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Abstract

The purpose of the paper is to narrow the gap between the widespread use of voluntary
agreements and research on the rationale of such approaches. A topical example are voluntary
agreements of many industries to reduce carbon dioxide emissions because of global
warming. If the industry anticipates that taxes and fees will be introduced in the coming years,

it seems rational to act in advance in order to mitigate the tax levels.

The conventional approach in strategic trade and tax models was to look at a two-stage
game where governments set taxes first and then firms react. In such a policy regime the
government is concerned about the international competitiveness of its firms and sets taxes
below marginal damages. In this paper, we consider a policy regime with a reversed timing.
Firms commit themselves in the face of emission taxes to abatement efforts and to lower
levels of the environmentally intensive output. Then the government introduces the tax. Under
this timing of strategies the tax is equal to marginal damage. Firms waive profit and reduce
output in order to use less of the polluting input. The reward for this behavior will be a less

strict use of policy instruments and hence lower abatement costs in the near future.
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Voluntary Environmental Agreements, Emission Taxes
and International Trade: The Importance of the

Timing of Strategies

1. Introduction ™

Some environmentalists express concern that in the presence of international trade and
globalization, governments may relax their environmental policies to give their domestic
producers a competitive advantage in international markets. Support for such concern was
given by models of strategic environmental policy and international trade which showed rent-
shifting incentives for governments to relax environmental policies. The focus of these studies
is the effect of government policy on international strategic interaction pioneered by Brander
and Spencer (1985) and modified by Barrett (1994), Conrad (1993, 1996), Kennedy (1994)
and Ulph (1992) to take account of environmental pollution. While these studies appear to
rationalize environmental policies, there are also studies which come to an opposite
conclusion or provide reasons why the incentives for government to relax environmental
policy are low. This is the case for price-instead of quantity-competition (Barrett (1994)),
general equilibrium effects in factor markets (Rauscher (1994)), or both governments and
producers acting strategically (Ulph (1996)).

The model of the firm and government behavior in all papers is based on a two- or
three- stage game played by a number of firms, located in different countries, and by two rent-
shifting governments. In the first stage, governments choose their environmental policy
instruments to regulate environmental quality. In the second stage, firms decide on the level
of abatement activities and choose output levels. The second-stage equilibrium is a Nash
equilibrium in outputs, taking emission tax rates as given by the preceding stage. Such a
timing leads to eco-dumping because the results recommend that environmental policy
instruments be adjusted downward in order to prevent declining domestic output and
increasing profits of the competing country. However, as pointed out by Carmichael (1987)
and Gruenspecht (1988) in the context of export subsidies and international competition, the
timing of actions may well be crucial. They consider trade policy models, such as Brander and
Spencer (1985), in which firms set their prices first and then governments set subsidies. Their
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results underline the importance of timing and the distinction between the effects of policy
regimes and of policy instruments. We will therefore reverse the timing in our model (Conrad
(1993)) in order to reconsider the incentive for eco-dumping. We use a timing structure in
which output and abatement decisions precede the setting of environmental policy
instruments. Such a timing allows firms to recognize the impact of their decisions on the level
of the tax chosen by the government. If firms anticipate the introduction of emission taxes
they might produce less of the polluting good and engage more in abatement activities than if
taxes were set before private competition occurs. If this environmental consense emerges
from our model we consider this phenomenon as a voluntary approach. Voluntary agreements
in the field of environmental policy have become a wide-spread approach to which firms
adhere individually and on a non-mandatory basis. With the time structure of our two-stage
decision model it is possible to provide a rationale for such a firm policy in the face of
emission taxes.

With the use of more than 300 voluntary approaches across the European Union, this
instrument has become a new environmental policy option. A topical example is the voluntary
agreements of many industries to reduce carbon dioxide emissions because of global
warming. Other examples are voluntary agreements by the motor vehicle industry to take care
of an environmentally appropriate disposal of used cars or to produce a five, or even three,
liter car. Voluntary agreements vary from one institutional context to the other. EU member
states mainly use voluntary agreements that are negotiated between an industry organization
and public authorities. As an introduction of environmental taxes or their extension to waste,
water or other pollutants is still discussed, voluntary agreements are linked to other policy
instruments and to many environmental problems. The re-acceptance of packing material by
the seller is another example. However, compared to the widespread use of voluntary
agreements, research remains relatively underdeveloped. Handbooks surveying the state of
the art, pass over in silence the field of voluntary approaches. This is in sharp contrast with,
for instance, environmental taxes and tradable permits. To our knowledge, the only economic
analysis of the use of this new policy instrument is by Segerson and Miceli (1998). In their
article, the important question is addressed of how the level of abatement under a voluntary
approach is likely to compare to the first best level or the level that might have been imposed
mandatorily. The authors use a threat model (in combination with a subsidy) to determine
whether voluntary agreements are likely to lead to efficient environmental protection. The

