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Abstract:  'We present a three-sector general equilibrium model with an informal sec-
tor, which produces an intermediate input for the formal sector, and analyze the effects
of different policies on the environmental standard and welfare of the economy. Since
the informal manufacturing sector creates pollution, higher the use of the informal sec-
tor’s product, higher is the pollution created and higher the discrepancy between the
actual and the permissible levels of pollution, so that the emission tax payable by the
formal sector is also higher. The efficiency of a representative worker is inversely re-
lated to the level of pollution. In this setup, we show that even if the permissible level
of pollution is reduced, the polluting sector may expand and worsen the environmental
standard. However, this policy may be welfare improving. On the other hand, an inflow
of foreign capital may reduce the pollution level but affect welfare adversely. The paper
finds that there might exist a trade-off between the economy’s twin objectives of lower-
ing the level of pollution and improving national welfare. These results are new in the
trade and environment literature.
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1. INTRODUCTION

In recent years, pollution control is considered as one of the most important among
all the policy measures facing the policy makers of the developing countries. Pollution
is perhaps an unavoidable accomplice of economic growth and development. Develop-
ment fosters higher consumption demand, larger population size (due to a lower death
rate) and a high standard of living, generating more discharges to the environment in the
form of smoke, scraps, wastes and garbage causing greater pollution. At the same time,
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people of a developed nation usually demand higher standards of living atmosphere.
As the absorbing capacity of nature is already saturated, pollution cannot be allowed
to increase infinitely since it poses a serious threat on the entire living world. Thus a
possible solution to this problem is a trade-off between pollution level and economic
growth.

Most countries have taken significant movements to protect environment, and the de-
veloped ones have successfully been able to combat pollution to a large extent. But
for the developing countries, a major problem in regulating environmental standards is
the persistence of an informal sector.! The informal sector constitutes a large part of
the manufacturing and service sectors. On the basis of the works of Agenor (1996),
Cole and Sanders (1985), Majumdar (1993), we find that informal sectors provide most
of the employment in most of the developing countries. Empirical evidences (see for
example, Papola (1981), Romatet (1983), Joshi and Joshi (1976)) also suggest that the
urban informal sector units mostly produce intermediate inputs for the formal manufac-
turing sector on a subcontracting basis. It also suggests that this sector is a major source
of environmental pollution. For example, in the city of Kolkata, India leather tanning
process is handled by the informal sector. Similarly, for the garments industry the dye-
ing of garments are done by the informal sector participants on a subcontracting basis.
Both tanning and dyeing pollute the environment considerably. Thus, it can be argued
that one major reason behind the environmental degradation in the developing countries
with expansion of economic activity is the wide prevalence of the urban informal sec-
tor. Usually, legislative authorities adopt two major types of environmental regulation,
namely, command and control and economic incentives. In case of command and con-
trol, the regulator specifies the steps to control pollution after collecting the necessary
information regarding the polluter. Economic incentives can take the form of pollution
fees, marketable permits and liability.? Although these methods can be implemented
for the formal sectors in developed countries, the unregistered informal manufacturing
units cannot be forced or induced to internalize the environmental costs inflicted on the
society due to two reasons. First, these units are unregistered, geographically dispersed
and it is quite difficult to identify them. Hence they cannot be kept under the surveil-
lance of the regulating authority. Secondly, the informal sector units with a nominal
capital base cannot afford to pay pollution fees or install pollution abating equipments.
However, the significant amount of pollution created by them cannot be left unattended.

Biller and Quintero (1995) have examined leather tanneries in Bogota, Colombia. In
addition to tanneries they identify the metalworking, electroplating, and textile indus-
tries, automobile repair shops, and brick manufacturing as typical informal sector ac-
tivities causing severe contamination. Blackman and Bannister (1996) have presented

1 Enterprises, which are unregistered and engaged in manufacturing, construction, transport, trade, service
sectors etc. constitute the informal sector. Unlike the formal sector firms the informal sector units do not
receive any benefits from the state in the form of tax concessions and they are also outside government
regulation.

2 See Kolstad (2000) for more details.
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the results of an econometric analysis of the diffusion of propane among informal ‘tra-
ditional’ brick-makers in Cd. Judrez, Mexico and suggested that community pressure
applied by private-sector trade and neighborhood organizations can generate strong in-
centives for the informal firms to adopt clean technologies. Blackman (1999) has de-
veloped a list of feasible environmental management policies.

