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Abstract

We consider a model with two countries, two commodities and production
factors, labor and environment. The countries first choose their environmen-
tal standards and then the equilibrium market allocations are determined.
We study a subgame perfect Nash equilibrium of this game for two types of
environmental problems: regional and international.

We examine effects resulting from the transition from autarky to free trade
and show that regulating interference with supply and demand may have a
positive effect on environmental standards. In particular, a transfer of com-
modity from one country to the other can increase welfare and raise environ-
mental standards in both countries.

Keywords: Free Trade, Autarky, Environmental Standards, International and Re-

gional Environmental Problems.



1 Introduction

The integration of environmental objectives into economic policy typically intro-
duces strategic interactions due to the public goods character of the environmental
commodities, and due to the fact that environmental regulations are usually ex-
pected to affect the competitiveness of the national economy. Ulph (1996) focuses
on “eco—dumping” in a setup with both governments and producers acting strate-
gically. Among other things, the paper shows that welfare will be lower when both
governments and producers act in this way. Similarly, Batabyal (1998) considers
the problem whether an environmental policy in the context of a Cournot game can
make a country worse off when the incidence of pollution is local. Moreover, the
effects of environmental regulation by alternate instruments are of interest in the
case of border-crossing pollution. Ono (1998) extends the standard model of pub-
lic goods provision by considering consumption externalities arising from economic
activities, which pollute the environment. Under certain assumptions in a strategic
context income transfers in both directions can improve the global environmental
quality. Finally, an additional source of strategic interactions is provided by an
internationally operating oligopolistic industry, which reacts on the environmental
policy of the government. Within a framework of intra-industry trade and, alterna-
tively, competition on a third-country market, Conrad (1994) investigates optimal
environmental taxes and subsidies for duopolistic firms located in two countries.
Barrett (1994), on the other hand, analyses competitiveness for alternative market
structures and alternative forms of industry competition. Under certain conditions,
governments then have an incentive to impose “weak” environmental standards.

In contrast to the existing literature, our paper then focuses more on the tran-
sition from autarky to free trade in terms of the equilibrium structure, for both
regional and international environmental problems. Interesting aspects in this con-
text cover questions of a “level playing field”, of “harmonization”, as a basis for
free trade, or of a “race towards the bottom” resulting from lax environmental stan-
dards, of “losing one’s higher standards” due to international competition, and of

an “immiserization” following an expected degradation of the environment in inter-



national trade. Bhagwati (1996) considers these problems to be the “genuine” ones
in the context of free trade and the environment. In a more theoretical context,
these problems are intimately associated with economic efficiency and fairness.

We consider a model with two countries each of which can produce two commodi-
ties by employing two factors of production, labor and environment. We assume that
the production functions exhibit constant returns to scale with respect to labor in-
put. A higher level of the environmental standard adopted in a country will decrease
the output levels associated with a given labor input. We also assume that in each
country there is a representative consumer, whose utility is given by a homothetic
utility function. We examine two cases of environmental interdependence between
the two countries. One is the class of international environmental problems, where
environmental conditions in each country are affected by environmental standards
chosen by the other country. Another is regional environmental problems, where
none of the countries is affected by the other country’s environmental problems. In
contrast to international environmental problems, regional environmental problems
do not directly affect production and utility in the other country.

The choice of an appropriate environmental standard is the task of governmental
agencies, who, at the first stage of the game, propose the environmental standards in
accordance with the welfare of the consumers while taking into account the respective
action of the other country. In the second stage, the two commodities are produced
and exchanged in each country according to the rules of a market economy. Our
goal is to examine a subgame perfect Nash equilibrium of this game, that results
from the interaction of governmental agencies in the two countries.

We show, in particular, that in equilibrium welfare of both countries may de-
crease when switching from autarky to free trade. Interestingly, this may occur
not because of insufficient environmental protection, as is usually argued by envi-
ronmentally active groups, but because of too much concern for the environment.
“Immiserization” can happen, but for reasons different than usually expected.

We also address the issue whether regulating interference with supply and de-
mand can have a positive effect on welfare. In particular, is it possible to stimulate

the protection of the environment by unilateral measures such as taxes or subsidies,



quota or tariffs, lump-sum payments or transfers. What will happen to welfare in
the country enacting a particular measure? What will happen to welfare in the
country affected by this measure? We show that, somewhat counter intuitively,
the introduction of a tariff does not affect equilibrium values of the environmental
standards, although the change in international prices due to the tariff will have a
positive effect on the welfare of the country imposing the tariff. In contrast, the
transfer of some units of one of the consumption commodities will increase welfare
in both countries, and we will also observe a raise of the levels of environmental
standards.

The paper is organized as follows: The next section contains the basic assump-
tions of the model. In Section 3 we examine an autarky variant of the model. In
Section 4 we turn to analysis of free trade. In Section 5 we compare the autarky and
free trade equilibria. Section 6 investigates effects of regulatory interference. Some

final remarks conclude the paper.

2 The Model

There are two countries i, 7 = 1, 2, each of which can produce two commodities by
employing two factors of production, labor and environment. The production func-
tions f;; in country ¢, exhibit constant returns to scale with respect to commodity
KE

fij(ei, zij) = Bij(1 —€;)z;; for i, j = 1,2 and z; < Z,
where ¢;, 0 < ¢; < 1, denotes the level of the environmental standard adopted in
country 2. We do not introduce here specific features of this standard, but one
could think, for example, of e; as an abatement level of hazardous waste adopted in
country ¢. The quantity Z; denotes the total labor endowment in country : = 1,2. To
simplify the matters, we assume that country 1 possesses a comparative advantage

in the production of commodity 1, i.e.,
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Comparative cost advantages resulting from differences in technologies, factor en-
dowments and market demand generate gains from free trade, and we do not con-
sider economies of scale or imperfect competition as alternative sources of gains from
trade.