conclusion from their model are similar to ours. Their model is based, however, on bargaining



power between the firm and the regulator and on the role of legislative threats, whereas our
model is in the spirit of strategic environmental policy in the face of market share rivalry.

The structure of the paper is as follows. In the next section we set out the structure of
the model. In section 3 we compare the outcome of a two-stage game under different timing
structures. We distinguish different institutional settings in terms of cooperate and of non-
cooperate emission taxing. In section 4 we set up a three-stage game where the engineers
decide on the degree of abatement, then the governments decide on the tax levels, and finally
firms compete in quantities. Whereas in these sections an emission tax is the policy
instrument, in section 5 the government sets a standard. In section 6 we offer some

conclusions.

2. The Basic Model

We begin with a model in which firms compete in a third market and governments choose
emission taxes to maximize national welfare. A third market model is one in which one or
more firms from a domestic country and one or more firms from a foreign country compete
only in a third market. These firms therefore produce only for export. Lower case letters
denote the domestic variables and capital letters the foreign variables. The domestic firm

produces outpuk at costc(x, o a 1)), where q(I)] is the price of the polluting inpatlt
consists of the basic priog,, the cost of abatemeog, and the costs from taxing non-abated

emissions:
(2) g(a,t)=q + caldler - g e

ca=cd g is the unit cost of abatement which depends on the degree of abatement activity
a(0<ax<1l), eis an emission coefficient of the input (e.g., tons of B€ ton of input), and
t is an emission tax rate. We assumm& > ald ca,, > 0 (using subscripts to denote

derivatives). Withr for revenue, the domestic firm maximizes prafit

(2) max 77(x, X ;t)=r (x,X )= c(x, q(a D)

Similarly, the foreign firm maximizes profii :



(3) max NxXT=RxX¥- CXQAY,

whereQ is similar agyin (1)?

The governments wish to maximize profit of its national firm less damage from global
emissions plus the revenue from the emission tax. A global pollutant implies that non-abated
foreign emissions also have an impact on national damaged(tP}sthe convex damage
function from total pollutionP = (1- a)el\+ (1- A €1V wherev andV are the quantities of

the pollution intensive inputs which can be derived from Shephard’'s Lemma,(xeq) = v

andC, (X, Q) = V. The objective of the domestic government is:
(4) max w;T)=rx,X)-c(xq(at til- a&v d i

Similarly, the objective function of the foreign government is

() max W(T;t)= R(x, Xy AX AADF Tl- Aev DPp

3. The Timing of Actions in Case of a Tax

In all strategic trade models with environmental background, taxes are set before private
competition occurs. In these two-stage games of complete but imperfect information
simultaneous moves within each stage occur. In stage one, the domestic and foreign
government simultaneously set tax rateand T. In the second stage, firms observe the
outcome of the first stagé,and T, and then simultaneously choasand X and decide on
abatement efforts. The payoffs améx, X,t, T) and w(x, X,t,T) (M,W respectively) The

first step in solving the game by backwards induction is to solve the game between the two
firms. We will denote the unique Nash equilibrium (which we assume to existFl¥(t, T)
and X = )A((t, T). The abatement efforts aégt) and A(T). Now the first-stage interaction of

the two governments amounts to simultaneously choosiagd T. The payoffs for the

domestic country arerm(X(t,T), X(t T),t T.4), A7) andw(]. The sub-game-perfect

L All other input prices are constant and have been omitted as arguments in the cost function.
% The emission coefficiertis assumed to be the same in the two countries.
® These two-stage games are standard textbook material, see Gibbons (1992).



outcome of this two-stage game 7i$(f, ), X(1, 1,1 T. 49, A7) etc. withf,T as the

Nash equilibrium of the first stage. The conclusion from this model was denoted as eco-
dumping (Rauscher (1994)); the emission taxes turned out to be lower than marginal damage:

