutional setting of the EU where the ETS covers the sectors Y of all member states only while each

member state is obliged to implement the cap c;; in its sector X.



where g, = Ayi/An and pe == A/Ap, and where A., \;. The cost-effective allocation
requires consumption efficiency (9) by equalizing the marginal rates of substitution and
the price ratios across countries, and production efficiency (10) by equalizing marginal

abatement costs across sectors and countries.

2.3 Cost-effectiveness in the competitive economy

Having characterized in Proposition 1 the cost-effective allocation as a benchmark, we
now introduce into the model (1)-(7) competitive markets for good X with price p,; in
all countries ¢ = 1,...,n along with the following emissions control policies: There is an
emissions tax on good Y at rate ¢,;, an emissions tax on good X at rate ¢,; and the group
as a whole operates an emissions trading scheme (ETS) with mandatory participation of
all countries’ sectors Y. Henceforth we will refer to sector Y as the ETS sector and to
sector X as the non-ETS sector. To install the ETS, each country ¢ issues the amount
cyi of marketable emissions permits and allocates them to the firms in its ETS sector. A
competitive market for permits will arise with the aggregate supply being fixed at > ; Cyj
and with the aggregate demand ; €yj being determined by the permit price m, as to meet

the market-clearing condition (6).

In this institutional setting the profits of the aggregate sectoral firms are’

Pei X' (€4i) — (tai + pe)eai and pin (€yi) — Te(€yi — Cyi) — (tyi + De)eyi,
and the associated first-order conditions for profit maximization read
P2i X! (€i) = tai + Pe and pyY? (eyi) = tyi + pe + e (11)
The consumer of country ¢ maximizes her utility U? (z;, y;) subject to her budget constraint
Zi = Pzii + PyYi, (12)

where z; 1= g}, + g;i + tgi€ai + tyiey; is her income consisting of the firm’s maximum profits,
gs; and Gyis and the tax revenues, tg e, + tyey, recycled to the consumer in a lumpsum

fashion. The first-order conditions for utility maximization yield the demand function for
good X,

"The way profits are defined for the ETS sector implies gratis allocation of permits to that sector. Due

to the high level of abstraction of the model under consideration, allocating permits via auction would leave

the results unchanged.



Proposition 1. (Eichner and Pethig 2008 )
The equilibrium allocation of the competitive economy (1)-(6) and (11)-(13) is costeffective,
if and only if

tyi =1, and t,=t, forall i=1,....n (14)
and

ly = Te + ty- (15)

The important message of Proposition 1 is that a cost-effective allocation can be attained
by means of a policy mix consisting of an ETS and of emissions taxes satisfying (14) and
(15). There is a 'degree of freedom’ concerning the level of the (uniform) tax rate ¢, because
for the firms in the ETS sector it is the total price of energy input and emissions, p.+m.+1,,
that matters. The firms’ demand for energy and emissions permits depends on that total

price irrespective of what its components are.

Casual evidence of carbon emissions control in the EU suggests that none of the three
equalities in (14) and (15) are satisfied. There are positive non-uniform tax rates t,; in
various member states as shown in Table 1. Yet the rates t,; tend to be low relative to the
(implicit) tax rates t,; and the average permit price 7, was also very low during the first
trading phase 2005-2007 suggesting that t,; > 7, + t,; for many EU member states during
the last years.

Although Proposition 1 provides straightforward guidelines for improving the cost-
effectiveness of carbon emissions control in the EU, we will not elaborate on that issue
but focus, instead, on the distributional impacts of the hybrid EU-style policy mix. To
avoid coping with distributional consequences of cost-ineffective allocations we will restrict
our attention to cost-effective policies. In other words, (14) and (15) are assumed to hold
throughout the rest of the paper. It follows that for fixed national emissions caps, ¢;, the tax
rate t, (with ¢,; = t, all 7) is the sole autonomous policy instrument. In practice, employing
a uniform tax rate ¢, presupposes an internationally coordinated tax policy or alternatively,
a supranational fiscal authority fixing the tax rate ¢, and requiring all governments to set
the tax rate t, in their non-ETS sectors as to satisfy (15). We will make use of the latter

interpretation and refer to the supranational fiscal authority as the center.

Observing the cost-effective conditions (14) and (15), the center has some discretion
in fixing the tax rate ¢,. In fact, there is a range of tax rates ¢, supporting cost-effective

competitive equilibria with the following polar cases:

8See also the stylized analysis of overlapping regulation in Béhringer et al. (2008).



(i) Suppose the center fixes the tax rate at ¢, = 0 (box 1 in Table 2). The cost-effective
emissions control then consists of a tax-and-cap policy in each country’s domestic
non-ETS sector and an international ETS covering the ETS sectors of all countries.
Although in this case no overlapping regulation is employed both instruments are still

linked through the cost-effectiveness condition ¢, = 7.

(i) Suppose the center fixes the rate at some high level, say ¢, > 0, such that in the
resultant equilibrium total demand for permits equals total supply at price 7. = 0
(box 3 in Table 2). The cost-effectiveness condition then is ¢, = ¢,. A strange feature
of this scenario is that in spite of 7, = 0 the market for emissions permits is still in

operation. This polar case will play a benchmark role in the subsequent analysis.

It follows that associated to each t, € [0,t,] there is a cost-effective competitive
equilibrium (box 2 in Table 2). However, we do not yet know how these equilibria differ
with respect to the distribution of the countries’ income and welfare. Our goal is to explore
the distributive impacts of variations in t,. These effects will be investigated by means
of a comparative static analysis of our multi-country model in the next section. To ease
the exposition, we will omit some of the tedious calculations referring the reader to the

full-scale comparative statics in the Appendix.

3 Incidence of the uniform emissions tax overlapping
with the ETS

3.1 Comparative statics using general functional forms

In this section we start from an initial competitive equilibrium for some vector ¢ = (¢4, .. ., ¢,)
of national emissions caps and for some ¢, € [0,7,]. We will leave the national emissions cap

unchanged but will disturb the initial equilibrium by a small (exogenous) variation in ¢, and

determine the displacement effects characterizing the new cost-effective equilibrium reached

after the shock. Ultimately, we are interested in the associated redistribution of national

welfare as measured by changes in the utility of the countries’ representative consumers

which turn out to be (Appendix A)°

du; a;i0; — Bivi dme ity DL + dme
= ¢ (=2 R 1 Y7z ) Aeyi—, 16
Aidt, ! ( Vi ) (dty i > i ( Vi v dt, 16)
where o; = —I%)ée >0, B = — (YZ +pm1)(ée> >0, 6; = a; — Bit, DL, v = ;X! —

D} — (z; + ast,) D% In addition, A; > 0 is the marginal welfare of income in country 7 and

9For convenience of notation good Y is chosen as numeraire (p, = 1).
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Aey; i= ¢; — €4 — €y; is the amount of permits exported (Ae,; > 0) or imported (Ae,; < 0)
by country i. Although it can be shown (Appendix A) that a;0; > (3;y; and that v; > 0
under weak restrictions, (16) only yields limited information on the sign of du;/dt,. We are

able to infer from (16) that sign iT“; = —sign Ae,;, if t, = 0 and dn./dt, < 0, and that

d 7 . d e
Y20, 0ty >0,Ae, >0, 5%
dt, dt,

€] - 1,0

and if n¢_ = x;D!/z; is sufficiently small (see Appendix A). Yet in general, the sign of
du;/dt, is ambiguous for permit-exporting countries as well as for permit-importing coun-
tries. It crucially depends on the sign and magnitude of dr./dt, the specification of which
requires to explore how the permit market responds to variations in the tax rate ¢,. Since
the permit market is at the core of the EU-style emissions control we will investigate the

determinants of dm./dt, in more detail.