Consumers in each country are characterized by an identical homothetic utility
function. That is, there is a representative consumer in country ¢ whose utility is
given by:

Ui([Eil, T2, Ez) = ZE?IU . [E?Qn . EZ%S (1)

with o;; > 0 and a1 +a4e = 1 for 7, j = 1,2. The parameter o;; denotes the share of
total income of consumer ¢ spent on commodity 7, whereas ;3 is the “propensity”
of consumer i towards the protection of the environment, and F; is the state of
environment in country 1.

To specify the way F; is evaluated, we consider two cases of environmental in-
terdependence between the two countries. One is the class of international environ-
mental problems, where environmental conditions in each country are affected by
environmental standards chosen by the other country. In this case, the value of E;
is assumed to correspond to a weighted sum of the two environmental standards ey
and ey. That is, E; = v;e; + (1 —vi)ej, j # i, where ; with 0 <, < 1is an “impact
factor” determined by climatic or other non-economic circumstances. It specifies the
effect of country ¢’s own environmental standard on its environmental conditions.
Although it would affect most of our result we assume that both coefficients, vy, and
~9 are not smaller than 0.5. In other words, an impact of its own standard on the
state of environment in country ¢ would be at least as strong as the standard chosen
by the other country.

In the case of regional environmental problems, where none of the countries is
affected by the other country’s environmental problems and the choice of an environ-
mental standard, F; is simply equal to e;, the value of the environmental standard
adopted by country i. Obviously, by setting 73 = 7, = 1, we may consider the case
of regional environmental problems as a special case of international environmental

problems. It is, however, of interest to examine the case of regional environmental



effects separately. To distinguish between these two cases, we assume that in the case
of international environmental problems, the coefficients v; and 7, are strictly less
than one, i.e., a choice of environmental standards in country j has a nonnegligible
impact on the state of environment in country i # j.

The two commodities are produced and exchanged in each country according
to the rules and regulations of a market economy. The choice of an appropriate
environmental standard is, however, the task of governmental agencies. They pro-
pose the environmental standards in accordance with the welfare of the consumers
while taking into account the respective action of the other country. Formally, we
examine a two-stage model. In the first stage the governmental agencies choose their
own environmental standards and in the second, firms and households make their
production and consumption decisions by selecting equilibrium allocations in the
goods and factor markets, given the choice of environmental standards in the first
stage. Then we investigate a subgame-perfect Nash equilibrium of this game which
is a natural concept to examine the outcome of the interaction of the governmental
agencies in the two countries. Our assumptions guarantee that, given any pair of
equilibrium standards chosen in the first stage, the choices of both countries in the
second stage are uniquely determined. Thus, by substituting the outcome of the
second stage into countries’ utilities, we may reduce our game to a one-stage game
of environmental standards and to focus on its Nash equilibria.

In this paper we distinguish between autarky, where the countries are not engaged
in commodity trade, and free trade. It gives rise to four different situations, which

will be studied in the following sections:
e autarky with regional environmental problems,
e autarky with international environmental problems,
e free trade with regional environmental problems,

e free trade with international environmental problems.



3 Autarky Equilibrium

Consider first the autarky case in which there is no commodity trade between
the two countries. Let (eq,es), a pair of environmental standards, chosen in the first
stage of the game, be given. Our assumptions guarantee that in the second stage
there is a unique equilibrium allocation (:vf}(el), ;;‘(ez))i,j:m for which there exists

a price system (wi(e;), pii(e:), pis(e;)) such that for 4,5 = 1,2

xé(el) fl](el’ zj(el)) for ¢ ] = 1 2

zii(es) + zi3(e) = Z;,

(24(e;), 24a(e;)) is a profit-maximizing factor allocation in country i,

the consumption bundle (27 (e;), x4 (e;)) maximizes country i’s utility given the
budget w?(e;) - Z;.

Our specification of utilities yields:

zii(er) = anBu(l —e))Zy, wiy(er) = arBia(l —e1) 2y,
251 (e2) = 1 Ba1 (1 — €2)Za, Tip(es) = anfan(l — €2) Zs.

By using these equilibrium allocations, we consider the indirect utilities of each
country which depend only on the choices of e; and e;. Thus, we reduce our game to
the choice of environmental standards only.

In the case of international environmental problems we denote the indirect util-
ities by

A
i (er, e2) = wilwpi (e0), afy(er), ) = ualwiy (e0), afy(er), vies + (1= yi)e;).

By using the utility specification (1) and the expressions for equilibrium allocations,

we obtain:

v (er, e2) = (11B11) " (19B12)*2 (1 — e1) Zy(mrer + (1 — 71)ea)®,  (2)
véA(el: 62) = (0421521)a21(0422522)022(1 - 62)22(7262 + (1 - ’Yz)ﬁ)azg- (3)



For regional environmental problems we introduce the utility levels

%R’A(ela@) = wi(wp(en), wip(ei), Br) = wilwii (en), wip(er), €0),
and, similarly to the case of international environmental problems, we have an ex-

plicit expression:

v te) = (u1Bu)™ (a12Bi2)™ (1 — e1) Z1(er)™; (4)
v (ea) = (21 Ba1) (022B22) "7 (1 — €3) Za(e2)%. (5)

It is important to mention that the choice of an environmental standard e; has
an ambiguous effect on the utility of the consumers. On the one hand, there is a
positive effect of a cleaner environment, whereas, on the other hand, there is a nega-
tive effect resulting from lower production and consumption levels. Moreover, in the
case of international environmental effects the actions of the foreign government will
affect the home country directly. We consider, therefore, a strategic interaction for
the governmental agencies of the two countries, which is captured in the following
definitions of an autarky equilibrium. It is simply a Nash equilibrium under au-
tarky regime where strategic variables are represented by choices of environmental
standards.
Definition 3.1 The pair of environmental standards (6{”4,65’4) is an autarky
equilibrium with respect to international environmental problems if the
mequality

A/ LA LA A A
v e e ) = o e )

holds for every level of environmental standard e;, 0 < e; < 1.