(6) f<md(|5) . T< M[ﬁ)

whereP = ((1— gev+(1- A eﬂA\). The Pigouvian tax, i.e., marginal damage value, should be

adjusted downward to keep a greater share of the output of rent-earning domestic industries.
A high tax rate depresses domestic output and increases revenue of the competing country.
In order to determine the degree of abatement, a, we maximize (2) with respect to

which is equivalent to ming(a t). The FOC is

dqg
7 =(ca [+ ca- )= 0;
©) T (ca, Ca+ ca— §

l.e., the marginal cost of abatement is equal to the tax rate. (Similarly for the foreign firm).
We observe that the degraes only a function of t and independent franor X. Reaction
functionsa(A) and A(a) are rectangular to the axes and there is no game in the degrees of
abatement. We assume thaandA are chosen prior to production.

As in any economic policy, also in environmental policy can the timing and the
distinction between the effects of policy regimes and policy instruments be important. The
world-wide use of voluntary approaches is evidence that firms appear to choose quantities and
degrees of abatement prior to the setting of emission taxes by the government. This motivates
to consider models in which quantities and degrees of abatement are set before governments
choose emission tax levels. Firms can affect tax levels via their output levels and abatement
policies. Tax programs are likely to be established only when there is a coincidence of
government interest and private consense. To obtain a sub-game-perfect outcome, firms now
move first and compete in output levels and abatement efforts. In the second stage,
governments observe the outcome of the first stag€,a andA, and set environmental tax
rates. This time the first step in solving the game by backwards induction is to solve the game
between the two governments. The Nash equilibrium(is X, a, A andT (x, X, a A. The
first-stage interaction of the two firms amounts in simultaneously choasamgi X, and in

deciding on abatement efforts. The sub-game-perfect outcome of this two-stage game is



n(x, X, t(x,X,a,A), T(x,’X, a A), a, A
and similarly forw with x*, X as the Nash equilibrium of the first stage.

The FOC from maximizing the objective function (4) by the domestic government is:
W, =-C q+(1-adw (1- aey - mdl- )agv,g0.

The government considers the outpuendX as well as the degree of abatemenémdA as

fixed, but can use the tax to accomplish production processes which use less of the emission

intensive inputy = v(x ¢(9). Using Shephard's Lemnia, = v) andq, = (1~ a)e yields

(8) t=md( R x X a At7)

with P(Q=(1-ael x g a})+(1- A&V X Q A)). Similarly, the FOC for the foreign

government is:
(9) T=MD(P(x X,a AT}

with P([} as in (8). The solutions to (8) and (9) depend on domestic and foreign output levels

and degrees of abatement. They can be written as
(10) t=t'(x,X,a A , T=T(xXah

Output affects the derived demandsx) and V(X) for the polluting input, the cause of
environmental damage, and hence the emission taxes.

The firms anticipate the effect of their output levels and abatement efforts on the tax
rates. The direction of this effect follows from total differentiatiort @hd T in (8) and (9)

with respect toax, X, a andA:*

de_d"(P)

(1) da Q

(-v+(1-a)y, q)<0

* For a proof see the Appendix.



asv,<0,q,>0 andd” (P)>0 by assumption. Sinc® =w, W - w; W, >0, uniqueness



and global stability of the equilibrium is ensured. Similarly, we can show:

:m(l—a)vX >0

dt
12 —
(12) dx Q

asv, >0. If marginal damage increases sharply and firms would voluntarily raise the degree

of abatement and reduce output, they could expect lower taxes in the second stage. Similar

expressions can be derived fgwtt <0 andﬂ >0.
dA dX

If in the first stage of the game, the firms charge X, anda or A, then the reaction
functionst =¢(T; x, X,a A andT =W (t;x, X, a A, derived from (8) and (9), will shift and
the tax rates will change. If the domestic or foreign firm raises its output level, then the
domestic (and foreign) government will set a higher emission tax. If the firms choose
(voluntarily) a higher degree of abatement, then the government will set lower emission taxes.
A government’s Nash equilibrium level of taxes is increasing in output levels and decreasing
in abatement efforts.

If the firms anticipate that the second-stage behavior of the two governments will be
given by (10), then the first-stage interaction follows from choosiagdX such that (2) and

(3) will be maximized:

(2) max (X, Xt (x, X, a, A)
(3) max M(x,X;T (% X, a A).

