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Abstract

This paper analyzes environmental concerns by a government in a setting of rent-
extracting strategic trade policy with endogenous firm investment into production tech-
nologies. The simple analysis highlights the importance of investment incentives caused
by tariffs in general and shows that the resulting implications for the optimal tariff de-
cision can be completely different between traditional tariff considerations and an envi-
ronmentally conscious government. We show that an importing country in a dynamic
setting with endogenous firm technology choices prefers to impose discriminatory tar-
iffs both ex post and ex ante when emissions matter, while a commitment to uniform

tariffs is optimally chosen when environmental concerns do not play a role.
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1 Introduction

For years, countries under the umbrella of the World Trade Organization (WTO) have
concurred to promote a cooperative trade outcome and to punish those that unduly try
to extract rents from importing firms through trade restrictions. The most favored nation
(MFN) clause to prevent discrimination between trading partners is often regarded as the
fundamental pillar of the WTO and the General Agreement on Tariffs and Trade (GATT) and
exhibits several potentially welfare-improving features (see e.g. Choi, 1995, Saggi, 2004)!.

A real agreement over global climate policy, however, has not been achieved as of yet.
While alarms about environmental damage, climate change and the like are undoubtedly a
major and rising global concern, they do not appear to be of equally high priority for all
countries so far. Even within OECD countries, for instance, stark differences in terms of the
extent of environmental policies are still present (Botta & Kozluk, 2014) and even more so for
less integrated countries. Countries that have decided on a need to impose carbon reduction
mechanisms are nonetheless concerned about the competitiveness of local firms and about the
possibility of “carbon leakage” (cf. Babiker, 2005) when other countries do not implement
similar policies. If production simply moves to jurisdictions where no environmental measures
such as a carbon reduction program are in place, potential reductions in the home country
can be nullified or even surpassed. To compensate for arising problems like these, despite
years of politicians and scholars promoting trade liberalization, many are suggesting the
increased use of differentiating measures again (e.g. Stiglitz, 2006, Ismer & Neuhoff, 2007);
one of these being tariffs based on imports’ carbon emissions as a relatively effective measure
with the least prospect of legal and practical barriers (cf. Bohringer et al., 2014).

In the analysis presented here, we consider a model setting of rent-extracting strategic
trade policy in oligopolistic competition in the spirit of Brander & Spencer (1984a, 1984b)
with endogenous firm investment into production technologies. A main focus lies on the

importance of providing dynamic innovation incentives to firms and considering imperfect

LAlso cf. Horn & Mavroidis (2001) for a broad economic and legal survey on the MFN clause.



competition & la Cournot?®. In a simple analysis of a government additionally considering
environmental damages caused in the production process of foreign exporters, we will show
that the results of traditional tariff considerations dealing with standard production costs
need not necessarily apply any longer. The result of Choi (1995) that a commitment to
uniform tariffs by a MFN clause provides higher incentives for foreign firms to invest into
cost-saving technologies is turned around in the environmental setting presented here. We
will show that discriminatory tariffs are optimal for the tariff-setting government both in the
short and in the long-run view with respect to foreign firms’ emission reduction incentives.

Section 2 of this paper starts by re-collecting the standard marginal cost results for
comparative purposes. Then, we adjust this model to fit into the environmental context and
results are derived and compared. The environmental model is then extended by adding a

third firm from the home market. Concluding remarks follow.

2 Carbon Tariff Model

2.1 The Model by Choi (1995)

The setup used in the paper builds on the model introduced by Choi, which we briefly
compare here in order to directly compare the results and highlight the arising differences.

We consider a three-stage game played between a government in a home country and
two foreign firms located in different countries. All sales and consumption can only occur in
the home country. Firms are symmetric ex ante, and we consider the case of linear demand
P =a— b(Q where QQ = ¢; + ¢o.

In the first stage of the game, firms can choose their technology determining its respective
costs ¢; and c¢y. In the non-environmental setup, spending a higher sunk fixed cost achieves

lower marginal production costs in this technology investment stage. This relationship is

2Following Kreps & Scheinkman (1983), we assume that the results hold under Bertrand competition as
well when taking into account a preceding capacity build-up before price competition takes place. In a trade
context, this sequence appears particularly plausible.



represented by the function F' = ®(c) and we only need to assume ® < 0 to capture the
mentioned trade-off. In the second stage, the home government decides on the import tariffs
t it imposes on the foreign firms. In the last stage, given that technologies and tariffs are in
place, the firms compete a la Cournot and the Nash equilibrium is determined.

