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|. Introduction

The tradeable permit is an economic
instrument for environmental protection.
It renders the right-to-emit to the polluters.
The tradeable permit is designed to solve
the market faillure caused by the
non-existence of a pollution market. It
also forms the price of rights-to-pollute by
market creation, making pollution cost be
internalized. Many OECD countries
dready have tradeable permits systems.
Taiwan still has not implemented such a
system and hence the theoretical assessment
before policy implementation is extremely
important.

Most related theoretical literature in
the 1970s showed that tradeable permits
could achieve efficient equilibrium
outcomes. However, many empirica and
theoretical articlesin the past ten years have

shown that tradeable permits often result in

inefficient equilibrium outcomes.  The

possible reasons for such inefficiencies are
as follows: higher transaction cost,
simultaneous restriction of the total and
individual emissions, higher enforcement
cost, adverse effects on an independent
environmental innovator and licensor’s
innovation incentives, etc.

In this research, we establish a

theoretical model, in order to discuss the
pollution  abatement  incentives  of
oligopolists under a tradeable permit
system.
The benchmark model starts with a case of
monopoly. The  monopolist  can
endogenously choose its output quantity and
pollution abatement effort. In a
monopolistic market, if the targeted total
emission quantities are the same (E = E),
then the equilibrium pollution abatement
level and output quantities are the same
under an emission tax and an emission
quota

There are two polluting firms in the
duopolistic model, with the same

production and pollution abatement costs.

Both firms are able to choose from



pollution abatement and purchasing
tradeable permits. We want to prove the
following propositions: The firm with

higher production  efficiency  can

strategically purchase more  permits,
reducing its pollution abatement incentives.
The firm with lower production efficiency
may have alower per output emission level.

The emission tax will be used for
comparison with the tradeable permit.
Pollution abatement incentives of the
duopolists under the emission tax will be
examined. We aso intend to prove the
following proposition: Te tradeable
permit is not aways superior to the
emission tax, if firms are able to engage in
pollution abatement. We will then

compare the economic and environmental

effects of these two instruments.

II. The Monopoly Case under
the Emission Tax and the

Emission Quota

2.1 A Monopoly under the Emission

Tax

6

To compare with the case of a duopoly,
we start with the case of an environmentally
innovating monopoly. Theinverse demand
function of the market is

P=a-bQ, (1)
where P is the market price; Q is the
quantity produced by the monopolist. To
focus pollution abatement R&D decision
without losing generality, we assume that the
marginal production cost of the firm is zero.
There are two stages in this model: In the
first stage, the monopolist chooses its
pollution abatement in pollution abatement r
to lower its own emission per unit of output.
Following D’Aspremont and Jacquemin
(1988) and Katsoulacos and Xepapadeas

(1996a), we assume a quardratic pollution

abatement R& D cost function:
R >
R(r)=—r
(r) > (2)
where R>0. To simply the calculation, we
assume that the fixed margina cost of
production is zero.*

Therefore, in stage one,

the monopolist's profit maximization

! This assumption will not affect the qualitative

discussion.



problemis

Max . _ - .. R,
o T =(a-bQ)g-t(e-r)q Er,

©)
wheret isthe emission tax. Inthe second
stage, the monopolist’s profit maximizing
quantity is

a-t(e-r)

Q(r) = o

(4)
After we substitute Equation (4) into
Equation (3), the monopolist’s maximization

problem in the first stage becomes
Max 77(Q(r),r) =

at-tfe-n)’ o yatte-n R g
™ tle-r) o0 5! ®)

The second order conditions for the
monopolist’s profit maximization is 2bR — t?
> 0. Solving the monopolist's profit

maximization problem under an emission tax,

we obtain the pollution abatement level r* =

t(a_té) . *
—— 2 the output quantit =
bR —1° p q y Q
R(a——tez), emission level E = & - r =
2bR -t

ZbR—e—?t' Note that if the emission tax is
2bR -t

zero (t = 0), then Q = 2% and r' = 0.