The FOCs are

nX:rx—cX—cqmt%:O
or
ot
(13) r,—c,—Vv(l-a) eﬂz 0
and
(14) R-C,-V(i-Aedl=0

S
X
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As the tax will increase with higher production of the pollution intensive good (see (12)),
firms act strategically by producing a lower outputthan in the case of reverse timing. In
the latter case, the solutioR comes fromr —c =0, hence k> x. Under voluntary
agreements in the face of an emission tax, the firms will produce less than in a policy regime
where governments anticipate the second-stage behavior of the firms.

The FOC with respect @is

m, =—C q+qtﬂ =0
: "W da

or

(15) (ca [a+ ca— h+(1- a)% =0

(Similarly for A). As the tax will be lower if a higher degree of abatement is chosen by the
firm (see (11)),a will be set higher thard from (7), obtained under the reverse policy
regime.

Under the reverse policy, was below its marginal damaged X X "a A due to rent -
shifting considerations by the two governments. In the policy regime under consideration,

is also belovvmd(x X a AA becausex"< % a’>%3 X'< XandA”> A However, the taxes

are equal to the Pigouvian tax:

t'=md x, X, &, A)
T = MD(x’, X°, &, A)

Although voluntary approaches widely vary from one institutional context to the other, they
all have in common to mitigate the environmental tax policy. Firms cooperate by announcing
or choosing high degrees of abatement and reduced production levels, knowing that the
renounced profit will be compensated by lower taxes in the tax stage.

We finally discuss the cooperative equilibrium if both governments jointly maximize

international (two — country) welfare. In this case they maximize

(16) max TW(t,T) = w(t;TH W(T,?)
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with w(t; T) andW(T; ) as defined in (4) and (5). If governments move first in choosing tax

rates, anticipating firms reaction on the tax levels, the simultaneous solution of the two FOCs

is®

fo00p = Md+ MD- R
(1-a)lely,

Tpop= M+ MD-—— X
(1-A) el

Because ofR <0, r, <0, cooperative tax rates should be even higher than the sum of the
marginal damages in both countries. Since national production exerts a negative externality on
the other country’s revenue, a cooperative agreement takes this aspect into account.
If we reverse the timing and the government maximize (16) in the second stage of the
game, then we obtain from solving the FOCs:
ey = Tisop= M MD

Tax rates should be equal to the sum of marginal damages and should be the same for both

countries. Total differentiation of these FOCs yiélds:

*

dt;009< dtNash<0.
da da

If the firms choose voluntarily a higher degree of abatement at the first stage of the game,
then the governments response at the second stage with a higher tax reduction when there is
cooperation in environmental policy. Similarly, it can be shown that the following inequality
holds:

*

d tCOOP > d tNash >0_
d x d x

® See Conrad (1993)
® For a proof see the Appendix
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A commitment to reduce output and hence the use of polluting inputs will be rewarded by a
higher tax cut if government cooperate at the second stage. Again, if the firms anticipate the
behavior of the cooperating governments, they will produce lesssthascording to (13),

and will choose a higher degree of abatement, according to (15).

4, The Timing of Actions: Abatement, then Taxes, and then Output

Most of the strategic models are set up as three-stage games. At the policy stage governments
set, say, taxes. At the technological stage firms choose R&D or abatement efforts, and at the
third, the market stage, price or quantity competition takes place. In this section, we begin
with the technological stage because an irreversible action could be a strategic advantage for
the firm when tax rates are chosen by the governments. The three stages are as follows:

Stage oneThe engineering department decides on the degree of abatement by anticipating
that the level of a tax rate on emissions will depend on the observed abatement behavior of
firms.

Stage two The governments observe the abatement behavior and decide on emission taxes,
being aware that the level of those taxes will influence the international competitiveness of
their firms.

Stage threeFirms compete in quantities, given the degree of abatement chosen by their
engineering departments, and the tax levels set by their governments.

We solve by backward induction, i.e. by solving the 3. stage, givant andT. From
the FOCg, =c, andR, = C, we obtain by total differentiation (Conrad (1993)):

dx
<

dx
== >
dt

dX dX
= >
dT

—>0 , —<0.
dt

(17 dT

0, 0,

The Nash-solution of the gamexs(t, T) and X' (t, T). Next, we solve the second stage:

mtax mx@E,T),X(ET)tHtl- a)ddw d P.