Observe first that in the initial equilibrium the equations (6) and (11) hold so that

the clearance of the permit market can be expressed by

Z [Exj(pzjv qﬂ) + Eyj(%)} = Z Cjs (17)
j j

where ¢, := p. + 7 + t,, and where E% () and E¥ (-) are sectoral demand functions for
energy and permits implicitly contained in (11). If in (17) the prices py1, ..., pen clear the
national markets for good X, equation (17) determines the equilibrium permit price, .,
for some given ¢,. Differentiating (17) with respect to ¢, yields, after some rearrangement

of terms,

xj dPxj dps;
% _ 1 Zj <EpiJTy]) _ 14 Zj (OU dtyy) |

dt, > (Es + EY) 2256

(18)

According to (18) changes in the tax rate t, are exactly offset by opposite changes
in the permit price m unless . [a;(dp,;/dt,)] # 0. This term is clearly zero in partial
equilibrium models where Y is the only consumer good. However, in market economies with
more than one consumer good, the interdependence effects dp,;/dt, will lead to dr./dt, #

—1, in general. In Appendix A these interdependence effects are calculated as

d i 51 A ZDZ d e 51
p — + ey z l _'_ = (19)
dty Yi dty Yi

From inserting (19) into (18) follows, after some rearrangement of terms,

dm. 1
e = - — (20)
Y 3L Aey;
1+ ——3=—5+
3. ;% —Bj;
J Y5



Not surprisingly, (20) allows for deviations of dm./dt, from —1 in either direction as does
(18). However, closer inspection of (20) shows that progress can be made in the special
case of utility functions taking on the functional form U? (x;, y;) = V(x;) +y; with V* being
increasing and strictly concave in x;. For that class of so-called quasi-linear utility functions
the income effect of the demand for good X is known to be zero (D! = 0) such that (20)
turns into dm./dt, = —1.

Proposition 2.
If the utility functions U® from (2) are quasi-linear the incidence of the emissions tax is

giwen by Table 3.

dﬂ'e dpm deyi dem- dAeyi dl’l dyz dZi dul
dty,Aey>0] -1 oo o] o [o]-]=-1]-
dt,Aei<0 -1 0 | 0] 0] o [o0]+]+]+

Table 3: Tax incidence in the general model in case of quasi-linear utility functions

It is easy to see that with D! = 0 (all 4) the ETS and the overlapping (uniform) emissions
tax are perfect substitutes in the sense that the total factor price, ¢ = p. + 7 + ty,
is unaffected by variations in ¢,. Since D! = 0 and since dm./dt, eliminates spillovers
between the permit market and the national markets for good X, the demand for permit
remains unchanged in all sectors and hence the permit market is unaffected. However, the
distributional incidence of tax shifts is pronounced: An increase in the tax rate ¢, benefits
permit-importing countries but reduces the welfare of permit-exporting countries. Since
dey; = dey; = 0, d(Aey;) /dt,; = 0 follows, i.e. a country’s permit exports or imports do

not depend on the level of ¢,.

Zero income elasticity of demand for good X appears to be a restrictive and unrealistic
assumption. As pointed out above it eliminates market-interdependence effects and thus
"isolates" the permit market which can then be studied as in a partial equilibrium model.
To gain further insights in the tax incidence without assuming zero income effects we will

resort to parametric functional forms of the Cobb-Douglas type.

3.2 Comparative statics using parametric functional forms
We now parametrize the model by introducing the Cobb-Douglas utility functions

Ul(as yi) = aliy; ", X'ew) = €5, Yi(ey) = ebe. (21)

xi)

10



With (21) the impact of variations in the tax rate ¢, on the permit price, 7., can be shown
(Appendix B) to be

dp:m d7Te d7Te
Q, g, TH ( - dty) (22)
L (1—a;)pzia; 7 . (1-=hy) o hige+a;(petme) (1—a;) | (>
where k; 1= em[(pe+7r;ai+ﬁiqe] >0, h; := > 0, fi = PiDai [ g aiqls - ] (2 0)

and p; 1= m > 0. According to (22), dp,/dt, # 0 is non-zero in general, and this
is true even in case of dr./dt, = —1.1% More specifically, for dr./dt, = —1 it follows from

(22) that dp,;/dt, > 0 for permit-importing countries and dp,;/dt, < 0 for permit-exporting
countries. If dm./dt, # —1, dp,;/dt, may be positive or negative.

Inserting (22) into (18) does not render the result more informative. However, taking
another route of comparative static calculations (Appendix B) we find

dm, 1

a, T Sk (23)
Zj Pjoj

hita;)ey;
(1-bi)a;

welfare, du,/dt,, is given by (16). du;/dt, remains ambiguous in sign although ~; is now

where o; := hae“” + ¢
7

> (. As in the model of Section 3.1, the change in the countries’

unequivocally positive. However, closer inspection of (23) reveals that dr./dt, = —1, if
a;=a and h; =h for alli. (24)

Note that with (24) countries may still differ with respect to their production functions for
good Y (b; # b;) and their national caps (¢; # ¢;) such that net exports and imports of

permits will be non-zero, in general.

A remarkable consequence of the assumption (24) is that in contrast to the special
case D! = 0, all 4, of Section 3.1 variations in t, do affect the market for good X: Combining
(22) and (24) shows that a tax hike d¢, > 0 will raise [lower| the equilibrium price p,; if
country ¢ imports [exports| permits. Moreover, we know from comparing (18) and (23) that
if (24) holds the opposite price changes of permit exporting and importing countries are
symmetric in the sense that . [a;(dp.;/dt,)] = 0.

Since ¢. remains unchanged, the demand for energy inputs of the ETS sectors does
not change either. On the other hand, the increase [reduction| in the price p,; induced by
dt, > 0 reduces |increases| the demand for energy inputs in the non-ETS sector of permit

exporting [importing| countries such that exports as well as imports rise. Since it can be

shown that A
. Cyi
lim 2 =0,
Aeyi_’o dty
10Recall that in the previous section Di = 0 for all ¢ implied dn./dt, = —1 as well as dp,;/dt, = 0.