Solving by backward induction, maximizing both firms’ profits, we get intermediate equi-

librium quantities of

a—QCi—2ti+Cj+tj

g(ct) = % . i=1,2, i#7j (1)

with ¢; and ¢; being a firm’s own cost and tariff to be faced and ¢; and ¢; representing the
competitor’s cost and tariff. The government then considers the following welfare function

by anticipation of firms’ behavior

W(t;c) = CS + tiqi(t, ¢) + taga(t, ©). (2)

We consider two different possible ways of setting tariffs. Under a uniform setting, the
government sets the same tariff to all countries and firms, while tariffs may vary between
different countries under a discriminatory (or preferential) regime. Initially, assume that
the government can freely choose between the two. Optimal tariffs are then given for the

preferential (¢*) and uniform tariff (¢**) regimes by

~2a — 3¢+ ¢

t:(c) =12 i# (3)
m@zw. (4)

We can see that a government which would observe one low-cost and one high-cost firm,
would have an incentive to raise the low-cost firm’s tariffs and lower the high-cost firm’s
tariffs compared to a uniform tariff. Given such an ex post cost structure across firms, it

can be shown that it would be welfare-maximizing for a government to set discriminating



tariffs in this way and the effective cost-differential of production costs plus tariffs between
a low-cost producer and a high-production-cost firm is reduced by the optimal tariffs.

To see the basic intuition behind this result, we can draw an analogy of the home gov-
ernment as an intermediate supplier to the foreign firms, with the intermediary good being
“the right to sell in the home country”. A firm with low production costs wants to sell more,
therefore has a higher demand c.p. for this right to sell and will exhibit a lower elasticity of
demand because of it. This low elasticity can be exploited by the government by charging a
discriminating high price, that is, by setting higher tariffs.

We then consider the first-order conditions from the technology choice stage and compare

them for the discriminatory (¢*) and the uniform (¢**) regime:

@(e) = -2 (5)

BT (6)
It follows that ¢** < ¢* in equilibrium. To see this, note that the marginal profit (RHS)
of further lowering cost is always higher under the uniform regime at any given level of c.
This means that firms have stronger incentives to decrease their cost and in the end choose
a lower-cost technology when they face uniform tariffs.

This creates a dilemma for the government. It wants to charge discriminating high tariffs
to low-cost firms, but in equilibrium both firms choose the same cost level after all, because
any firm incentive to unilaterally decrease costs is negated by the expected discriminatory
tariff. Therefore, no additional tariff income can be gained compared to uniform tariffs in
the static sense. Additionally, because of the investment dynamics, there is a further welfare
loss due to firms investing too little in cost reductions when they have to anticipate the
possibility of discriminatory tariffs, which results in higher prices for the home consumers.
Because tariffs will be de facto uniform in any equilibrium and the mere possibility for the

government to opt for preferential tariffs leads to less investment and higher production costs



for firms, the government is better off by restricting itself ex ante from using them.
Here, voluntarily subscribing to a MFN clause and thereby credibly restricting oneself
to uniform tariffs, is working as a commitment device to overcome the time-inconsistency

problem of ex ante vs. ex post government tariff incentives.

2.2 Environment

We now consider the situation of a government that also pays attention to the environ-
mental damage caused in production. Demand is still given by P = a — b(Q). As a first step
of changing the initial model, we introduce an environmental emission cost e in addition to
classic marginal unit costs. There is again a technology, i.e. cost decision, stage with the
same assumptions as before, only now firms can decrease their emission level e instead of
their raw cost level ¢ by investing. That is, we hold the raw production cost constant at
¢ = ¢. For this, consider a situation in which production is already operating at the border
of technology in the sense that no further cost improvements in terms of real production
costs can be made. However, assume that this current means of production still exhibits an
emission cost which can be reduced by investing into, for example, filter vents or recycling
techniques of varying qualities. For simplicity, we also normalize to ¢ = 0 w.l.o.g.