The FOC is
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dx dX
+

dg EEE dx dq]
m, — —=Cc,—+(1-2a) elv+ (1- —+vV
“dt “dt O dt (1-a) -3 ¥t

" dt

dx dqg dX
-md(1- —+v,— [+(1-Ael,—1|=0
mtﬁ( 3 €y g S )exdt}
Using 7, =0 from the behavior of the firng, = v (Shephard's lemma), an%l% =(1-a)e,

we obtain

dx(+) dx(+)
+md{1- A €]
dt - Ak dt

(1-a) e{\& fjbt( +v,(1-3a) e}
) )

—r
I

t=md+
(18)

The numerator is positive and the denominator is negativet 4t 1sd, the tax policy for eco-
dumping as derived in Conrad (1993). Eq. (18) is an implicit reaction funictia(T; a, A).

In a similar way, T =T(t a A can be derived. The Nash-equilibrium in the tax rates is
t" =t(a, A) andT =T(a A.

In order to know how the degrees of abatemarandA, will shift the tax reaction
functions of the government, we have to determine the signdtafa or dt/dA
Unfortunately, total differentiation of (18) and of the equivalent equatiof fisra terrible
task. We tried it but dropped the fraction in (18). Then, the system for total differentiation of

andT with respect t@ andA is:

t-md(1-3 eNXtT, ap+d- ABV &Kt Q.A))=0

(19) .
T-MD(L-a) el X1 T, gapn+@- A BV KtE QA)=0
We obtain
dat _d”
(20) 1o T lCevr - ey 9 (1-(1- Aey QD)
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wherel >0 is the determinate of the two-equation systerdtianddT, derived from (19).

Sincevq <0,V,<0, itis

dt
21 —<0.
(21) ia

The first term in the brackets in (20) represents the effect of a higher degree of abatement on
less emissions form reducing the ingaeY) and from substitution 1¢a ey, q .)The
second term represents the foreign country effect on the domestic government response to a
higher degreea. If no substitutes are available in the foreign countwy <0 , then the
domestic firm anticipates that the tax rateill be lowered by a smaller rate in response to a
higher degreea than if substitutes are availabM,(<0 . I a similar waydt/dA<0Q can be
proven.

Finally, we solve the first stage, the problem of the engineering department to choose

an environmentally friendly production process. Equivalent to

max 11 is  minc(x,q a,t(a, A}); the FOC isc 8, =0 or
, at
(22) ca [a+ ca— t+(1- a)ﬁ =0.

We can conclude from (21) that the engineering department will choose a higher aegree
than in the case of reverse timing (. Ast =t (a, A), the FOC (22) is an implicit reaction
function a=a (A). By totally differentiating (22), we obtain a negatively sloped reaction
function da/dA<O0; the degrees of abatement are strategic substitutes. If the foreign
engineering department chooses a high degree of abatement, this will improve the
environment, and marginal damage, i.e. the domestit, tail turn out to be lower. It then
minimizes costs to lower the abatement effort,a.eWe finally summarize our game in a

figure:
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1. stage: a ¢——» A engineers
2. stage: t=t(a A T=T(a A governments
3. stage x=X(tT) X=X (tT) firms

In terms of our interpretation of voluntary agreements, firms anticipate that the level of the
coming emission tax will depend on the abatement efforts shown prior to the introduction of a

tax. They bear higher costs of abatement at the first stage in order to save tax expenditure at

the second stage. If the firms would produce the same output feweld X, obtained under

eco-dumping, it is obvious that the tax rates under voluntary agreements will be lower, i.e.
t'@,A;%X<t3a AX N, because formula (18) for the tax rtis the same under either
timing. With lower taxes™ and T~ at the third stage, the profit maximizing output levels
x"and X" will be higher thark and X (same conditiom, =c, in either cases). Therefore, also

the increase in profit from higher output compensates for the higher abatement costs in the
first stage. Sincex{’ X 3 % X must hold, this implies/’ < §, i.e. the cost increasing effect

of a" > & must be lower than the cost raising effect of

5. The Timing of Actions in Case of a Standard
In this section, we assume that the behavior of the governments is characterized by a game in
the degrees of abatement. In that case, the domestic government maximizes at the second

stage of the game the welfare function
max w(a,A=1(x,9- ¢ xq - ¢ p
The FOC is

(23) w, =-vi, - md B~ De(1- pEy 4=0

"t <f{ is a sufficient, but not a necessary conditioncfok §.
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or, casted in terms of elasticities,

(1-a)

