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ABSTRACT

This paper is a theoretical analysis to develop an opti-
mum environmmental policy for developing countries in the pres-
ence of distortions in markets. A theoretical model is con-
gtructed using a case of international relocation of indus-
tries from developed to developing countries. The model
demonstrates that the Pigouvian approach dees not result in
a social optimum due Co distortions in labor and foreign ex-
change markets. It is shown that the second-best optimal tax
rates should differ from the Pigouvian ones as far as there
exist distortions of any kind in the national economy. The
analysis also illustrates that the optimal tax rates can not
be zero. These results indicate that fundamental changes in
current environmmental policies are necessary in most less de-

veloped countries.
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I. INTRODUCTION

In the face of rapid industrialization and urbanization, the management
of environmental quality has become one of the mest pressing issues of public
policy in less developed countries (LDC's). Nonetheless, studies of environ-
mental pelicy based on the unique institutional and economic characteristics

of LDC's are rare. Most of the existing studies of national environmental

policies are conducteé in the context of a closed ecomomy and without due
consideration of the effect of market distortions. Studies following this
tradition often suggest the Pigouvian effluent tax as a major instrument of
environmental policy. However, the policy guidelines derived from the exist-
ing studies may not be appropriate for LDC's, since they do not properly

take into account the peculiar economic conditioms of these countries.

In this paper, we present a theoretical analysis to develop a guideline
for an optimum envirommental policy for LDC's in the presence of market dis-
tortions. In order to investigate the unique nature of environmental pollu-
tion in 1LDC's in relation to international economic interdependencies, a
theoretical model is formulated by using a case of relocation of industries
from more developed countries (MDC's) to LDC's. With this model, we dem-

onstratée that the conventional environmental policy using the Pigouvian
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approach dces not result in a socially optimal management of the environment
due to distorticne in labor and foreign exchange markets in LDC's. It is
also shown that the second-best cptimal tax rates should differ from the
Pigouvian ones as far as there exist distertions of any kind in a naticnal
economy. Finally, the model illustrates that the optimal tax rates cannot

be zero. These results suggest that most ILDC's need to undertake fundamental
changes in the structure of their environmental policies.

THe organization of this paper is as follows. In the second section, the
policy setting, assumptions and the structures of the basic model are presented.
Then, in the third section, the optimal effluent tax in the presence of market
distortions is derived and explained. It also briefly discusses equity issues
related to the second-best environmental taxation. Finally, the last section

summarizes and discusses the results of the analysis.

IT. THE MODEL

2.1. Policy Setting and Assumptions of the Analysis

The objective of an LDC govermment is to determine an appropriate level of
taxes on environmental damages caused by industries in order to maximize the
social welfare. A private firm, in the meantime, tries to maximize its profit
by choosing a certain scale of production, taking environmental taxes as a
parameter. Specifically, we will consider a firm which is involved in a move-
ment of production facilities from an MDC to an LDC. Increasing trends of such
movements observed in recent years render our interest in the specific case
worthwhile. Motivation of relocation for an MDC firm generally includes lower
wage rates and favorable tax provisions available in an LDC. On the other
hand, an LDC government expects benefits from increased employment opportuni-

ties, learning of new technology and occupational know-how, and possible savings



from import substitution. Since we can expect that many firms in Mbc's are
interested in moving their production facilities te ILDC's in pursuit of such
benefits, it is reasonable to assume that a firm in an LDC can freely choose
a certain scale of production to maximize its profits.

Details of the assumptions for the model are as follows: First, while
there is a fixed relationship between the operating capacity (g) of a certain

production facility and the amount of labor required (iq) such that

:qu = glq) with g' >0
the relative ineffectiveness of the labor in an LDC makes it necessary to asgsign
a larger amount of labor to the same facility. Assuming proportionality, the
amount of labor required in the LDC (2:) is expressed as

O —
2y = Bg(q)

where £ denotes the index which represents the degree of relative inefficiency
of an average worker in the LDC (B > 1). Second, all countries are assumed to
he so small that none of them can affect the international price of the commodity
in question, PI, by itself. Third, the LDC is now levying tariffs on the
commodity at the rate of f. The tariff rates are assumed to be set optimally

in view of specific objectives of the LDC government, the most important of which
is probably the balance of payments considerations. TFourth, the externalities
considered in this study are assumed to be of the public variety. It is also
assumed that the onlvy way to change the level of the emigsion of pollution is

by changing the level of outputs. Fifth, without loss of generality, it is

assumed that the official exchange rate vis-a-vis a representative foreign



currency is 1. Sixth, the firm in the LDC which imports production facilities
is the single producer of the commodity in domestic markets.