That is, the monopolist has no incentive to

undertake pollution abatement if there is no

government regulation.

[Lemma 1] dL|t:0>O, OILEO;
dt at <
dQ’ aQ” >
d_lt:0< v T
t dt <
. 2 _
[Proof] dr :2at 4bRte2+22abR > 0.
dt (2bR-1°) <
dr’ 2
_lt:O:_>O;
dt 2bR
dQ’ _ R(2at—té—2bRé)iO
dt (2bR-12)> < '
dQ’ €
—|_,=——<0.
dt o 2b

Lemma 1 tells that if the emission tax
rate is low enough, an increase in emission
tax rate induces the monopoly to increase
pollution abatement R&D and decrease
output quantity. However, the government
can no longer promote emission abatement
R&D through raising the emission tax rate if

the tax rate is high enough.

2.2 A Monopoly under the Emission
Quota

The government can aso induce pollution
abatement by setting an emission quota ( E ).
To compare with an emission tax, we
assume that the targeted emission is the

same under the two instruments, that is E



x

= E. Therefore, the monopolist's profit

maximization problem becomes

Max

A R =
o 7=(a-bQ)Q 2r wE

st. (8 -rNQ= E,
(6)

where w is the price of one unit emission

quota. According to the constraint

(Equation (6)), Q and r must be
smultaneously determined when E s
given. Therefore, we are able to solve Q
and r simultaneously as if it is a one-stage
game. Solving the monopolist's profit
maximization problem under the emission

quota, we obtain the pollution abatement

R t(a-te) oA
level 1 = ———— | output quantit =
bR — 12 put q y Q
R(a——tez)’ and emission level E = &-f
2bR -t
_ 2bRe —at
2bR-t2

[Proposition 1] In a monopolistic market,
if the targeted total emission quantities are
the same (E = E), then the equilibrium
pollution abatement level and output
guantities are the same under an emission

tax and an emission quota.

Proposition 1 shows that under a

monopolistic ~ market  structure,  the

government can induce the same
environmental and economic results by
either an emission tax or an emission quota.
However, in Section Ill we are going to
show that an emission tax and an emission
guota with the same targeted emission

amount have different environmental and

economic impacts.

[I1. A Duopoly under the

Emission Tax and Quota

The aim of this article is to focus on

the duopolistic pollution  abatement;
therefore, the monopoly casein Section | isa
benchmark to illustrate the effect of market
structure  on the implementation of
environmental instruments. In this section,
we will analyze the duopoly case and

compare the results to the monopoly case.



3.1 A Duopoly under the Emission
Tax
In a duoplistic competition, there are
two firms which are indexed by 1, 2,
respectively. The two firms produce
homogeneous goods. The inverse demand
function of the market is
P=a-bQ, (1)
where P is the market price; Q = g1 + q; 1,
gz are the quantities produced by firms 1 and
2, respectively. The marginal production
cost of thetwo firmsiszero. There aretwo
stages in this game:  In the first stage, the
two firms choose their pollution abatement
in pollution abatement r;, i = 1, 2, to lower

its own emission per unit of output. The

pollution abatement R&D functions are

identical:
R
RM)=51,1=1,2 )
where R > 0.. In the second stage, the two
firms choose their output quantities
simultaneously. Therefore the profit

functions of the two firms are, respectively,

7= (a-bQ) ~tE-1)q o1’

i=1,2,j=12i%] 7

We apply the solution concept of
subgame-perfect Nash equilibrium (SPNE)
to solve this game (Osborne and Rubinstein
(1994)). In the second stage, firm i’s best
response in quantity is

w1 _
o} :%[a—te+2tri —tr].],
i=1,2j=1,2i#]j. (8)
It is clearly shown by Equation (7) that there
isastrategic effect of the abatement levels
on output quantities. Therefore, in the first
stage firm i’s profit maximization problem

becomes

Max 777 (0, r2), Go(re, 12), 1), i = 1, 2,

(9)
By the property of symmetry, the first order
condition for both firms’ profit maximization
is
gtq ~Rr=0, (10)