Note also that with the Cobb-Douglas utility function the income effect on the demand for both goods is

positive.
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we conclude that the subsets of permit-exporting and importing countries are independent

of the level of ¢,. The comparative statics carried out in Appendix B yield

Proposition 3.
If the functions X*, Y and U from (1) and (2) are specified by (21) and if (24) holds, the

incidence of the emissions tax is given by Table 4.

dﬂ'e dpm deyi dem- dAeyi dl’l dyz dZi dul
dt, Aey>0] 1] = [ o] =] + [ =]-]-7-
Aty Dey <0 =1 + | 0 | + | = |+ |+ ]+ |+

Table 4: Tax incidence in the parametric model, when technologies of good X and

preferences are the same across countries

Comparing Table 4 with Table 3 reveals that in both cases we observe dm./dt, = —1 and
the qualitative changes in dey;, dy;, dz; and du; are the same. However, while in case of
D! = 0 (Table 3) both endogenous markets, i.e. the market for good X and the permit
market, remain unaffected, the parametric model satisfying (24) exhibits repercussions in
both markets. As an implication, the cost-effective split of the national emissions caps into
two sectoral caps depends on the level of the tax rate t, in the parametric model satisfying
(24) while it is unaffected by ¢, in case of D% = 0.

Apart from these differences, the restrictions imposed on the model in Propositions
2 and 3 have an important property in common: They imply that the derivatives of
all endogenous variables with respect to ¢, are either zero or unconditionally positive
or negative. In other words, there are functions v = wv(¢,) for all endogenous variables
U = Te, Dai, €xiy €yir DNeyi, Ti, Vi, 2, u; which are monotone or strictly monotone in the tax
rate ¢,. For that reason the comparative statics analysis does not only yield local infor-
mation’ for marginal variations in the tax rate but provides ’global information’ about the

properties of the functions v = v(¢,). The most relevant properties are highlighted in

Proposition 4.
Denote by Aey;(t,) and w;(t,) country i’s permit trade balance and welfare, respectively,
when the center has fized the tax rate at t, € [0,t,] and suppose the functional forms are as

specified in Proposition 2 or Proposition 3.

(a) If country i exports [imports| permits for some t, € [0,t,], it exports [imports| permits

for all t, € [0,1,].

(b) Permit-exporting [permit-importing] countries lose [gain] whenever the tax rate t, is

12



raised such that

ui(0) > w;(ty), if Aey >0 and u;(0) < u;(ty), if Aey <O. (25)

We conclude that under the conditions of Proposition 4 the distributional consequences of
variations in the tax rate ¢, are unambiguous. Unfortunately this feature does not hold in
general, i.e. if D! # 0 or if (24) does not hold, we cannot draw conclusions from marginal
information provided by the comparative-static analysis on the global properties of the
functions v(t,). In the next Section we will therefore resort to numerical analysis of our
parametric model aiming at global information on the functions v(¢,) when (24) is not
satisfied. Particular attention will be placed on whether and how dr./dt, deviates from
minus one, whether non-marginal variations of ¢, may lead to export-import reversals and

what the associated changes in the distribution of national welfare are.

3.3 Non-monotone changes in welfare: a numerical example

In this section we consider a parametric model of Section 3.2 for which condition (24) is
not satisfied. To make progress we consider a three-country model in which the parameters
take on the values a; = 0.2, ay = 0.6, a3 = 0.9, by = by = b3 = 0.5, ¢; = 0.605, c; = 0.6,
cs = 1.3, hy = hg = hg3 = 0.5, p. = 0.2. For this model we then compute the equilibrium
allocation as a function of the tax rate ¢, with the help of the tool Mathematica (Appendix
C) establishing

Proposition 5.
If in the parametric model of Section 3.2 the tax rate t, is successively raised, some permit-
exporting country may eventually tmport permits such that its national income and welfare

first decline but then increase.

The qualitative properties of the response of the entire equilibrium allocation to successive
increases in the tax rate are summarized in Table 5, and the Figures 1, 2 and 3 provide

additional illustration of some of the particularly interesting functions.

H Te(ty) ‘ Pai(ty) ‘ eyi(ty) ‘ €ai(ty) ‘ Aeyi(ty) ‘ i(ty) ‘ yilty)  zilty)  wilty) ‘

country 1 U-SH DECR
Ae,1 20 | DECR | CONV INCR | CONC | INCR U-SH & CONV
country 2 INCR INCR CONV | DECR | CONV
& INCR & CONV
Aeyo <0 CONV CONV
country 3 DECR CORV DECR INCR | DECR
DECR & CONV
Aeyz >0 CONC CONC | CONV | CONC
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(DECR~= monotone decreasing, U-SH= u-shaped, INCR= monotone increasing, CONV=

strictly convex, CONC= strictly concave)

Table 5: Equilibrium quantities and prices as functions of the

tax rate ?,: numerical example

A €yl Aey Ae 3
0003f 0zl
0.002
0001} 024
o1 o0z 03 @ 05 o022}
~oo0L
-0002 ) ) ) ) t ‘ o‘.z 013 o‘.4 015 ty
-0.003 01 02 03 04 05 Yy
Figure 1: Exports and imports of permits
21 29 Z3
110¢
1.1100F Loof
1.1095
ol 105}
11000} ’
1.1085 0.90+ 100+
11080}
y y y oty o0s]
01 02 03 04 o5ty ot 02 o3 o4 s 01 02 03 04 sty
Figure 2: National incomes
Ul U2

0.6162

0.6160 -

0.6158

0.6156

o5 ty / 02 03 04 05

Figure 3: National welfare

A few comments on the results are in order. Although the graph of the function 7. (¢,)

(see Appendix C) is clearly negatively sloped it exhibits little curvature, if any. Nonetheless

we safely conclude that dm./dt, < —1 because ey;(t,) =

increasing in ¢, for i= 1, 2, 3 and hence

14
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Country 2 imports and country 3 exports permits, and as in the model of Table 4 the levels
of imports and exports rise with increasing tax rate (Figure 2). Corresponding to these
changes the national income and the welfare in country 2 increase with the tax rate while

national income and welfare shrink in country 3 (Figures 2 and 3).

The striking feature of the numerical example under consideration highlighted in
Proposition 5 are the effects of successive tax increases on the allocation in country 1. As
shown in the left panel of Figure 1 country 1 first exports permits but becomes an importer
of permits when the tax continues to increase.!! Along with that reversal from exports to
imports the price of good X, the national income and national welfare of country 1 are
u-shaped functions of the tax rate (left panels of Figures 2 and 3). The observation that
export-import reversals are feasible and with them non-monotone welfare changes makes
it difficult to assess correctly the impact of tax hikes on the international distribution of

welfare.