Again, we solve the model by backward induction. In the third stage, firms maximize
their profits given technologies and tariffs. The home country can demand import tariffs
from the foreign firms and tariffs are collected in the form of T = Y t;q;. Profits of the

foreign firms are then given by

mi=(a—blg1+q)—t)g, i=1,2 (7)

It is important to note that marginal environmental costs e; do not enter the profit
function directly at this point. This nicely represents the externality character of the issue,

as firms do not have an inherent incentive to reduce these costs in the absence of external



intervention. We will see that the analyzed tariffs set by the importing country’s government
will force firms to consider the environmental emission costs they are producing. Here,
tariffs are working in an indirect way, providing a potential instrument e.g. when direct
governmental regulation is not possible.

Resulting from optimization of Eq. (7), we get the outputs resulting from the third-stage
Cournot-Nash game with t = (¢1,%2) as

_a—2t1+tj

zt )
ai(t) m

In the second stage, the home government sets tariffs to maximize
W(t) = (1 —uw)[CS + t1qi(t) + taga(t)] —ule1qi(t) + eaga(t)], w € [0,1). 9)

On one hand, it considers the consumer surplus C'S in the home country and the tariff
revenues it collects from the foreign firms. These “classic” considerations are weighted here
by (1-u). The interesting addition here is the latter term that depicts environmental costs
like carbon emissions and enters the welfare function negatively. The parameter u therefore
measures how much weight the government wants to put on the environmental considerations
compared to the classic objectives.

Again, we analyze the potential tariff choices of the home government. Now, under a
discriminatory tariff system, welfare maximization and the ensuing first-order conditions
yield the following optimal discriminatory tariffs denoted by t*, taking as given the firms’

technologies e = ey, ey

. 2a(1 —u) + be;u + e;u ) ) )
ti (e) = ( 8(>1 _u> ’ ) L= 172’ ¢ 7é] (10)

Comparing to Eq. (3) from the non-environmental setting nicely shows an important differ-

ence: the sign for the own costs e; is now positive.



In the setting without the environment, the optimal discriminatory tariffs set by the
government would decrease the effective cost differential between a high- and a low-cost
producer by imposing higher tariffs on the low-cost producer. Thereby, the incentive to
invest into cost-reducing research is lowered for all producers®. However, when we now look
at the tariffs in a situation of a government that cares for environmental costs caused by
emission, we can see that firms will be rewarded for lower emissions through lower import
tariffs, reinstating the incentive to invest into R&D. Note that the competing importing
firm ;5 will also slightly benefit from a reduction of the own costs of ¢, which can be seen
from the positive sign on competitor’s costs e;. This can decrease the incentive to invest to
some extent by also allowing a partial free-riding effect. Nevertheless, the positive sign on the
competitor’s technology is a result that carries over from the non-environmental analysis, but
here, the positive effect on being able to reduce the own tariff to be faced clearly outweighs
this factor.

Solving for the optimal non-discriminatory tariff t** is straightforward, again from the

maximization of welfare with the additional restriction that ¢; = ¢ has to hold:

2a(1 — u) + 3e1u + 3eau
8(1 —u) '

t"(e) = (11)

Looking at the signs for emission costs e in comparison to the respective cost counterpart
cin Equ. (4) of the initial setting, we see that they are also flipped. This means that lowering
one’s emissions now has a benefit for a firm in the sense of lowering the tariff to be faced.
However, due to the uniform tariff, the effect of lowering the emission cost also benefits
the competing importer in the same magnitude. In the non-environmental results, while
the effects go in the opposite direction, they are the same for the own firm and the import
competitor as well. Considering only the point of view of competition with the other foreign

firm, tariffs under a MFN regime play no further role for the firms’ considerations on costs,

3DeGraba (1990) already highlighted this insight analogously for the setting of an input supplier who
price discriminates between downstream producers based on their production costs.



neither in the environmental case nor with traditional production costs.

Still, in both cases, firms will have an incentive to lower their own costs, stemming from
different channels in the different cases. In the model with classic marginal costs, firms
have a general incentive to lower their costs for standard competitive reasons in strategic
interaction. Introducing an MFN tariff reduces this incentive by demanding higher tariffs
on imports with lower costs, but then equally so for both firms. Under the discriminatory
regime, in response to a fall in the cost ¢;, tariff ¢; is raised even more drastically while
t; on the other firm is actually decreased, which dampens investment incentives further as
explained in the previous section.

In the environmental case, firms have no inherent incentive to lower their emission costs
at all. Introducing tariffs on these emissions can now work to establish this incentive in such
a setting. In this case, a MFN tariff will be set in such a way that it already gives some
incentive to the importers to lower their costs. While the other importer can actually free-
ride and partake in an equal amount on the cost-savings and benefits of the cost-reducing
firm, both benefit from lower tariffs.