Definition 3.2 The pair of environmental standards (ei"*,ef?) is an autarky

equilibrium with respect to regional environmental problems if the in-

equality

RA; RA RA R,A
U, (61 ) €2 )Zvi

R,A
)

(e, €;

holds for every level of environmental standard e;, 0 < e; < 1.



3.1 Autarky with International Environmental Problems

Our first result demonstrates the role of the propensities towards the protection
of the environment, a3 and ass, and the impact factors v; and +5. The country
with a higher “adjusted” propensity towards the protection of the environment will

adopt a higher environmental standard:

Result 3.1.1 Let a pair (e, et be an equilibrium. Then the inequality el >

eé’A holds if and only if 1003 > Ya0s.

Proof: Let a pair of the environmental standards (e, e2) be given. The expressions
in (2) and (3) allow us to derive the best response functions of each country, €2 (es)

and €4 (e1). For interior solutions we obtain:

— (1 —
el{T(ez) _ s ( 71)62_

(14 ao3)
(11—
U (1y) = Y2or23 — ( 72)61'
Yo (1 + ags3)
Then we obtain the following (interior) equilibrium values of the environmental
standards:
oA — Ty2(0as + ai30es + qa3) — Y203 (6)
! Y172(0as + aqzans + ags) + (1 +92 — 1)
LA _ Y172(013 + 13z + Qoz) — Y1013
el (7)

B MYe(ons + aizaos + ao3) + (11 + 72 — 1)

It remains to observe that the only different terms in (6) and (7) are 7333 and

Yotia3. Thus, e{’A > eé’A if and only if y,043 > Yoan3.0

An inspection of the above reaction curves reveals that both higher values of
the impact factor 7; and the coefficient a;3 will shift these curves outward and thus
induce more concern for the protection of the environment.

Now let us turn to the issue of efficiency of the equilibrium. Our next result shows
that, in general, the equilibrium levels of environmental standards in international

setting are not efficient (see Figure 1). A unilateral increase in the environmental
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standard in country 1 raises welfare of country 2 and a unilateral increase in the

environmental standard in country 2 raises welfare of country 1. Then the convexity
I,A

%

of the indifference curves yields the existence of the values e; and e, with e; > e

for i = 1,2 such that v} (e1, e2) > v/ (el 2 ™)

for © = 1,2. In this sense there is
“too little” concern about the environment.

Several international agreements to protect the environment, e.g. the Kyoto Pro-
tocol, require a uniform percentage reduction of emission levels of some hazardous
waste. In our framework this would correspond to a uniform percentage increase
of the values of the environmental standards. It turns out that “small” uniform
percentage increases in the environmental standards may, indeed, improve welfare

in both countries:

Result 3.1.2 The Nash equilibrium (e{’A,eg’A) 1s inefficient. Moreover, an im-
provement in the welfare of both countries can only be achieved by a simultaneous
raise of their environmental standards. Furthermore, there exists a value t > 0 such
that both countries will be better off by adopting the standards e; = ef’A + tef’A,

1 = 1,2, respectively, rather than the equilibrium standards.

Proof: Expressions (2)-(3) imply that the welfare of country i is positively corre-
lated with the level of environmental standards in country j # i. Thus the welfare
improvement in both countries with respect to the Nash equilibrium is possible only
if both countries raise their levels of standards.

Consider now the pair of equilibrium environmental standards (ej, ey”). Recall

that the first order conditions for country 1 yield

1 Y1013
_ + — O’
1-— e{’A 716{”4 +(1-— vl)eé’A

which can be rewritten as

er” (1 —7y)es™
1—el® (1 —el?)

11



Suppose now that both countries jointly increase their environmental levels by the

same percentage t > 0 and let us evaluate the change in countries’ utilities. We have

G N L)) N PN G B 2
i S C e s e )

Since 1 < 1, the last expression is positive and both countries could be made better

off by a certain uniform percentage raise of their environmental standards.O

Given this result on the inefficiency of the Nash equilibrium, harmonization
of environmental standards may improve the welfare of both countries only if the
“harmonized” values of the environmental standards are above the Nash equilib-
rium levels (Figure 2: Relative Changes). However, harmonization in the sense of
tdentical values for the environmental standards across countries may work only for
countries, which are not too far apart in terms of the equilibrium levels of the en-
vironmental standards in autarky. If the gap in the equilibrium standards is too
wide, harmonization may not raise welfare in both countries simultaneously (Fig-
ure 2: Absolute Changes). This may explain the reason why some intermediate
measures to increase the environmental “awareness” in poor and developing coun-
tries are necessary before any comprehensive international agreements on identical

environmental standards are achieved.

3.2 Autarky with Regional Environmental Problems

In this case the value of the parameters v; and 75 is equal to one and the countries
are not affected by the choices of the environmental standards of their neighbors.
Note that expressions (4)-(5) allow us to derive the following (interior) equilibrium

values for the environmental standards:

R,A 13
e = , 8
! 1+OZ13 ( )
R,A Qa3
ey = . 9
> T (9)

The following corollary of Result 3.1.1 again demonstrates the role of the propensi-

ties towards the protection of the environment, aq3 and aasz: the country with the

12



higher propensity towards the protection of the environment will adopt the higher

environmental standard:

Result 3.2.1 Let a pair (ef’A, ef’A) be an equilibrium. Then the inequality ef’A >

€2R’A holds if and only if a3 > aos.