2.2. Behavior of a Private Firm

A firm in an LDC which has imported a production facility from an MDC tries
to maximize its profit by deciding on a certain level of production. The firm's
profit can be defined as total revenue less labor costs, rental price of the
production facilities payable in foreign currencies,l/ and effluent charges.

Thus, we obtain

(1) Max T = P(q)q - w;pg(q) ~ r(@) - tyolp
q
where P{g) = price of the product
Wy = market wage rate in the LDC
g(q) = amount of labor inputs
r(q) = rental price of the production facility
tl = pollution tax rate in the LDC
0(q) = amount of pollution emitted.

Before we discuss the conditions for profit maximization, some explanations
about the shape of the function P{(q) are hecessary. Let us suppose that the
domestic demand schedule in the LDPC is given by a differentiable inverse demand

function,

(2) By = b(q) ,

where D'(q) < 0.

In an open economy, the maximum price a domestic producer can charge is

given bygj

(3 = (l+f)PI.

P
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We should also note that the producer would not sell in domestic markets if the

domestic price is less than PI. Therefore, the minimum price he can charge

for his product is
(4) P_=P_.
Then the effective demand schedule of the firm is as follows:

(5) P(q) =P, for q> g,

I
D{q) for gq; <q2gq,
(l-{-f)PI for qy > q

where qq and 4, denote the quantities which satisfy

(&) D(ql) (1+f)PI and

il

(7) D(qz) P respectively.

I!

This relationship and the corresponding marginal revenue curve are presented
graphically in Figure 1.
Assuming that the second-order condition is satisfied, the first-order con-

dition for a profit maximization is

(8) P'(q)q + P(q) - w Pg' (@) - r"(q) - £,9'(@) =0

for ¢ # q;, q,

and

€)) Lim P'(q)q + P(q) < PMC(ql) < (1+f)PI
a7 49

for q =g

1



The first two terms of (8) represent the marginal revenue and the remainder
the private marginal costs of the firm. Note that the private marginal costs
in this case include effluent taxes,

A unique sclution is obtained from the first-order condition, when the
marginal cost curve is located above (or on) PMC., or below {or on) PMC

3 5

in Figure 1. However, if the marginal cost curve lies between PMC3 and PMCS,

there may exist more than one solution. Therefore, for a marginal cost curve

such as PMC4 in Figure 1, we should check the following:

(10) 7(q) = m(g) .

Al vV

2.3. Criteria for a Social Optimum

As described above,. the choice of a profit maximizing scale of production
by a private firm is solely based on market prices. In defining a social optimum,
however, market prices often turn out to be an inappropriate criterion. This is
egspecially true in an LDC in which various kinds of distortions exist in various
sectors of the economy for institutional as well as economic reascns. In the
presence of market distortions, social preferences, which are often articulated
by means of national objectives, may not be appropriately transmitted by the
market system into the pricing of goods and services. It is, therefore, neces—
sary to adjust market prices to reflect the underlying opportunity costs. In
the context of this paper, two soufces of diétortions make the use of market prices
inappropriate in defining a social optimum. The first one is the distortion
in labor markets. Tt is widely acknowledged that the market wage rate in LDC's
is a poor indicator of the social wvalue of laber. The other distortion comes
from foreign exchange markets. A typical LDC government tends to keep its do-
mestic currency overvalued for various reasons.gj These considerations lead

us to use an appropriately calculated shadow price to define the social optimum.
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Let L and e be the shadow wage rate and the shadow price of foreign
exchange which reflect the social values of labor and foreign exchange, re-

spectively. Then, the social cost of production S8C{q) becomes,
(11) 8¢(q) = w_Bg(q) + e_r(q) + E(a(q)).

The rental price of the production facility used by the LDC is multiplied by
the shadow price of foreign exchange, since it should be paid in foreign cur-
rencies. We should also include the cost of environmental damages generated
by the production facilities, E(d(q)), in the soecial cost. Thus, using

e P as the shadow price of the product, the net social surplus from the pro-

s I

duction activity can be expressed as
(12) V=ePq-wiBsla - er(q - E@)).

The socially optimal scale of production is the one which maximizes the net

social surplus,

TiI. OPTIMUM ENVIRONMENTAL TAX

3.1. Derivation of Optimal Effluent Tax

It was shown in the previous section that a private firm tries to maxi-
mize its profit by taking the rate of gffluent tax, tl’ as a parameter. There-
fore, the scale of production, g, is determined by the chosen level of the
effluent tax rate. The objective of the LDC government is to set an optimal

level of ¢ so that the private profit maximizing scale coincides with the

13
socially optimal one. The maximum net social surplus can be obtained by a

certain rate of tax per unit of pollutant. The first-order condition for a

social optimum is, then,

' ' dEldi__
(13) {eS[PI - r'(@Q] - wBg'(q) - G }dtl = Q.
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Since dq/dtl is not zero, the expression contained in the bracket should

be zero. Substituting (8) into (13) yields

(14) eS[WiBg'(q) + P+ 6% () - P'(g)q - P(Q)]

- w Pg'(q) - %%ﬂ'(q) = 0.