Here, the optimal tariffs set by a discriminatory regime can lead to even better results
in terms of investment incentives by letting the cost-saving firm enjoy a higher benefit in
the form of a lower tariff than the competitor. As stated before w.r.t. Eq. (10), the other
firm is also allowed a somewhat lower tariff, but the now increasing effective cost differential,
which is given here by the tariff differential only, would still allow a single cost-saving firm to
expand its output relatively more while forcing the importing competitor to lower its output,

as can be seen in the following equation® .

2a(1 — u) — 3e;u + eju

g; (e) = ST =0 :

i=1,2, i#j (12)

This already hints towards the result that innovation incentives will be higher in the prefer-

4The arising technical analytical limitations are briefly discussed in the appendix. However, these do not
affect the analysis of results for plausible parameter values.



ential setting here.

Finally, we look at the first stage of the game, where technology choices are made. We
compare the first-order conditions to now show analytically that in the environmental setup
introduced in this paper, indeed lower costs will be chosen under the discriminatory regime,

as it has been already claimed intuitively from the comparison of the two setups.

Proposition 1 Let e* and e** be the symmetric Nash equilibrium technology choices under
the discriminatory tariffs and an MFN clause on carbon tariffs, respectively. Then, under

45 we get e* < e**. That

linear demand and a reasonably low environmental weight u < —%

18, a less carbon emitting and therefore environmentally beneficial technology is chosen by

firms in the discriminatory regime.

Proof. At the technology decision stage, the firms maximize

II;[e; t(e)] = mile; t(e)] — P(e;) (13)

o1l;
Oe;

which yields from =0and ®'(¢;) = a%”i [e; t(e)] the conditions under the discriminatory

tariff regime (e*) and the MFN regime (e**) respectively:

O e (14
A 2w a(l—u)—eu

On one hand, it must hold that ®'(e) < 0 which also implies here that operating profits
m; naturally rise with falling costs. If u is sufficiently low, i.e. in the generally feasible range,
the term a(1 — u) — e*u becomes positive and ®'(c) < 0 is fulfilled. From &'(c**) < &'(e**)

for any given e it can be deduced that e* < e**. For a given level of e, marginal additional

5The low weight u is only needed to generally stay in the range of analytically feasible solutions, see the
appendix for the derivation of the condition.
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profits from lowering costs are always higher in the discriminatory case. Therefore, marginal
profits will surpass the marginal cost from investing in cost reduction for a lower range of
e and a lower cost level, here in terms of emission costs, is chosen in the discriminatory
equilibrium. m

This is in contrast to the case without emissions, where the result was ¢** < c*.

2.3 Home Firm

As a robustness check, we now additionally consider a third firm that is located in the
home market. This fits the notion of a country that is interested in reducing emissions and
can do so on one hand by introducing a mechanism to guide the emissions by its local firm,
but on the other hand has no political reach over the foreign firms except for the border
tariffs that it can set on imports. Naturally, the welfare function will consider an additional
term stemming from the producer rents of the home firm.

Again, we solve by backward induction and start by looking at the third stage first.
There, firms maximize their profits given technologies and set tariffs. Demand is still given
by P = a — bQ, where now Q = q, + q1 + ¢2.

Profits of the home firm h take the form of

T = (a —b(q1 + g2 + qn) — €)qn (16)

where € represents an at this point exogeneously given rate to be paid for emissions by the
home firm. One interpretation here is that this rate is assumed to be what emerges from
an efficient and well-functioning emission market that is in place in the home region, but
cannot be employed for foreign firms, e.g. due to a lack of political agreements with foreign
countries. For simplicity, we also normalize this rate to e = 0.

As in the previous section, the home country can demand (potentially discriminatory)

11



import tariffs from the foreign firms. Profits of the foreign firms are then given by

= (a—=blg1 +q@+aq) —ti)g, i=1,2 (17)

In the second stage, the home government sets tariffs to now maximize

W(t) = (1 —w)[CS + mu(t) + 11qu(t) + taga(t)] — ulerq(t) + eaa(t)], w e [0,1).  (18)

The first-order conditions solve for the following optimal discriminatory tariffs denoted by
t* and uniform tariffs t** respectively, again taking as given the firms’ emission technologies

€ = €1,62

6a(l —u) + 13e;u + 3eju

ti(e) = 20— ) L i=1,2, i (19)

6a(l — u) + 8eyu + Sequ

t(e) = 20(1 — u)

(20)

Tariffs overall are set more aggressively in this setting, which is to be expected. Raising
the foreign competitors’ costs by the tariffs now has the added advantage of increasing the
home firm’s profits. In addition, the creation of consumer rent is not solely dependent on
foreign firms anymore. Both of these channels tend to increase the foreign tariffs set by the
home government.