4 Emissions tax incidence in simplified models

It is clearly the EU-type emissions control as modeled above that is crucial for our result that
national welfare may be non-monotone in the tax rate ¢, (Proposition 5). To further clarify
and reinforce that observation we will show in the sequel that non-monotone welfare changes
do not occur in modified versions of our standard model in which either the international
ETS is replaced by disjoined national ETSs or in which all national economies consist of
one sector only. In Section 4.1 we investigate two-sector economies with domestic ETS and

in Section 4.2 we turn to one-sector economies with international ETS.

4.1 Two-sector economies with domestic ETSs

We now assume that the group of countries does not achieve its emissions target Zj Cyi
through an international ETS but that in each country a domestic ETS is in operation such

that the emissions in country ¢’s sector Y are restrained by

Cyz' = eyi- (26)

"The same qualitative result is obtained by Béhringer et al. (2007) in their CGE approach for the case
that an overlapping tax is unilaterally levied by one of the EU member states. However, that policy not
only places an excess cost on the country levying an overlapping tax but it also is cost-ineffective from the
point of view of the group of countries. In the present paper we focus on variations in an overlapping tax

that is uniform across countries and hence does compromise cost-effectiveness.
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The two-sector model with domestic ETS is specified by (1) - (5) and (26), and the country’s

trade balance is given by

Py(Ysj — Ys) — Pe(€aj + €y5) =0 (27)

Profit maximization implies (11) and the consumer’s budget and demand function are
given by (12) and (13), respectively. Without loss of generality we restrict our attention to
a representative country and suppress the index i. Then the cost-effective allocation follows

from solving the Lagrangian

L = Ulz,y)+ M[X(en) — 2] + Aclc — ¢y — €,)
+ Au{py[Y(ey) =yl = peles +e,)} + Aclcy — €y). (28)

It is straightforward to show that the competitive equilibrium of an individual two-sector
economy with domestic ETS is cost-effective if and only if t, = pu., t, € [0, i.] and 7. =
e —ty, where pi, == A./A,. As in the previous section cost-effectiveness can be achieved by
levying an emissions tax in sector X in combination either with an emissions tax in sector

Y, or with a pure domestic ETS, or with intermediate policies combining positive tax rates
t, > 0 with an ETS.*?

The comparative statics in Appendix D of parametric changes in ¢, reveal

Proposition 6. Consider a group of countries each of which consists of a two-sector

economy and operates a domestic ETS. For such country it is true that

(1) an increase in the emissions tax rate t, is exactly offset by a reduction in the equilibrium

permit price (dm, = —dt,);

(ii) the cost-effective allocation and the country’s welfare are unaffected by small variations

m the emissions tax rate Ly.

Proposition 6 highlights the distributional irrelevance of variations in ¢, in the simple econ-
omy under consideration. Because the emissions controls of the countries are independent,
neither the ETS-only policy nor the tax-only policy nor any policy mix has allocative or

distributional displacement effects.

12Note that tax rates will tend to differ across countries in the model under consideration because the
countries’ emissions controls are no longer interdependent. As a consequence, the overall cap ¢ = ) ;G
is not implemented in a cost-effective way, in general, although each country’s emissions control is cost-

effective from the country’s domestic perspective.
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4.2 One-sector economies with international ETS

In this subsection we deviate from our standard model by assuming that the economy of
country ¢ consists only of a single sector, sector Y. Carrying over the notation from the

standard model, the model in the present section is given by

Ysi = Yi(eyi)a (29)
u; = U'(ys), (30)
c=) =) ey (31)
J J
Z[py(ysj —Yj) — Peby;] =0, (32)
J
pyY. = Te + tyi + e, (33)
2 = PyYi- (34)

(29) and (30) specify the production and utility function, respectively. The market for
emissions clears according to (31). (32) is the group’s consolidated trade balance, (33) is
the aggregate firm’s first-order condition of profit maximization and (34) is the consumer’s

budget constraint.

Determining the cost-effective allocation and decentralizing it in a competitive econ-
omy we obtain a special case of Proposition 1 where ¢,; = 0 for all ¢, which is obvious since
we eliminated sector X. In a group of countries with international ETS a precondition for
cost-effectiveness is an emissions tax ¢, being uniform across countries. Again we get an
equivalence regarding cost-effectiveness of the ETS-only policy, the tax-only policy and all
“convex combinations”. However, unlike in the model of the previous section, variations
in the tax rate now do have allocative and distributional effects. To obtain more specific
qualitative information on those effects, we investigate the impacts of parametric changes
in ¢, on cost-effective competitive equilibria in comparative static analysis (Appendix D).

The results are summarized in

Proposition 7. Consider a group of countries each of which consists of a one-sector
economy and all countries operate a joint ETS. The incidence of small variations in the

uniform emissions tax is given by

dm. | dey; | dAey; | dy; | dz; | du,
dty,Aey,; >0 =1 ] 0 0 — | = | =
dty,Aey,; <0 =11 0 0 + |+ |+

Table 6: Tax incidence in one-sector economies; Aey; := ¢; — €y,
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From Proposition 7 we infer that an increase in the tax rate t, is exactly offset by a reduction
in the permit price (dm./dt, = —1) thus leaving the firms’ production and input decisions
unaffected (dys/dt, = de,;/dt, = 0). Therefore the change in the consumer’s income is

given by
dz; = dy; = Aeydr, (35)

where Ae,; := ¢; —e,; is the amount of permits exported (Ae,; > 0) or imported (Ae,; < 0)
by country i. According to (35) increasing ¢, reduces the permit-exporting country’s income.
As an immediate consequence, the consumption of good Y declines and with it the country’s

welfare. All these effects are reversed in permit-importing countries.

To sum up, allocative and distributional effects vanish altogether if economies have
two sectors but ETS is domestic. Furthermore, one-sector economies with international
ETS exhibit the same allocative and distributional effects as two-sector economies with
international ETS and quasi-linear utility functions. It follows that a necessary condition
for non-monotone welfare changes is an EU-type emissions control in the sense that an
international ETS is established in a group of countries such that only some part of all

countries’ economies is covered by the ETS.