However, Result 3.1.1. on the inefficiency of equilibrium does no longer hold in
the case of regional environmental problems. Indeed, under autarky there is no
interaction between the two governments and each country independently makes its

optimal choice:

Result 3.2.2 The equilibrium (ef’A, ef’A) 15 efficient. Moreover, the equilibrium is
the first best in the sense that vl (ef?, e ) > v (e1, ) for both countries and

all levels of environmental standards e; and es.

In this context there is no need to consider a harmonization of the equilibrium
environmental standards. However, due to strategic interactions, the situation will

change when we allow for free trade examined in the next section.

4 Free Trade Equilibrium

In the case of free trade, the environmental decisions of the governments will also
be affected by the amount of commodities available for import or export.

Our assumptions guarantee that for every pair of environmental standards (e, e2),

there is a unique second-stage allocation (a:g

tem (wiT<617 62),]9{(61, 62)7pg(617 62))i:1,2 such that for Z?] = ]-a 2

(e1,€e2), 2’5(61, e2)) =12 with a price sys-

o zii(e1,e2) + x3;(e1, €2) = fijler, z1;(er, €2)) + foj(ea, 23;(e1, €2)),
o 2f(e1,e9) + 2p(er,e2) = Z;
o (zh(e1,e9),25(e1,€2)) is a profit-maximizing factor allocation in country i,

e the consumption bundle (27 (e, €2), 15 (€1, e2)) maximizes country i’s utility given
the budget w! (ey,es) - Z; .

13



Similar to the case of autarky, our specification of utilities implies that

$1T1(€17 62) = 0411511(1 - 61)Z17 ${2<€17 62) = 0421622(1 - 62)227

$2Tl(€17 62) = 0412511(1 - 61)21, %Tz(el, 62) = 0422522(1 - 62)22-

Observe, however, that due to international trade xipj(el, ) and xgj(el, es) add up
to B;;(1 —e;)Z;, the total amount of commodity j, to be produced in country j with
complete specialization resulting from free trade.

Let 7,5 = 1,2 with 7 # j. In the case of international environmental problems
denote

UiI’T(el, 62) = Ui($£<317 82)75131-2(61, 62),%61' + (1 - %’)ej)7

By using (1) and the expressions for equilibrium allocations, we can derive the utility

levels in both countries for any pair of environmental standards (ey, e3):

vP T (e1,e2) = (a1 811 (1 — 1) Z1)* (a1 faa(1 — €2) Zo)*2(mrer + (1 — y1)ez)*, (10)
vé’T(el, 32) = (0412511(1 - 61)Z1)a21(0622522(1 - 62)22)a22(72€2 + (1 - 72)81)a23- (11)

Similarly, in the case of regional environmental problems denote the indirect
utilities
RT
v (€1, 62) = Ui(l‘g(eh62),%1;(61762)762')7

Again, using the specification of utilities and the expressions for equilibrium alloca-
tions, for a given pair of environmental standards (e, e5), we obtain the following

expressions for indirect utilities:

v{%7T<€17 32) = (0411511(1 - 61)Z1)a11(0621522(1 - 62)22)a12(€1)a13: (12)
Uf’T(ela 32) = (0412511(1 - 61)Z1)a21(0622522(1 - 62)22)a22 (62)a23- (13)

The ambiguous effect of choosing environmental standards is amplified by free
trade. It is important to examine whether lax environmental standards will lead to
a “race towards the bottom” and therefore to a possibly lower welfare or “immiser-
ization”. The governmental agencies of the two countries face the strategic dilemma,

which is captured by the following definitions of free trade equilibria.

14



Definition 4.1 The pair of environmental standards (el , ey’ is a free trade

equilibrium with respect to international environmental problems if the
following inequality
o (et et ) =0 (e e

holds for every level of environmental standard e;, 0 < e; < 1.

Definition 4.2 The pair of environmental standards (ef2 ’T,ef ’T) is a free trade

equilibrium with respect to regional environmental problems if the follow-
g inequality

T (BT ) 2 o (e o)

holds for every level of environmental standard e;, 0 < e; < 1.

4.1 Free Trade with International Environmental Problems

We assume again that country ¢ = 1,2 specializes completely in the production
of commodity ¢ when switching from autarky to free trade.

In determining the environmental standards, note that, as in the case of autarky,
the propensity towards the protection of the environment still plays an important
role in determining the equilibrium levels of the environmental standards. However,
the governments are less willing to adopt higher standards with an increasing share of
the consumers’ expenditures on the “home” product. This problem does not arise in
the case of autarky, characterized by incomplete specialization in the production of
both commodities. Under free trade, it seems more important to protect consumers
from a too extensive reduction in the production of the commodity due to a high
environmental standard. Our result states that the country with a higher ratio of
the propensity towards protection of environment and the share of income devoted

to its “home” product will adopt a higher environmental standard:

Result 4.1.1 The equilibrium environmental standard is higher in country 1 than

in country 2 if and only if a3/ 01 > Yoiaz/uas.

15



Proof: By using (10)-(11), we find can the values of the environmental standards

associated with an interior free trade equilibrium:

AT — T72(Q13002 + 323 + Q11003) — Yoa11Q3 (14)
! Y1Y2 (13020 + Q303 + aq1ang) + (71 4+ 2 — L)agiags’
IT TY2 (@130 + 3003 + Qr1023) — V10220013

el T = (15)

Yy2(Q13en + aqgaes + aqrang) + (1 + Y2 — 1)aqians

It remains to observe that the only difference between (14) and (15) is the expressions

Yor11 vz and Yy aigery3. Thus, e{’T > eg’T if and only if a3/ 11 > Vo3 /age.0

In contrast to Result 3.1.1 for the autarky case, the values «ay;, ¢ = 1,2, of the
propensities to consume its own product, play a role in this result. A smaller value
of a;; reduces the importance of commodity ¢, which is produced in country ¢ under
complete specialization in free trade. For this reason a smaller value of «;; raises cet.
par. the efforts to protect the environment in country . Moreover, it can happen
that e{’T > eé’T, although aq3 < anz. In this sense, the issue of an “unfair trade”
because of different propensities towards the protection of the environment becomes
blurred.