where q denotes the equilibrium output of
each firm.  Solving firms 1 and 2's
maximization problem simultaneously, we

obtain the SPNE pollution abatement level

rl** — rz** — *% — 4t(a_tezl the SPNE
9bR - 4t
output quantities qn. = o = ¢ =



m, and the SPNE total emission
anount E° = Q( & -r) =
6R(a - te)[9bRe - 4at]

l9bR - 4t2]° |

3.2 A Duopoly under the Emission
Quota

Instead, the government can also induce
pollution abatement by setting a total
emission quota ( E ) which is sold to the two
duopolists with the price w We assume
that the two firms split the quota (permits)

equally, that is, each firm has the emission

quota share % We denote the SPNE

duopoalistic pollution abatement, output, total

emission levels under an emission quota by

A

r:, él é,respectively_ Therefore, firmi’s

profit maximization problem becomes
Max

Fr=(@-bQQ- 7 -“E
Q.r 2 2 (1)
st. (e —r)g < %,izl, 2. (12)
IfE<@,thenqi: - . If E
3b 2(e-r)

> %,then f=f,=f =0. Thais, the

tota emission associated with two firms
profit maximization is strictly less than the

10

total quota. Therefore, the emission quota

is then a non-binding (ineffective) constraint.

We assume that E < 2;316 for the

emission quota constraint (Equation (12)) to

be binding at the solution. Therefore, the

best responses in pollution abatement are

ﬁ:é—i (13)
20, i#j,i=12

Thus, firm i’s profit maximization problem

becomes
Max R(_ E(1))
71, = (a-bQ)g, —— é——(—]
of 2 2q, \ g ,
i =1, 2. (14)

And by symmetry, the associated first order

condition becomes

O a—a3q-RE|e-E£ L —0.05
q 29)2q
$
A
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Figure 1: The Profit Functions of a
Symmetric Duopolist under the Emission
Tax and Quota
[Proposition 2] Under a duopoalistic
market structure,

if the targeted total

emission quantities are the same, that is, if

E = E”, then the pollution abatement
levels and output quantity under an emission
guota are both lower than an emission tax.

[Proof] By Equation (10),

2(2—:;'8)tq“ -Rr” =0 must hold. Along

with Equation (15), we

o, H=—[é—r**][—5tj<0
0g, g=q 3

obtain

Therefore, the duopolists' profit functions in
output quantity under an emission tax and an

emission quota, respectively, are as depicted

in Figure 1. Thus, we must have § < q”

which implies Q < Q”. Therefore, &

—-f > &-r whichimplies f <r".
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Proposition 2 tells us that an emission
tax should be more desirable to an emission
guota under a duopolistic competition in
regard with consumer surplus and pollution
This is because the

abatement levdl.

implicit collusion effect between the
oligopolists under an emission quota is
larger than that under an emission tax.
However, Proposition 1 says that
with the same targeted emission amount, an
emission tax and an emission guota have

the same economic and environmental

effects for amonopolistic market structure.

V. Concluding Remarks

From Propositions 1 and 2, it is clearly
shown that the environmental and economic
effects of an environmental instrument
crucially depend on the market structure
(Katsoulacos and Xepapadeas (1996bh)).
For a duopoly, an emission tax is superior
to an emission quota with respect to
emission abatement and consumer surplus.

Our theoretical findings are consistent

with many theoretical and empirical papers,



for example, Atkinson and Tietenberg
(1990), Laffont and Tirole (1996), Hagem

1998 , Starlund and Dhanda (1999),
Yates and Cronshaw (2001), Hannessy and
Roosen (1999), etc. They aso find that
tradeable permits may not achieve an
efficient market equilibrium.

Since an oligopoly is often seen in the
real life, an emission tax is hence superior
to an tradeable permit system with respect
to pollution abatement and the social
surplus. A tradeable permit system thus
cannot replace the emission tax. An
emission tax still more preferable for a

market of oligopoly.
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