5 Concluding remarks

In a stylized way, our paper addresses distributional consequences of a hybrid regime of CO,
emissions control designed to capture the basic features of the regime applied in the EU
since 2005. Characteristic of the EU regime is an EU-wide international ETS that coexists
with national complementary and overlapping national emissions taxes. Restricting our
attention to cost-effective competitive equilibria we show that an increase in the rate of the
emissions tax levied in the ETS sector is exactly offset by a reduction in the equilibrium
permit price in the case of quasi-linear utility functions and for a class of parametric utility
and production functions. Since the reduction in the permit price lowers [raises| a permit-
exporting [importing| country’s income, permit-exporting [importing| countries lose [gain]
from an increase in the emissions tax. However, these results are not general, because
emissions tax changes may cause ramifications beyond the permit market. With the help
of a numerical example we show that an initially permit-exporting country may switch to
import permits when the emissions tax is successively increased. Hence, export-import
reversals are feasible such that initially welfare-losing countries may turn to welfare-gaining

countries and vice versa.
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Appendix A: Comparative statics of the general model

The cost-effective competitive equilibrium of the multi-country economy is completely de-

scribed by the following equations:

Z ¢j = Z(%‘ + €y;), (A1)

A2
A3
A4
% = Pailis T Yis — De(Cai + €yi) + TeCi — €ai —€yi), 1=1,...,n A5

(A2)

(A3)

(A4)

(AD)

Ysi = Y'(eyi), i=1,...,n, (A6)
(A7)

(A8)

(A9)

)

Tgi = Tj, 1=1,...,n,
Z’ .
T = X'(€4), i=1,...,n,

xi:Di(pm,zZ-), izl,...,n,

AT
A8
Yei:pe—l—we—i—ty, 1=1,...,n, A9
ty = e + 1y, (A10

Zz:p:mxz"i_yu izl,...,n,

p:mXé(e:m) = Pe + ta, i=1,...,n,

where without loss of generality good Y is chosen as numeraire (p, = 1). The variables
determined by (A1) - (A10) are ey, €yi, Tsi, Ti, Pais %, Ysis ¥i for i =1,... . n, m. and t,. The
tax rate ¢, is treated here as an exogenous parameter. It is convenient to compress the

system of equations (A1) - (A10) as follows:

ZCJ = (ewj +ey), (A11)

J

X'(e4i) = D"(pai, %), (A12)
2 = PaiX'(€4) + Yi(eyi) — Pel€ai + €yi) + T Aey;, (A13)
PeiXo(ews) = Y. (ei), (A14)
Yi(eyi) = pe + e + 1y, (A15)
Yi = Y'(eyi) — pelewi + €yi) + mleyi, (A16)

where Aey; = ¢; — e, — e, in (A13) is the amount of permits exported or imported by
country ¢. The equations (Al1l) - (A15) serve to determine 7, and ey, €y, p,; and z; for
i =1,...,n. Equation (A16) represents the current account balances, and it determines
y; after ey, e,; and 7. are solved via (All) - (A15). Our aim is to perform a comparative

static analysis to specify the impact on the economy of exogenous variations in the uniform
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tax rate t,. To that end (A11) through (A15) are now totally differentiated.

S+ Y ey =0 a7
J J

Xidey; — Dydpy; — Didzi = 0,

dz; = zidpa; + ty(des; + dey) + Aeydrme,

Xédpm + pmiXéedexi - Y;iedeyi =0

Yei dey; —dm, —dt, =0

e

To obtain (A19) we have differentiated (A13),
dzi = xszdpm + p:mXédem + deeyi - pe(dezi + deyi) + Aeyidﬂ-e - 71-e(de:m‘ + deyi)a
and then made use of (A14) and (A15).

Next we consider de,; = o~ (dm, + dt,) from (A21) in (A20) to obtain

1 X
de,; = —(dm, + dt,) — *—dpy;. A22

Summation of de,; from (A22) and de,; from (A21) yields

dem + deyi = Oéldpm — ﬁi(dﬂ'e + dty), (A23)
where «; := —pf)ée >0 and 3; := — (Yz + pmleg'e) > 0. Inserting (A23) in (A17) gives
Zj ;dpg;

== —dn. = dt,. (A24)
Zj ﬁj !
We take advantage of (A23) to turn (A19) into
dz; = (x; + a;ty)dpy; — Bity(dme + dty) + Aeydre. (A25)

We make use of (A22) and (A25) to transform (A18) into

0;(dme + dt D! Ae,dm,
dp,; = ldme £db) | DiAeydre (A26)
Vi Vi
where 6; := a; — ;t, D% and v; == o, X! — D; — (z; + ayt,) DL,
We insert (A26) into (A24) to obtain, after some rearrangement of terms,
DiAe, - Y
dme Y 2= 4 (dm 1) Y [‘” - ﬂj] —0, (A27)
- Vi ; j
J J
which in turn can be rewritten as
dm, 1
Te _ _ — (A28)
dt a; DI ]
Y >~ Aey;
I+ S
Z] J .7’\/‘7 J



Next, we differentiate the utility function (2) to get du; = Uldw; + U?jdyl- and use U“”_ =

5—5 = )\; to obtain
du
)\u = peidw; + dy;, (A29)

where )\; is the marginal utility of income (i.e. the Lagrange multiplier assigned to the

consumer’s budget constraint). From (A3), (A8) and (A10) we infer

3 (& (& t
dr; = Xidey; = Lt e hug, (A30)
Pzi

From (A16) we obtain with the help of (A15)
dy; = tydey; — (pe + me)dey; + Aeydrme. (A31)

Inserting (A30) and (A31) in (A29) gives

dul-
Ai

= (pe+me+1ty)des; +t,dey; — (pe+7me)dey; + Aeyidme = t,(dey; +dey;) + Aeydm. (A32)

or, equivalently,

dui dem- + deyi d7Te
=t Aeyi—-. A33
N, T @, S, (A33)
From (A23) it follows that
dea}i + deyi dpa:z dﬂ-e
—T W, -Gl —+1). A34
a, g, P (dty - ) (A34)
(A26) yields
dpi 6 (d DiAe, d
pm _ 3 Te + 1 + z eyz &. (A35)
dty Yi dty Yi dty
Making use of (A35) in (A34) yields
dem- + deyi _ Oél'éi - ﬁz dﬂ'e 1)+ oziDiAeyi dﬂ'e. (ASG)
dty Yi dty Yi dty
We take advantage of (A36) to turn (A33) into
du; a;0; — B dm ity D%+ dme
=1, | ——— 1 —V72 ) Aeyi—. A37
Adt, ( Vi ) (dty i ) i ( i “ dt, (431)
Lemma 1.
i e e 12 7
77;32<p+77'+y' - = v > 0. (A38)
Ly Daii
Proof. Observe that
i i i . buD; zDL
Vi =i X, — D), — (v + aity) D}, = a; X — x—ip o (@i + agty) i (A39)
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Making use of the definitions 7., := p”;?” and 7., 1= Z’mﬂ (A39) turns into