Let us now turn to the issue of efficiency (or rather inefficiency) of the Nash
equilibrium in our framework. The inspection of the indirect utility functions reveals
that an increase in the environmental standard e; will either increase or decrease
utility vi] T # j. The exact direction of change depends, however, on the values of

T in both a positive and a negative way. Hence, in

the parameters, as e; affects viI ’
equilibrium there could be too much or too little concern about the environment.
There could even be the case that there is too much concern in one country and too

little in the other one.

Result 4.1.2 The Nash equilibrium (e{’T,eé’T) is, in general, inefficient. The na-
ture of the inefficiency depends intrinsically on the values of the parameters of the
model. In particular, for the “symmetric” case, where 3 = v5 = 0.5, ay; = g,

Q1o = 21, (\13 = (a3,

e there is too much concern about the environment if a1 < 0.5,

16



e there is too little concern about the environment if a;; > 0.5,
e the Nash equilibrium is efficient if a1 = 0.5.

Proof: Consider first a symmetric case. By maximizing the (identical) utilities
of two countries in the case where e; = ey, we conclude that the utilities of both
countries are maximized when e; = es = ay3/(1 + ay3). However, by (14)-(15), the

equilibrium standards are given by e{’T = eg’T = a3/ (211 + aq3). Thus,

e there is too much concern about the environment if 2aq; < 1,
e there is too little concern about the environment if 2aq; > 1,

e the Nash equilibrium is efficient if 217 = 1.

It is quite easy to demonstrate the inefficiency of a Nash equilibrium, as we have
done in the autarky case, by simultaneously changing environmental standards in
both countries in the same direction, i.e., either by increasing or decreasing those
levels. It is worth to point out that it is possible to improve the welfare of both
countries, by increasing the standard in one country and decreasing it in another

country.

Result 4.1.3 It is possible that a raise of the equilibrium value of e{’T and a simul-
taneous decline of the value of eé’T yield an increase in the utilities of both countries.

Consider the following example:

Y1 = 05, 11 = 060, 192 = 040, Q13 = 070, 511 = 3, 612 = 1, Zl = 40,
Y1 = 05, o1 = 075, Q9o = 025, Qg3 = 090, 521 = 1, 622 = 1, ZQ = 50.

Assume that country 1 increases its standard whereas country 2 decreases it at the

same rate. We have

d{In(vi" (e7" (1 +1),e5" (1 — t))}‘ _
dt =0

17



1T 1T IT LT

_ane (1265 az(er” —ey”) 0.584 > 0

- IT 1T 1T 1T ~ Y > U,
1—e 1— e (er" +ey”)

d{in(vs" (et (1 4+ 1), ey (1 — 1))} lieo =

dt
1T 1T 1T LT
a1 9065 ags(e)” —ey) ~ 0,005 > 0
- 1 1T 1T 1T 1T ~ Y :
— e 1— e (er" +ey”)

. . I.T . 1, T
Thus, a small increase in the value of ey and a small decrease in the value of ey’

will raise utilities in both countries (see Figure 3).

Harmonization in the sense of identical values of the environmental standards
or in the sense of a uniform percentage adjustment of these values will therefore be
sustainable only in exceptional situations. In view of the above observations, one
of these exceptional cases is provided by countries with identical or almost identical

consumers.

4.2 Free Trade with Regional Environmental Problems

The (interior) values of the environmental standards associated with free trade

equilibrium are given by:

RT 13

e ’ — _ 16
! a1 + Qa3 (16)
RT Qo3

€y = — 17
2 Qo + Qo3 ( )

As in the case of international environmental problems, the propensity towards the
protection of the environment plays an important role in determining the equilibrium
levels of the environmental standards, and governments are less willing to adopt
higher standards with an increasing share of the consumers’ expenditures on the

“home” product:

Result 4.2.1 Let a pair (ei"", ef™) be an equilibrium. Then the inequality el”’ >

ef’T holds if and only if c3/ay > o3 /ey,

18



Proof: Follows immediately from (16)-(17).0

The inefficiency of the equilibrium arises from the fact that a unilateral decrease
in the value of e; raises indirect utility UZR T for i # 7. The convexity of the indiffer-
ence curves then implies that there exist values (eq,e2) with e; < e for i = 1,2
such that v/"" (e, e5) > v/ (el ") for i = 1,2. Thus, there is “too much”
concern about the environment. These conclusions are summarized in the following

result:

Result 4.2.2 The Nash equilibrium (efz’T, e?’T) 15 wnefficient. Specifically, there is
“too much” concern about the environment and an improvement in the welfare of
both countries can only be achieved by a simultaneous decline of their environmental
standards. Furthermore, there exists a value t > 0 such that both countries would be
better off by adopting the standards e; = (1 —t)el™ and es = (1 —t)ek™ rather than

the equilibrium standards.

Proof: Expressions (12)-(13) imply that the welfare of country i is negatively corre-
lated with the a level of environmental standards in country j # i. Thus, a welfare
improvement in both countries is only possible if both countries choose lower levels
of standards.
Consider now the pair of equilibrium environmental standards (e?’T, ef ’T). The
first order conditions for country 1 yield
a1 a3

- RT + RT
1—¢€ el

~0. (18)

Suppose now that both countries jointly change their environmental levels by the

same percentage ¢t > 0. Let us now examine the change in countries’ utilities. We

have
d{l”@f’T(e?’T(l +1), €§’T<1 +1))} _ aner’” arges’”
=0 = — T RT T3~ — R7T-

(18) implies that the last expression is negative. Thus, both countries could be made

better off by a uniform percentage decrease of their environmental standards.O
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As an immediate consequence, in the symmetric case ay; = g9, ajs = Qa1,
13 = a3 both countries are better off by choosing a lower standard e; = e; =
a13/(1 + ay3) rather than el = BT = ags/(an1 + agg).