Solving (14) for ¢ we obtain the following:

l’

I

_ dp/ds P'(q)q + P(q) - P

(15) ti =

s a' (q)

+ (_E_“ W ).ﬁﬁlgﬂl

€y 1 o' (q)

for q # Aqs 9p-

This is the expression for the optimal effluent tax which maximizes the net
social surplus. The Pigouvian tradition suggests that the optimal rate of ef-
fluent tax be set equal to its marginal environmental damage, i.e., dE/da in
the context of this model. But, the above solution shows that in the presence
of market distortions the optimal effluent tax does not always match with the
marginal impact on the environment (see Figure 2). The Pigouvian prescription
coincides with the above solution only if there is no distortion in the LDC,
and if the domestic producer's marginal revenue, (P'(gq)q + P(q)), 1is exactly
the same as the international price.

The first term of the expression for tf shows that the marginal en-
vironmental damage should be either deflated or inflated by the shadow price of
foreign exchange. Intuitively, this is appropriate, because the import substi-
tution (or export) made possible by the domestic production activity results in
savings in foreign exchange, and an adjustment should be made for the distortion
of foreign exchange markets in evaluating the value of the savings incurred.

If the shadow price of foreign exchange is higher than the official exchange
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rate, i.e., e, > 1, the tax rate directly attributable to the environ—
mental damage should be smaller than that prescribed by the Pigouvian approach.

The second term of (15) contains two factors. The first term, the numer-
ator, P'(q)g, is an adjustment for the monopoly power of the producer. As
shown by Barnett (1980), if the producer has some monopoly power in the market,
the tax rate may be lowered to reduce the distortion caused by underproduc-
tion.i/ The remainder of the numerator, P(q) - PI’ adjust for the discrepancy
between the domestic price and the international price. If, in the neighbor-
hood of the social optimum, the domestic price is higher than the intermatiomnal
price, the tax rates should be raised. This implies that a producer who sup-
plies at the price higher than the international price, which can be associ-
ated with the opportunity cost of the product, should be penalized.

The last term of (15) represents an adjustment for the distortion in the
labor market. Suppose that the current wage rate seriously underestimates
the true opportunity cost of labor. Then, L should be greater than Wy . If
the difference between the two is so large that WS/eS is larger than Wys
the second-best tax rates should be raised accordingly. 1In cases where the
shadow wage rate is higher than the market wage rate, the private firm, whose
production decision is solely based on market prices, tends to overexpand the
scale of operation. Raising the tax rates will offset this tendency. If, on
the other hand, WS/ES is smaller than Wys the tax rates should be lowered.
This is because the firm is paying more to labor than what it is actually worth
from the viewpoint of the society.

Unless we have all the information necessary to determine the second-
best optimal tax rates, we cannot tell, on a priori ground, whether these are

higher or lower than the Pigouvian tax rates. The sign differs depending

upon the location of the social optimum. The sign of the third term is also
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ambiguous. We do not know offhand whether the shadow wage rate in a certain
country is higher or lower than the market wage rate. Most of the existing
studies on cost-benefit analysis suggest that, for unskilled labor, W ig
likely to be lower than Wi while the opposite holds for skilled labor. The
value of the last term will be determined by the wvalues of W € and Wy
in a specific country in question.

| It should be also noted that, when the socially optimal scale of production
is equal to 3 not just a single tax rate, but a whole band of tax rates
can induce the private firm to choose the speqific scale of operation. This
situation is graphically explained by Figure 3. The other point to note is
that it is impossible to induce the private firm to choose some level of pro-
duction around 4, with the second-best optimal tax since there is some dis-
counting in the profit maximizing scale of production for this firm around a9
(see Figure 1). 1In this case, other policy instruments may be needed to induce
the firm to choose the socially optimal scale of preduction.

As indicated by (15) the second-best optimal tax rate does not depend on
the existence of tariffs in any significant way. Therefore, the whole analysis
could have been carried out without assuming the existence of tariffs. Had we
assumed that mo tariff exists, equation (15) itself would have remained the
same. Only the value of the second term of (15) would have been changed.