Ti | QiPai i Dwii | QlyPgi\
Vi = — [ Xe - nxp - ( + ?/7) 771zj| : (A4O)
DPai T; Z; 2
With the help of the Slutzky equation (in elasticity notation), formally n;p = nmp bects n;Z
with 7S = g;? - Lot < 0, (A40) can be rearranged to yield
T * lu=const.
i Xe ty ci
DPai Z; Zi
Finally, we consider (A7) to obtain
ﬁ_t_yi _pe+7Te+ty_t_yi o ty pe—l—ﬂ-e—l—ty_pa:ixii (A42)
o5 DaiTi Zi " puit ly z )
Lemma 2. The term «;6; — Biy; 1s negative.
Proof. Observe that
(6 51 — ﬁl")/z = 4 (Oél' — ﬁztyD;) — ﬁz [OéiXé — DIZ) — (.I'Z + Oézty)Di]
= (Oél' — BzXé) + ﬁz (l);7 + .%'ZD;) . (A43)

Making use of the definitions of §; and the elasticities n;p and n’_, and making use of the

Slutzky equation we obtain

Xi T; ; Pzi%i X! Ti
1t — W - : N — Z‘_? T c . A44
5 T Gy YZ * 5 Dzi (najp * Zq 77&:2) “ }/eze " ﬁ Pzi nzp ( )

Comparative statics for quasi-linear utility functions (Table 3)

While dr, and du; follows from setting D’ = 0 in (20) and (16), dp;, dey;, dey;, d;, dy;,
dz; follows from (A26), de,; = M , (A22), (A30), (A31) and (A25), respectively.
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Appendix B: Comparative statics of the parametric model

For the parametric functional forms U? (z;,5;) = afy; ™", X'(es:) = €li, Y(ey:) = el the

cost-effective competitive equilibrium is determined by

Yo =D (eaj+ey) (B1)

J J

hiz;
e = =, (B2)

DPazi
Zi = Paiy; t+ ezii — (g — ty)(eai + €yi) + ey, (B3)
Paiticyy | = bz‘@[;fl = Qe (B4)
bieli ' = qe, (B5)
Y, = ezlz - (Qe - ty)(ea:i + eyi) + TeCy, (BG)

where ¢, := p. + m. + t,. Note that (B2), (B3) and (B6) imply

Next we rearrange the system of equations (B1)-(B5). We make use of (B2) and (B4) to

get
€xiGe
- Goile BS
s (B8)
From (B4) and (B5) we obtain
a; €zife
Pri€e =~ (B9)
We rearrange (B5) and write
i Cyile
evi = ybi : (B10)
We make use of (B8)-(B10) in (B3) to get
l . Qe — ty| €0 — b—iqe +ty| ey — mec; = 0. (B11)
Total differentiation of (B1), (B5), (B6) and (B11) yields
Z(dexj—kdeyj) = O, (B12)
J
e .
de,, = ——L—(dm. +dt,), B13
Cy (1_bz‘)Qe( Te + y) ( )
dy;
z T (B14)
(1—hl)+azhl 1-19;
qu —ty| deg; — qu+ty dey; — dmeg
N e SCTT R el L VA S Rl /WL 7] O
+eu [ e dme + e dty] eyi [ b dm, + b, ] = 0. (B15)
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(B15) can be rearranged to read

deai 1 -0, hi€ai €y
o = Aeydm. — (b—iqe + ty) dey; + (dm. + dt,) ( i b_yl) , (B16)
where h; := % and p; 1= Bqﬂai(pﬁﬂ) > 0. Inserting de,; from (B13) in (B16) yields

after some rearrangement of terms

dem

R LyCy
= Ae,dm, — (dm, + dt {Zm—i— Lt L ] B17
Pi ! ( 2 @; (1 —bi)ge (B17)
In view of (B13) and (B17), the sum of de,; and de,; is equal to
dey; + dey; = —oipi(dme + dty) + Aeyipidme, (B18)
where o; := Bf’” + (?izl))zyz > 0. Next, we insert (B18) in (B12) to obtain
dm, 1
dﬂ'e Z p](O'] - Aeyj) = —dty ijaj <~ a0t = —m (B]_g)
j J Y - Lj pjoy
Totally differentiating (B4) yields
dpe; = ﬂdem + 25, + dt,), (B20)
which with the help of (B17) can be turned into
(1= ay)paips
dpyi = ————Aeydme + pi(dme + diy), (B21)
Cai

L hige+a;(pe+me) (1—ai)
where p; = ,inm‘[ = a:q: = - eziz

(A30), (A31), (B14) and (A33). We make use of (B13), (B17) and (B18) to transform
(A30), (A31), (B14) and (A33) into

]. dx;, dy;, dz; and du; have been calculated in

qepi qepi Ez‘ezi tyeyi :|
dl‘i = Ae z'dﬂ-e — dﬂ'e —+ dt |: —+ s B22
Dai ( v) Dei | Qi (1—b;)ge (B22)
hiem ty 1
dyi = —(pe + me)pileyidme — (dme + dty)p; o + =D Cyi + AR (B23)
(Pe + Te) piley; (dre +dty)pi [ hiew t, 1
ds = — dr, — )| (B24
g Th) ™ 0k | e G byg \ v ) B
du;
)z = —tyo;pi(dme +dty) + (t,p; + 1)Aeydm,. (B25)

The signs in Table 4 follow from setting dm. = —dt, in (B13), (B17), (B21)-(B25).
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Appendix C: Numerical example

In this Appendix C we show how we solved the equilibrium equation system in order
to simulate the graphs. Recall that for the special functional forms the multi-country
equilibrium is determined by (B1)-(B6). In the following, we transform the equations (B1)-
(B6). First, we eliminate the variables p,; and z; through substitution. Invoking z; = eig—f’”
from (B2) in (B3) we get

.1—O'i .
paet ) = g 1) et ) ¢ ()

Next, we insert py; = —%=, which follows from (B4) and (B5), in (C1) to obtain

a;—1)
Zzz

+ (g —t,)| = ezii — (G — ty)eyi + e

eb; — (ge — ty)ey; + e
Qe(lT;:) + (Qe - ty)
6 + Qe(l Jl)eyi + Te.C

- Lo . (C2)
Qe(l Z) + (Qe - ty)

a;0;

eyi

The equations (B1), (B5) and (C2) now determine the equilibrium values of e,;, e,; for all

¢ and m.. Next, we insert e, = <Z—8> " from (B5) in (C2) which yields

1
b, —1 b, —1
ge 7 qe(l 0'1) qe b; .

qﬁ(lazaaj) + <q6 —ty)

: (C3)

€ T Eyi =

which in turn is inserted into (B1) to obtain

b 1

1-b; 1— T—b;
)T e ()7
7 7

§:<' T => o (C4)

i Qem + (Qe - ty) i

Equation (C4) implicitly determines 7. as a function of t,, formally 7. = 7.(¢,). Then
we can compute ey (t,) from (B5), e;(t,) from (B4), Aey(t,) from (C3) , x;(t,) from
= X'(ex:), yi(t,) from (B6), z(t,) from (B7) and wu,(t,) from u; = 2!y, "