Given the result on the inefficiency of the Nash equilibrium, harmonized en-
vironmental standards can only be lower than the equilibrium values. This is, at
first glance, a surprising result, closely related to the nature of the inefficiency. More
exactly, a sufficiently small uniform percentage reduction of the values of the environ-
mental standards will increase utilities of both countries in the framework considered
here. Thus, a downward “harmonization” is sustainable in our framework.

However, “harmonized” equilibrium values in the sense of imposing identical
environmental standards improving the situation of both countries exist only for
countries, which are not too far apart in terms of the equilibrium levels of the envi-
ronmental standards in free trade. The multiplicity of those harmonized standards
poses another problem with respect to equilibrium selection (see Figure 4).

The next section contains a comparison of the autarky regime with free trade.

5 Comparison of Autarky with Free Trade

5.1 International Environmental Problems

The issues considered in this section are related to the possibility of a race towards
the bottom and the immiserization in terms of an increasing degradation of the
environment under free trade.

First we observe that even in the case of “symmetrical” environmental effects,
one of the countries would decrease its environmental standard. However, it would

not simultaneously happen for both countries:

Result 5.1.1 Let 3 = 7o = 0.5. It is possible that the inequality ef’A > el s

satisfied for country i. However, if eiI’A > eZ-I’T then E]A < EJT for j #1.

Proof: By comparing the expressions in (6) and (14) we conclude that el > e’

if and only if

Qoo + Qo3 < Q11 + Q11 Q23.
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Similarly, a simple inspection of (7) and (15) yields that e > 5 if and only if
Q1 + Qi3 < Qg2 + Q13-

It is easy to see that the inequalities e{’A > e’ and eé’A > ey’ cannot hold simul-
taneously. However, by choosing, for example, ags and as3 relatively small to aqq,

1A 1T
we can guarantee that e} > ey .0

But even more important question relates to the behavior of the proxy for the
state of the environment in country ¢, E; = v,e;+ (1 —~;)e;, when the country moves
from autarky to free trade. Let us denote the state of environment of country ¢ in
autarky EA = yel? 4+ (1 — %)ejI"A, and under free trade ET = el + (1 — %)ejI-’T.
We show that the first assertion of Result 5.1.1. does not any longer hold and in the
case of symmetrical environmental effects, both values of the state of environment

FE, and E5 would be higher under free trade than in autarky.
Result 5.1.2 Let v, = 7o = 0.5. Then EF > E# fori=1,2.

The proof of this result is presented in the Appendix.
However, if the symmetry of environmental effects is abandoned then it is possible
that the state of environment in one country may decline. again, it cannot happen

in both countries.

Result 5.1.3 [t is possible that the inequality E#* > ET is satisfied for country i.
However, if it is indeed the case then E}* < E] for j # i.

The proof of this result is relegated to appendix as well.

The final result of this subsection demonstrates that equilibrium utility levels in
free trade problems may be below equilibrium utility levels in autarky when inter-
national problems are concerned. The reason for this “immiserization” is, however,
not a degradation of the environment. To the contrary, immiserization arises from
too much concern about the environment accompanied by an undue decrease of the

production levels of the two commodities.
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Result 5.1.4 There exist values of the parameters such that v{’A > v{’T and vé’A >

vs™ . Consider the following example:

71 = 0.5 11 = 005, 19 = 095, 13 = 05, ﬁll = 3, /612 = 1, Zl = 40,
Y2 a1 = 0.90, gy = 0.10, o3 = 0.5, By = 1, Ba2 = 1, Zp = 50.

By using the expressions (2)-(3) and (10)-(11), we have: vi* ~ 17.532 > 14.999 ~
ol and v ~ 18.277 > 17.055 ~ v

5.2 Regional Environmental Problems

The first result shows that for the case of regional environmental problems a race
towards the bottom in terms of an increasing degradation of the environment under
free trade will not happen. The reason is the increase in world output, which is
associated with free trade in comparison to autarky. Thus, there is “more room”
for higher values of the environmental standards, and none of the countries must be

concerned about losing “her higher standards”.

Result 5.2.1 The equilibrium levels of the environmental standards are always higher

RT _ RA .
under free trade: e;”" > e;"" fori=1,2.

Proof: Follows from (8)-(9) and (16)-(17).0

Similar to the case of international environmental problems, by comparing the
equilibrium levels of the environmental standards it is obvious that free trade levels
may be different although the propensities towards the protection of the environ-
ment are identical across the countries. Thus, the issue of “unfair trade” cannot be
justified alone on the basis of differing environmental standards in equilibrium.

The next result demonstrates that also in the case of regional environmental
problems equilibrium utility levels in free trade may be below equilibrium utility
levels in autarky. Again, the reason is not a worse state of the environment, but too
much concern about the environment accompanied by an unwarranted decrease of

the production levels of the two commodities.
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R,A
5 >

Result 5.2.2 There exist values of the parameters such that vf’A > vf’T and v

vl An example is provided by

ap = 0.05, ajp =0.95, a3 = 0.5, B =3, B2 = 1, Z; = 40;
ag1 = 0.90, age = 0.10, ag3 = 0.5, fo1 =1, P2 = 2, Z = 50.

By using the expressions (4)-(5) and (12)-(18), we obtain: vi"* ~ 13.337 > 12.118 ~

ol and vl ~14.902 > 7.881 ~ vl

We now turn to the issues associated with a regulatory interference with the equi-

librium allocations.

6 Regulation

In the context of our results, one can ask whether regulating interference with
supply and demand of the consumption commodities can have a positive effect on
welfare. In particular, is it possible to stimulate the protection of the environment by
unilateral measures such as taxes or subsidies, quota or tariffs, lump-sum payments
or transfers? What will happen to welfare in the country enacting a particular

measure? What will happen to welfare in the country affected by this measure?