To summarize the foregoing analysis, it seems Important to emphasize first
that the second-best optimal tax rates should be diffgrent from the Pigouvian
ones as long as there exist distortions of any kind in the national econemy,
Second, the optimal tax rates cannot be zero. It is under very unusuval cir-
cumstances that the value of 'tﬁ, becomes zero. Typically, LDC governments
do not levy taxes on pollutions generated by industrial facilities coming from

MDC's. The justification for this practice is usually based on employment



-13~

PMCZ(With tax)

s
’

C 7 PMC. (with tax)}
y; 1

SMC

PMC (without tax)

Figure 3



- 14 -

effects or foreign exchange savings effects which can be brought about by
accommodating industrial facilities from MDC's. The present analysis shows,
however, that in maﬁimizing the net social surplus, it is normally desirable
to use positive rates of the effluent tax.

3.2, Equity Considerations

The analysis in this study is mainly focused on the efficiency aspect of
the problem. The control of pollution is considered from the viewpoint of
maximizing the absolute level of net social surplus. More complicated problems
arise once equity issues come into the picture. Unless the LDC government pur-
sues an appropriate redistributive measure to deal with equity problems caused
by the tax rule proposed here, our claim for a second-best optimality may not
be justified. Although most LDC's actually employ some kinds of redistributive
measures, some points of caution are in oxrder.

First, the adjustment for various distortions proposed in this study may
affect different economic groups in different ways, although the exact direc-
tions of effects are difficult to predict. For example, the adjustment for the
monopoly power, included in the second term of the expression ti, is in ef-
fect giving a subsidy to a monopolist for its monopoly power. In general, in
the context of a typical LDC, it is difficult to justify such a kind of sub-
sidy on economic or political grounds.

Second, as far as the production facility imported to the LDC is owned in
its entirety by its own nationals, appropriate redistributive measures can
accommodate some of the inequity problems caused by the proposed measure. How-
ever, if the production facility is partly or solely owned by the nationals
of the exporting country or any other foreigners, no domestic redistributive
policy can deal with inequity issueé;é/ In reality, foreign ownership is a

rule rather than an exception for many production facilities in LDC's imported
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from MDC's. Therefore, if the firm in question is actually owned at least
partially by foreigners, the governments of the LDC need to consider equity

issues across nations in an explicit manner.

Iv. SUMMARY AND DISCUSSIONS

In this paper, we have presented a theorvetical analysis of an optimum
environmental policy in LDC's under market distortions. We have noted that the
conventional approach to envirommental policy using the Pigouvian concept is
not appropriate for our problem. To control environmental pollution optimally,
it is necessary for an LDC government to levy an environmental tax which is
different from the Pigouvian one. It was shown that the divergence of the
second-hbest optimal tax rates from the Pigouvian ones is a result of distor-
tions in LDC markets. However, we note that the second-best optimal tax pro-
posed here does not itself deal with equity problems that may rise. Tn par-
ticular, in a case where a production facility in an LDC is at least partially
owned by foreigners, a very difficult problem of distribution may take place
across countries.

The analyses presented in this paper have considered a special case of
environmental problems arising from relocation of production facilities from
MDC's to LDC's. But, the basic framework of the model is applicable to a prob-
lem in a more general setting. For example, the framework of the present model
can be usefully emploved for an analysis of an optimal pollution control of
purely domestic industrial facilities in a country with market distortions.

Probably the most difficult problem in the implementation of the second—
best optimal effluent tax is the collection of relevant information. First
of all, the calculation of shadow prices is by no means an easy job. Second,

it is also difficult to obtain proper measurements of the envirommental effects
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of production activitieé. These problems are not unique to our case. It is
one of the most difficult and well-acknowledged problems in the implementa-
tion of the Pigouvian tax (Baumol and Oates, 1975). Finally, substantial

amounts of econometric analyses are required to estimate the demand and the

cost functions.
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FOOTNOTES

Rental price is simply defined as the cost of using the production
facility by the ILDC firm. We have used various specific definitions

of the rental price and found out that they do not result in a signifi-
cantly different result for our purpose.

There is no reason to expect that the tariff on the specific product will
be abolished in the LDC with the acceptance of production facilities. We
also assume that transportation costs of products are negligible.

While pure theories of international finance suggest that a country

has good reasons to keep its own currency undervalued, a surprisingly large
number of LDC's have shown just the opposite tendency. Concerns over the
inflationary spiral prompted by increasing prices of imported goods and
political pressure from businessmen, most of whom are debtors in foreign
currencies, among others, are the most commonly cited reasoms for taking
such a seemingly paradoxical step.

Note that this situation arises when P'(q)q £ 0. But, in case of

q < g4 and q > qys P'(q)q would be equal to O, and therefore monopoly
adjustment is mnot necessary.

For discussion of equity issues, see Lee and Lim (1981).
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