The missing graphs of the numerical example are presented in the Figures 4-8.
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Figure 6: The domestic price of good X
1=1 1=2 =3
ty=0|m=0|t=0|m=0|%t=0|mm=0
ty ty ty
Dai 0.811 | 0.811 || 0.590 | 0.771 | 0.149 | 0.970
i 0.149 | 0.150 || 0.334 | 0.409 | 0.664 | 0.572
Cyi 0.452 | 0.458 || 0.452 | 0.458 | 0.452 | 0.458
Aey; | 0.003 | -0.003 || -0.186 | -0.267 || 0.318 | 0.270
X 0.683 | 0.684 || 0.518 | 0.585 | 0.692 | 0.605
Yi 0.554 | 0.555 || 0.414 | 0.504 | 0.549 | 0.470
2 1.108 | 1.110 || 0.828 | 1.009 | 1.097 | 0.939
U; 0.615 | 0.533 || 1.097 | 0.543 || 0.616 | 0.811
Table 6: Numerical values for ¢, =0, 7. =0

27




x
0.6844
0.6842
0.6840

0.6838

€2

058F
057F
056
0551

0541

Y1

0.5548 -
0.5546 -
0.5544 -
0.5542

0.5540

_/0.1/9.7/ 03 04 05

ty 053F

0.1

02

03

04

05

T3

068
0.66

064

L L L L
0.1 0.2 03 04

ty

Figure 7: The consurhption of good X

Y2

050

048

Appendix D: Proof of Proposition 6

01 o035 04 05 ty

0.1

0.2

0.3

04

05

Figure 8: The consurhptibn of good‘ Y

Ys
0541
052
050+

0481

ty

<

02 03 04

05

The cost-effective competitive equilibrium of the two-sector economy with domestic ETS is

described by ¢; = e;; + e, and (A2) - (A10). This equation system can be compressed to
¢; = ey + €, and (A12) - (A16). Total differentiation yields

dem- =

—deyi,

Xédem - D;dpm - DidZZ = O,

Making use of (D1) in (D4) yields

dem- = —

Making use of (D3) in (D2) we obtain

Since in general —

dpz; = 0. With that observation we infer de,;

}/ei

e

dem- =
Xi o Dyt
pﬂCiX(Zze-i_YeZe szi

deyi

dz; = zidpai,
Xédpm + pa:iXéedeJ:i - }/eiedeyi = 0,

X
pxiXée + }/eie

X

—dm, —dt, = 0.

dpm"

dpm'-

D1)
D2)
3)
)
)

-,

D4

(
(
(
(
(D5

(D6)

(D7)

, (D6) and (D7) are satisfied if and only if de,; =
=dz; = 0 and dm, = —dt,.



Appendix E: Comparative statics of one-sector economies

For given prices p. and p, and for given emissions tax rate ¢, the cost-effective competitive

equilibrium is determined by

chj = Zeyja (E1)

Zi = DyYsi + 7"'eAei — PeCyi, 1= 17 ceey Ny (EQ)
Ysi = Y'(ey), i=1,...,n, (E3)
Zi = DyVi, i=1,...,n, (E4)
Y! = pe+metty, i=1,...,n, (Eb)
where Ae,; = ¢, — e, is the amount of permits exported or imported by country i. In

the following we carry out a comparative static analysis to specify the impact of exogenous
variations in the uniform tax rate t,. Without loss of generality we set p, = 1. Total
differentiation of (E1) - (E5) yields

0 = Zdeyja (E6)
J

dz; = dys +dn.Ae; — (pe + me)dey,, (ET)
dysi = YZdeyi, (ES)
Yide, = dm. +dt,. (E10)
Inserting (E10) into (E6) we obtain
1 dm
d dt — = =1 El1
@ttty =0 = (B11)
We make use of (E11) in (E10) to get
deyi
— =0 E12
i (E12)
and from (E8) we infer
dysi
= 0. E13
Next, we take advantage of (E11), (E12) and (E13) to rewrite (E7) as
dZZ‘

Y
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Finally, we insert (E14) into (E9) to get

dy;
dt

—Aey;, (E15)

Y

which in turn is inserted into du; = U;dyi to establish

dui
dt

= —UAey,. (E16)

Y

30



CESifo Working Paper Series

for full list see www.cesifo-group.org/wp
(address: Poschingerstr. 5, 81679 Munich, Germany, office@cesifo.de)

2517 Sascha O. Becker, Peter H. Egger and Valeria Merlo, How Low Business Tax Rates
Attract Multinational Headquarters: Municipality-Level Evidence from Germany,
January 2009

2518 Geir H. Bjonnes, Steinar Holden, Dagfinn Rime and Haakon O.Aa. Solheim, ,Large’ vs.
,Small’ Players: A Closer Look at the Dynamics of Speculative Attacks, January 2009

2519 Jesus Crespo Cuaresma, Gernot Doppelhofer and Martin Feldkircher, The Determinants
of Economic Growth in European Regions, January 2009

2520 Salvador Valdés-Prieto, The 2008 Chilean Reform to First-Pillar Pensions, January
2009

2521 Geir B. Asheim and Tapan Mitra, Sustainability and Discounted Utilitarianism in
Models of Economic Growth, January 2009

2522 Etienne Farvaque and Gaé€l Lagadec, Electoral Control when Policies are for Sale,
January 2009

2523 Nicholas Barr and Peter Diamond, Reforming Pensions, January 2009

2524 Eric A. Hanushek and Ludger Woessmann, Do Better Schools Lead to More Growth?
Cognitive Skills, Economic Outcomes, and Causation, January 2009

2525 Richard Arnott and Eren Inci, The Stability of Downtown Parking and Traffic
Congestion, January 2009

2526 John Whalley, Jun Yu and Shunming Zhang, Trade Retaliation in a Monetary-Trade
Model, January 2009

2527 Mathias Hoffmann and Thomas Nitschka, Securitization of Mortgage Debt, Asset Prices
and International Risk Sharing, January 2009

2528 Steven Brakman and Harry Garretsen, Trade and Geography: Paul Krugman and the
2008 Nobel Prize in Economics, January 2009

2529 Bas Jacobs, Dirk Schindler and Hongyan Yang, Optimal Taxation of Risky Human
Capital, January 2009

2530 Annette Alstads@ter and Erik Fjeerli, Neutral Taxation of Shareholder Income?
Corporate Responses to an Announced Dividend Tax, January 2009

2531 Bruno S. Frey and Susanne Neckermann, Academics Appreciate Awards — A New
Aspect of Incentives in Research, January 2009



2532 Nannette Lindenberg and Frank Westermann, Common Trends and Common Cycles
among Interest Rates of the G7-Countries, January 2009

2533 Erkki Koskela and Jan Konig, The Role of Profit Sharing in a Dual Labour Market with
Flexible Outsourcing, January 2009