6.1 Effects of a Tariff

We shall start our investigation with the effects of a simple proportional tax on
the consumption of commodity 2 in country 1. Observe that because of complete
specialization of country 1 in the production of commodity 1, this tax has all qual-
ifications of a tariff on this commodity. Obviously this issue can be analyzed only
in the framework of free trade. The analysis, however, covers both regional and
international environmental effects.

Assume that ¢ > 0 is a proportional tax on the consumption of commodity 2
in country 1. For fixed values of e; and e; we denote Yi(e;) = (11(1 — e1)Z; and

Ys(ea) = Paa(1 — e3)Z;. We obtain the following conditions characterizing free trade
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equilibrium in country 1 with equilibrium prices p = (p1, p2):

P1211 + P12 = pr1Yi(er)

¢
12P1X11 = Q11PT12,

where pl, = po(1 + t) is the price paid by consumers and p, is the production price
for commodity 2. (Note that tax revenue returned to the households in the form of
a lump-sum payment.)

By solving these equations, we obtain the value of x5 that, obviously, depends
on prices p:
_ pragaYi(er)
(14 apt)

Similarly, the equilibrium conditions for country 2 yield w9y = anaY3(es).

T12

Consequently, from x5 + x99 = Ya(ea) we obtain the equilibrium prices

p1_ an(l+ant)Ys(e,)
D2 a12Y1(61) '

Thus, at the free trade equilibrium we have:

anYI(el)(l + t)

$11(€1,€2) = 1+ ant ) 1’12(61,82) = 04215/2(62)
apaYi(e
$21(€17€2) = %04(1111;)7 $22(€17€2) = 04225/2(62)-

Consider the indirect utility functions V{(e1,es) and Vi(eq,eq) resulting from the
above equilibrium allocation. Given the structure of the above equilibrium con-
sumption levels one immediately observes that the equilibrium values of e; and e,

are not affected by the value of t. More specifically, we have:

141
1+Oéllt

1 0

Vt 7 — - .
! (61 62) 1 + Oéllt

-V and Vi (e, e5) =

with V(ey, e5) denoting indirect utility for the case t = 0. Thus, the introduction
of a tariff does not change equilibrium values of the environmental standards. One

of the reasons of this result is certainly provided by complete specialization in free
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trade: production of the two commodities is cet. par. not affected by the imposition
of a tariff. Of course, the change in international prices due to the tariff has a positive
effect on the welfare of country 1, which can improve its competitive situation under
the tariff.

6.2 Transfer of Units of the Endowment

Next we consider a transfer A > 0 of the endowment of country 1 to country
2. The analysis is again carried out for the case of free trade where environmental
effects can be regional or global in nature. (An analogous analysis could be extended
for the case of autarky.)

For the endowment values Z2 := Z; — A and Z5 := Z, + A and a pair of envi-

ronmental standards e; and ey, we derive the following expressions for equilibrium

allocations:
z4)(e1,e0) = an B (1 — e)) 28, w3y (€1, en) = o1 fPaa(1 — e9) Z5,
$2A1(€17 62) = 0612511(1 - 61)21A7 372A2<€1, 62) = 0422ﬁ22(1 - 62)Z2A-

Again, there is no effect on the equilibrium values of the environmental standards;
welfare may either increase or decrease depending on the precise values of the var-
ious parameters. This result is generated by the assumption of homothetic utility
functions: a transfer of endowments yields a proportional change in demand for both

commodities and for both consumers.

6.3 Transfer of Units of a Commodity

We now assume that country 1 transfers an amount A of commodity 1 to country
2. For the sake of simplicity, we restrict our analysis to the case of international
environmental problems with v; = 75 = 0.5 in an autarky equilibrium. A similar
analysis should hold for the case of a free trade equilibrium.

Let us first consider the equilibrium conditions for country 1. For the production

levels x1; and x12 and autarky equilibrium prices p;; = 12 and p12 = (11 we obtain
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for fixed environmental standards e; and es:

P11T11 + P12T12 = Pnﬁn(l — el)Zh

pn(mn - A)Oém = P12T12011.-

Solving these equations for the production levels z1; and x15 of the two commodities

we arrive at:

r11 = anfu(l—e)Zy + apA
T12 = 0412612(1 - 61)Z1 - @QIQA
B

As a consequence, the equilibrium consumption levels of the two commodities are

given by:
xlAl(ela e2) = rnn—A=ofu(l—e)Z — ol
$1Az(617 e2) = T2 = o2fa(l —e1)Z1 — ﬁ—malgA
11

In a completely analogous way one obtains autarky equilibrium values for the pro-

duction quantities of the two commodities in country 2:

To1 = 0421521(1 - 62)22 — A

Tog = Qa1 —e2)Zy+ @0422A
Ba1

Again, the equilibrium consumption levels are relevant for welfare considerations:

x2A1(617 e2) = Tog+ A =a01(1 —e3)Zs +anA
b
apy(er,e2) = Tap = anfa(l —€2)Zo + /8_22&22A
21
Observe that equilibrium consumption levels are related to each other in the follow-
ing way:

B A A Ba10e91 A
-x (e, es) and 25 (eq, e9) = - xon(eq, es).
Braons (e, e2) ai(er,ez) Barins a(€1,€2)

xlAl (617 62) =
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In the next step, we derive the reaction curves with respect to the optimally chosen
environmental standards. Observe that for the indirect utility we have V2 (ey, e3) =
(28 (e1, €2))11 (25 (e1, €2)) 12 (Fy )3, In view of the above relationship between x4
and %, it is thus sufficient to apply V2 (e, e2) &~ 24 (61, e2)(F)*? for deriving the
optimal reaction of country 1 to e,. Similarly, it is sufficient to consider Vi3 (ey, e3) ~
x5 (€1, e2)(Ey)?? for obtaining the optimal reaction of country 2 to e;.