(24) md( P [1+ v Eq,a} =ca[a+a

whereq, = el{cd Ca+ ca>0 ande¢,, is the elasticity of the input price with respecttdf
the elasticity of demand for the pollution intensive inpjt,, is zero, then the degree of
abatement should be chosen such that marginal cost of abatement is equal to marginal
damage. If substitution away from the input is possible, then the term in the brackets is greater
than one, and this implies a higher standardas a hint to make use of the substitution
possibilities. The reason for this adjustmenta$ that our standard applies to reductions in
pollution per unit of the polluting input and does not allow for abatement by substitution
between inputs (for example, low sulfur coal for high sulfur coal). This is why, when no
substitutes are available, , = 0), mdis equal toca’ Ca+ a’

The condition (23) is an implicit reaction function of the domestic government
because® depends o\. Furthermorey depends o, andV on X i.e. a=r(A; x, X). Total
differentiation of (23) and of the corresponding conditpn=0 for the foreign government

shows that the Nash equilibrium in the degrees of abatement are increasing in the firms

output levels,

(25) E1>0 : OI—A>0.
d x dX

If the firm anticipates that the standard setting policy of the governments will be given by

a=a (xX : A= K (x X

8 An alternative formulation of introducing a standard could be
max w(a,A = 1(x,X) - ¢ x,o(a) st (1- pEv(1- AGY P

whereP is total emission permitted. The FOC is identical to (23) except that a Lagrange variable, the shadow
cost of emission, replacesd
° For a proof see the Appendix
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then the gquantity game follows from maximizing (2) and (3), but now only with respect to
andX. The FOC for the domestic firm is

da _

7TX :rx _CX_VmaH—O

and similarly for the foreign firm. Again, the anticipated effeck oha will shift the reaction
functions in anx— X diagram downward and the Nash-equilibrium levels of output will be
lower. Due to the expected stricter regulation under high levels of the pollution intensive
output, the firms will voluntarily decide to reduce outputsand X™ . They waive profit by
restricting output in order to save costs when the governments introduce the standards.

We conclude that in case there are no substitutes for the polluting input, then the

standardsa” (X, X ) and A" (x", X ) will be less strict since the value ofd( X", X )

will be lower thanmd(% X . If substitution possibilities exist, the standards could be stricter
at the second-stage due to its inflexibility in being fixecdhibOO percent of a certain input.

However, voluntary agreements by the firms to produce less will weaken these standards.

5. Summary and Conclusion

Voluntary approaches in the field of environmental policy have now become popular
worldwide. If the industry anticipates that taxes and fees will be introduced in the coming
years, it seems rational to act in advance in order to mitigate the necessity for taxes. When the
new coalition of social democrats and the green party announced to introduce an energy tax in
Germany in 1999, representatives of the industry pointed out to the government that the
industry has voluntarily committed to reduce carbon dioxide emission but the now coming
energy tax will take away the base for its agreement; i.e. the industry expected an even lower
tax rate or no tax at all. Since energy-intensive industries will be exempted from the energy
tax, the voluntary approach was nevertheless successful.

To explain strategic behavior, the conventional approach in environmental economics
was to look at a two-stage game where governments set taxes first and then firms react. In
such a policy regime the government is concerned about the international competitiveness of
its firms and sets taxes below marginal damage or prefers weaker standards. In this paper, we
considered a policy regime with a reversed timing. Firms commit themselves in the face of

emission taxes to abatement efforts and to lower levels of the environmentally intensive
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output. Then the government introduces the tax. Our model can be interpreted as the
theoretical underpinning of voluntary agreements. Under either standards or taxes, they waive
profit and reduce output in order to use less of the polluting input. The reward for this
behavior will be less strict policy instruments and hence lower abatement costs in the near
future. We hope that our analysis can close somewhat the gap between the widespread use of

voluntary approaches and the relatively underdeveloped research in this area.
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Appendix
Proof of (11) and (12)