2534 Tomasz Michalak, Jacob Engwerda and Joseph Plasmans, Strategic Interactions
between Fiscal and Monetary Authorities in a Multi-Country New-Keynesian Model of
a Monetary Union, January 2009

2535 Michael Overesch and Johannes Rincke, What Drives Corporate Tax Rates Down? A
Reassessment of Globalization, Tax Competition, and Dynamic Adjustment to Shocks,
February 2009

2536 Xenia Matschke and Anja Schéttner, Antidumping as Strategic Trade Policy Under
Asymmetric Information, February 2009

2537 John Whalley, Weimin Zhou and Xiaopeng An, Chinese Experience with Global 3G
Standard-Setting, February 2009

2538 Claus Thustrup Kreiner and Nicolaj Verdelin, Optimal Provision of Public Goods: A
Synthesis, February 2009

2539 Jerome L. Stein, Application of Stochastic Optimal Control to Financial Market Debt
Crises, February 2009

2540 Lars P. Feld and Jost H. Heckemeyer, FDI and Taxation: A Meta-Study, February 2009

2541 Philipp C. Bauer and Regina T. Riphahn, Age at School Entry and Intergenerational
Educational Mobility, February 2009

2542 Thomas Eichner and Riidiger Pethig, Carbon Leakage, the Green Paradox and Perfect
Future Markets, February 2009

2543 M. Hashem Pesaran, Andreas Pick and Allan Timmermann, Variable Selection and
Inference for Multi-period Forecasting Problems, February 2009

2544 Mathias Hoffmann and Iryna Shcherbakova, Consumption Risk Sharing over the
Business Cycle: the Role of Small Firms’ Access to Credit Markets, February 2009

2545 John Beirne, Guglielmo Maria Caporale, Marianne Schulze-Ghattas and Nicola
Spagnolo, Volatility Spillovers and Contagion from Mature to Emerging Stock Markets,
February 2009

2546 Ali Bayar and Bram Smeets, Economic and Political Determinants of Budget Deficits in
the European Union: A Dynamic Random Coefficient Approach, February 2009

2547 Jan K. Brueckner and Anming Zhang, Airline Emission Charges: Effects on Airfares,
Service Quality, and Aircraft Design, February 2009



2548 Dolores Messer and Stefan C. Wolter, Money Matters — Evidence from a Large-Scale
Randomized Field Experiment with Vouchers for Adult Training, February 2009

2549 Johannes Rincke and Christian Traxler, Deterrence through Word of Mouth, February
2009

2550 Gabriella Legrenzi, Asymmetric and Non-Linear Adjustments in Local Fiscal Policy,
February 2009

2551 Bruno S. Frey, David A. Savage and Benno Torgler, Surviving the Titanic Disaster:
Economic, Natural and Social Determinants, February 2009

2552 Per Engstrom, Patrik Hesselius and Bertil Holmlund, Vacancy Referrals, Job Search,
and the Duration of Unemployment: A Randomized Experiment, February 2009

2553 Giorgio Bellettini, Carlotta Berti Ceroni and Giovanni Prarolo, Political Persistence,
Connections and Economic Growth, February 2009

2554 Steinar Holden and Fredrik Wulfsberg, Wage Rigidity, Institutions, and Inflation,
February 2009

2555 Alexander Haupt and Tim Krieger, The Role of Mobility in Tax and Subsidy
Competition, February 2009

2556 Harald Badinger and Peter Egger, Estimation of Higher-Order Spatial Autoregressive
Panel Data Error Component Models, February 2009

2557 Christian Keuschnigg, Corporate Taxation and the Welfare State, February 2009

2558 Marcel Gérard, Hubert Jayet and Sonia Paty, Tax Interactions among Belgian
Municipalities: Does Language Matter?, February 2009

2559 Antonio Afonso and Christophe Rault, Budgetary and External Imbalances
Relationship: A Panel Data Diagnostic, February 2009

2560 Stefan Krasa and Mattias Polborn, Political Competition between Differentiated
Candidates, February 2009

2561 Carsten Hefeker, Taxation, Corruption and the Exchange Rate Regime, February 2009

2562 Jiahua Che and Gerald Willmann, The Economics of a Multilateral Investment
Agreement, February 2009

2563 Scott Alan Carson, Demographic, Residential, and Socioeconomic Effects on the
Distribution of 19" Century US White Statures, February 2009

2564 Philipp Harms, Oliver Lorz and Dieter Urban, Offshoring along the Production Chain,
February 2009



2565 Patricia Apps, Ngo Van Long and Ray Rees, Optimal Piecewise Linear Income
Taxation, February 2009

2566 John Whalley and Shunming Zhang, On the Arbitrariness of Consumption, February
2009

2567 Marie-Louise Leroux, Endogenous Differential Mortality, Non-Contractible Effort and
Non Linear Taxation, March 2009

2568 Joanna Begza-Bojanowska and Ronald MacDonald, The Behavioural Zloty/Euro
Equilibrium Exchange Rate, March 2009

2569 Bart Cockx and Matteo Picchio, Are Short-Lived Jobs Stepping Stones to Long-Lasting
Jobs?, March 2009

2570 David Card, Jochen Kluve and Andrea Weber, Active Labor Market Policy Evaluations:
A Meta-analysis, March 2009

2571 Frederick van der Ploeg and Anthony J. Venables, Harnessing Windfall Revenues:
Optimal Policies for Resource-Rich Developing Economies, March 2009

2572 Ondfej Schneider, Reforming Pensions in Europe: Economic Fundamentals and
Political Factors, March 2009

2573 Jo Thori Lind, Karl Ove Moene and Fredrik Willumsen, Opium for the Masses?
Conflict-Induced Narcotics Production in Afghanistan, March 2009

2574 Silvia Marchesi, Laura Sabani and Axel Dreher, Agency and Communication in IMF
Conditional Lending: Theory and Empirical Evidence, March 2009

2575 Carlo Altavilla and Matteo Ciccarelli, The Effects of Monetary Policy on
Unemployment Dynamics under Model Uncertainty - Evidence from the US and the
Euro Area, March 2009

2576 Falko Fecht, Kjell G. Nyborg and Jorg Rocholl, The Price of Liquidity: Bank
Characteristics and Market Conditions, March 2009

2577 Giorgio Bellettini and Filippo Taddei, Real Estate Prices and the Importance of Bequest
Taxation, March 2009

2578 Annette Bergemann and Regina T. Riphahn, Female Labor Supply and Parental Leave
Benefits — The Causal Effect of Paying Higher Transfers for a Shorter Period of Time,
March 2009

2579 Thomas Eichner and Riidiger Pethig, EU-Type Carbon Emissions Trade and the
Distributional Impact of Overlapping Emissions Taxes, March 2009