By using equations V2 (eq, ep)/de; = 0 for i = 1,2 we arrive at the following

expressions for the reaction curves, if we assume vy, = v, = 0.5:

041351121 - 0413A - 5112162
B11Z1 (1 + aq3) ’

042352122 — a3 A — 5212261
Bo1Z2(1 + aia3) '

€1A(€2) =

6’?(61) =

Solving these conditions for the values of the Nash equilibrium (ef"®,e5"®) one

obtains:

AL (a13 4 3003 — @93) P11 21821 22 — cnz(1 + uag) Bo1 Zo A — a3 i Z1 A
! (a3 + cnges + aias) 1121 Bo1 2o ’

oA (a3 + arga3 — ai3) P11 2181 22 + 3(1 + aa3) P11 Z1 A + cusfa Zo A
2 (013 + 3003 + o3) B1121 P21 22 .

We consider next the indirect utilities V;2(e"?, e5"®) and V2 (e, e5"®) in the Nash
equilibrium. For the derivative dV;2 (e, e5"*)/OA at A = 0, we can derive the
following formula:
OV (e, ™)
0A

&23(51121 - 52122)
(o3 + a3z + qa3) P11 21021 22

|a=0> 0 <= +1>0.

Similarly, the corresponding condition for welfare in country 2 reads:

0413(51121 - 52122)
(013 + Q13003 + (i23) 51121021 22

OV (er e )
0A

la=0> 0 <= +1>0.

Thus, (1141 > (2125 is a sufficient condition for an increase in welfare in both

countries for small values of A.
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Moreover, if we consider

204130423@121 - 52122 + 04130623A(511Z1521Z2)
(013 + sz + qa3) P11 21021 22

then we observe that the same condition also guarantees an increase in the sum of

AA AA
61 + 62 ==

the environmental standards.
For arbitrary values of A the derivatives of the indirect utility functions with

respect to A are given by:

ovit Q931121 A
- Z — Zy)eh ™ +
9A (0413 + 130093 + 0423)5112152122 (ﬁll 1 — B2 2)

+ a3l — 614’A)/51121 — a3,

(9V2A 041362122 A
- 71 — Po1Zs)e™ +
9A (0413 + Qquy3Qr03 + 0423)5112152122 (511 1 — B 2)

+ 0423(1 — €§’A)62122 + OéQgA.

As an immediate consequence, welfare in country 2 will always increase given the

above condition, whereas welfare in country 1 may decrease for larger values of A.

7 Final Remarks

In this paper we investigated some of Bhagwati’s genuine problems, interfering
with free trade and the environment. In a model based on comparative advantage
we demonstrated that environmental standards can be different in free trade equi-
librium although the propensities towards the protection of the environment are
identical. Thus, the issue of “unfair trade” is problematic at least as long as it is
based on differing environmental standards alone. With respect to the problem of
“losing one’s higher standards” our results are ambiguous, at least for the case of
international environmental problems.

“Immiserization” can happen, both for the case of regional and international

environmental problems. The reason is, however, a too strong emphasis on the
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environmental issues, and not an increasing degradation of the environment in equi-
librium.

Some results on the possibilities of affecting the other country’s environmental
policy by regular instruments of the trade policy demonstrate that only the transfer
of units of a consumption commodity may have the required effect. These results

depend, however, substantially on the structure of the model.

8 Appendix

In order to prove Results 5.1.2 and 5.1.3 we will use the following lemma:
Lemma: (i) The inequality ET > E{* holds if and only if
Qi+ Q2+ 3+ Qs>0,
where
Q1= mY(m + 92 — 1)aus(aa + ags — ajnae — anaass),
Q2 = Vi3 n3003(022 + Qo3 — a1 — Qa103),
Q3 = 7%72(1 — Y1) aazaas(anr + a1z — gy — axans),

Qs = (1 —y)n(n + 72 — Danaz(an —1).

(ii) The inequality EY > Fj' holds if and only if
Ry + Ry+ R34+ Ry > 0,
where
Ry = m172(7 + 72 — Dags(air + aiz — aiaes — agjansars),
Ry = Yiy5a1sans(an; + on3 — gy — ap0n3),
Ry = 71173 (1 — 72)azoas(as + s — anp — aaiong),
Ry= (1 =)0+ — Danag(az —1).

Both assertions follow from (6)-(7) and (14)-(15) by evaluating the differences
ET —EA =~el "+ (1 —%)ejI»’T — (el 4+ (1 —%)e]I-’A) fori=1,2and j # 4.0

29



Proof of Result 5.1.2 Consider country 1. Note that if 74 = 75 = 0.5, then
Ql = Q4 = 0. But then

1
QQ + Q3 = E@130423(Oé22 — Qo3 + Q1 — 04110423)) > 0,

which, by the Lemma, implies that ET > E{*. The assertion for country 2 is proved

in a similar manner.O

Proof of Result 5.1.3 Let 73 + v > 1. This implies that vy > 1 — v, and
V9 > 1 — 7, that guarantees that both @)1 + 4 and R; + R, are positive numbers.
Assume that a7 < age. Then ()3 > 0 and, moreover,

Q2 + Q3 > 7%72(1 — Y1) 133 a3 — Qp1e3 + gz — aeagg)) > 0,

that implies that, at least one of the countries would raise its state of environment
under free trade.
To show that one of the countries may indeed experience a decline of its state of

environment, choose 7, = 1, 79 = 0.5, a3 = a3 = 1. Then Q3 = @4, =0, and

1
Q2+ Q3 = 5(0422 — Qg — 1)),

which is negative whenever ay; > age. Thus, Ef < E{.0
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