Total differentiation of (8) and (9) with respectttd@, a andx yields:

d{1-d"01-3) v q)-(d X1~ A ¥ Q) dF
d" Eﬁ—v+(1— a v, q] dar d{1- & y dx

and

dT(1-D'{1- A L, Q)-(D(1- 3 y ¢ dt
D" E@—v+(1— a)V, qi] dat D(1- g y dx

In a more compact way:

w, dt+w; dT=-w, da w, dx
W, dt+W, dT=-W, da W, dx

The determinantQ is positive, i.e. Q =wW.,+w, DN >0. We setdx=0 and use

Cramer’s rule:

dt

Q EZ _\Nt,a MT-'- VV’,aDV\{T

In the terms derived above:

dt

Q_
da

=d"f-v+(1-a) v q](1- D(1- A Q)
+D”[—v+(1— a)y, Ga] d'(1- AVQ

This can be rewritten as
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Q %:d" [Q—v+(1— a) \éq)(l— D(1- A\ Q+ D(1- A Y Q)

a

which proves (11).
Similarly,

Q'%}WJW#WﬁW=WP3%PEM‘A¥Q

X

+D"(1-a) v, ['(1-A\Q= d(1- a \I- D(- AY Q@+ D= AYQ
which proves (12).
Proof of the cooperative tax rates and of (16)

The FOC with respect tois
“Vyt(1-a)v+(1-a yq- mdil- & yg MOI- gy a0
which yields t**=md( P+ MO B.

Similarly, T°=md B+ MO P.

Total differentiation with respect toT, anda:

df1-(d"+ D')(1-a) y,q]-(d'+ D)(1- A Y Q dE(- ¥(1- Ry ‘& D da
dT[1-(d"+ D')(1- A Q] dT-( d+ D)1~ a ygdt(- ¥(1- Javy "d 'D da
We denote the determinant of this linear equations syste@ft/> 0 and find as solution:

gt _(~v+(1-2) vq)(d'+ D)

Al
(A1) da QP

<0
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Sinced” + D" appears in the numerator, the cooperative tax rate responds more intensively
to a higher degree of abatement. This statement holds oQy°ff< Q, the determinant for

the non - cooperative case. To show this inequality §¥1? can be written as

dll DII dll + DII dll + DII
+d" D" (1-3) v,q(1- A \, Q]

Qcoop:(duD")zH d” —d"qu(l—a)H D" -D"(l—A)VQQr]

7] "4+ D" )2

Because ofd”(ilr <1, the expression aft 9D is less thanQ . If we substitute

n

n I

Q% in (A 1), this lower - than Q - expression appears in the denominator gnqr? in

n n

the numerator. Howeverd"+ 5 is less thand” which proves that voluntarily higher

degrees of abatement will result in even lower tax rates in the cooperative case compared to

coop dt Nash

the non - cooperative case. In a similar wag— > >0 can be shown to be true.
X

dx
Proof of (19)

Total differentiation of (17) with respect & A, x andX yields

[V -vau- df-vw- 8 yo - md2 yor (- y'e @ g]| ca
~d"[-V+(1- A, Q)[-w(1- 3 y g dA

:(qua+ d'{l-a vx[—v+(1— 3y q]+ mﬂj— yw(l- Ay ;)1) dx

+d" {1~ A) [~ v+(1- 3 v q] dX

By exchanging capital and small letters, a similar equation follows from theWWC€0. We

setdX =0 and write our inhomogeneous equation system as

w, da+w, , dA=-w , dx
W, da+ W, dA=- W, dx
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wherew, . w, , andw, . have been determined above. The determi@ardf this system is

positive . Using Cramer's rule yields:

%:(—wa,XMM+V%XwaQ/Q

or Q%ZVXQAWW d'(1- 3 y(-w(F ayg Wt nfe w(F)ayh W

+d'(-V+(1- A G Q) (- w(1- 3 yg) DI~ Ry

We wish to show that this expressing is positive. We rearrange the first and third as well as

the second and fourth terms:

da
Q_:Vx qA_m + mdl- xg \%-\
) =[G - md + mdi- 4y g

+fa-a) y(-v+(1- 9 y | Wt (- W(- Ay Q1]

In the very last brackeW,, is negative but the squared term is positive. We therefore have to
write W,, in explicit form and then add the positive term. It turns out that this positive term

cancels out with the same but negative term:

W, +(-V+(1- A Q) D=
~V,Q@ - VIR, -[-V+(1- A ¥ Q] D- MD-2 ¥ Q+(1- K Yo @ Y Q)]
{-V+1-A VW] D' =[-\ G- VIQ,- MD-2 ,Q+(1- K Yo & ¥ Q)

This expression is negative if we assuwg>0 (V,, is the term in the very last bracket).

Multiplied by a negative term in (A2) yields a positive term. Singe<0, the first term is

positive if g, = md We assume that the difference is small and heladedx> 0.