We can check that the greater investment incentive and therefore lower emissions chosen
by the firms are still given by discriminatory tariffs in this extended setting. The first-order
conditions at the technology stage are given for the discriminatory tariff regime (e*) and the

MFN regime (e**) respectively by

9 u  a(l—u)—4e*u

() = 01y b

4 u  a(l—u)—4eu

@/ * %k —
() =~ T00 =172 b
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The relative dominance of investment incentives under the preferential regime is even

amplified now that the home firm is taken into account.

3 Concluding Remarks

The simple analysis of a government considering environmental damages caused in the
production process of foreign exporters has shown that traditional tariff considerations facing
standard production costs need not apply in this case. The result of Choi that an MFN
clause provides higher incentives for foreign firms to invest into cost-saving technologies is
turned around in the model presented here. Now, discriminatory tariffs are optimal for the
tariff-setting government both in the short- and in the long-run view by incentivizing firms’
investments into green technologies.

In the setting of investments into a reduction in standard production costs, tariffs overall
actually dampened the incentive to engage in R&D that has both a global social benefit as
well as a private benefit to the foreign exporters. The mere prospect of the home government
potentially charging differentiating tariffs creates a commitment problem in addition, without
any ex post benefit. The environmental setting represents a different issue with the foreign
firms having no inherent incentive to achieve a reduction in emission costs and creating a
negative externality on the home region. Here, tariffs work as an instrument to create an
investment incentive for foreign firms in the first place and discriminatory tariffs provide the
stronger incentive to reduce emissions even further.

The model implies the suggestion for environmentally conscious governments to drop
MFN clauses altogether as an extreme case. There is an ongoing discussion if and in how far
discrimination based on environmental aspects indeed might or should be reconciled with
WTO guidelines (e.g. Ismer & Neuhoff, 2007, Balistreri et al., 2016). Even potentially risking
WTO violation punishments and trade retaliation in the absence of a common agreement

and to weigh a potential backlash against possible benefits of decreasing emissions does not

13



seem to be completely out of the question either (cf. Fouré et al., 2016).
In any case, the effects that can be caused by the investment incentive channel highlighted
in the model presented here need to be taken into account when countries decide on both

tariff and environmental policy measures.
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Appendix

Analytical Restrictions

Let us consider again the equilibrium firm quantities, given the respective optimal tariffs

2a(1 —u) — 3e;u + eju
8(1 —u)b ’

q;(e) = 1=1,2, i#]. (23)

oy 2a(1 —u) —eu —eju

For values of u approaching 1, the numerators would take on negative values, which
is not feasible. The intuition is the following: the more and more a government cares for
the environment, the more it will aim to restrict the emission causing production by the
importers completely. Therefore, as can be also seen in Equs. (10) and (11), optimal tariffs
for v moving towards 1 would approach oco. In reality, it would suffice for a government to
set prohibitively high finite tariffs in order to foreclose production and thereby avoid any
emissions. More generally, to stay in the relevant range, it needs to hold that

i=1,2, i#j. (24)

q(e) >0, (25)

as negative quantities are not feasible. Here, we impose symmetry of costs w.l.o.g. Due to
the ex ante symmetry of importing firms, they will also symmetrically choose their optimal
level of costs. This leads to the following condition:

2a(1 —u) —2eu >0

a

> 2
a—i—e_u (26)

No definite prediction can be made here, but given that a is likely to be quite larger than
e, this condition is likely to hold®. Any values of 0.5 < u < 1 would actually mean that a
government puts more weight on the environmental considerations than on its traditional
objectives, i.e. consumer and producer surplus and tax income, which is needed to fulfill its
governmental tasks. This is, at least for the moment, very unlikely, so the analysis is very
likely to hold under realistic values of a relatively small w.

6See Choi (1995,p.154) where the assumption (a — ¢) = 100 is made.
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