Among the many alternatives, one of the possible solutions may be to target the
formal sector with the capability of bearing the external costs. Most of the informal
sector products are used as intermediate goods by the formal sector (for example, in
shoe industry, garment industry, etc.). This is particularly beneficial for the formal
sector since labor is cheap in the informal sector and due to absence of labor legislation
laws, labor can be fully exploited. Now, if the formal sector is made to pay for its use
of the output of the polluting informal sector, it may work as an indirect incentive to
reduce informal sector production, generating less pollution.

The central objectives of the present paper are as follows. We consider a three-sector
general equilibrium model with an informal sector, the output of which is used as an in-
put in the formal sector. We have assumed that environmental pollution occurs through
the production of goods by the informal sector. The formal sector firms are made to
pay a pollution emission tax if the actual level of pollution exceeds a certain permis-
sible limit, decided by the pollution regulatory authority. The tax revenue collected
from this source is transferred to the workers as they are the victims of environmental
pollution. Labour endowment is measured in efficiency units where the efficiency of a
representative worker is inversely related to the level of pollution. So, any changes in
the actual level of pollution affect the efficiency of the workers and hence the effective
labour endowment. This again causes a change in the inter-sectoral output and the level
of pollution. Higher the use of the informal sector’s product, higher is the pollution
created and higher the discrepancy between actual and permissible levels of pollution,
so that the emission taxes payable by the formal sector is also higher. In this situation,
we show that even if the permissible pollution level is reduced, the polluting sector may
expand and produce a perverse effect on the actual environmental pollution level of the
economy. However, this policy is likely to influence national welfare favourably. Next,
we have analyzed the effects of indirect policies like an inflow of foreign capital on the
level of pollution and welfare of the economy. We have found that an inflow of foreign
capital,’ although may lower the level of pollution, affects welfare adversely. According
to the conventional wisdom an inflow of foreign capital is likely to increase the level of
pollution by increasing the size of the formal and the informal sectors but leaves welfare

3 An inflow of foreign capital is sometimes accompanied by technology transfer including Environmen-
tally Sound Technology (EST). As a result of foreign direct investment, residents of the host country come
into contact with foreign entrepreneurs who possess superior technical skills and know how. These new
ideas lead to transfer of technology from the foreigners to the residents of the host country and it takes place
through observation, discussion and training. This transmission can be considered as a spillover or external
effect on the host country. So technology transfer in developing countries takes place mainly through foreign
direct investment. However, we here do not consider the case of technology transfer. There is a separate and
well-enriched literature in this area. See for example, Mansfield (1961, 1968), Koizumi and Kopecky (1977),
Findlay (1978) and Gupta (1998).
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unaffected in the absence of any tariff-protection of the import-competing sector. Quite
interestingly, we have found that an inflow of foreign capital may reduce the pollution
level but lead to welfare deterioration even in the absence of any protectionist policy.
On the other hand, a direct policy e.g. a reduction in the permissible level of pollution
designed to mitigate pollution, contrary to the common belief, may become counterpro-
ductive in the given setup. Thus, in both cases the paper finds that there might exist
a trade-off between the economy’s objectives of improving the environmental standard
and improving national welfare. These results are new in the literature on trade and
environment.

2. THE MODEL

We consider a small open economy with three sectors operating at close vicinity.
Sector 1 (rural sector) produces an agricultural (export) commodity using capital and
labour. There are two manufacturing sectors: formal (sector 3) and informal (sector
2). The informal manufacturing sector produces a non-traded input for the formal sec-
tor using capital and labor. The formal sector is the tariff-protected import-competing
sector producing a manufacturing commodity using capital, labor and the non-traded
input produced by the informal sector. Capital is mobile among the three sectors. On
the other hand, labour is perfectly mobile between the agricultural and informal manu-
facturing sectors. But the formal sector faces an imperfect labour market. It is assumed
that labor in the formal sector earns a contractual wage, W*, while the wage rate in the
informal sector, W, is market determined with W* > W. Owing to our small open econ-
omy assumption, we consider that the final commodity prices are given internationally.
The price of the non-traded input produced by sector 2 is determined endogenously.
Production functions exhibit constant returns to scale* with diminishing marginal pro-
ductivity to each factor. The three inputs, capital, labor and the non-traded input, are
fully employed. The aggregate capital stock of the economy consists of both domes-
tic and foreign capital and these are perfect substitutes. Income from foreign capital is
completely repatriated. Finally, commodity 1 is chosen as the numeraire.

The following symbols will be used in the formal presentation of the model.

aki = capital-output ratio in the ith sector,i = 1,2, 3;

ar; = labour-output ratio in the ith sector, i = 1, 2, 3;

az3 = amount of intermediate input required to produce 1 unit of commodity 3 (tech-

nologically fixed);
P; = 1 (commodity 1 is the numeraire);
P3 = world price of good 3;
P> = endogenously determined price of the non-traded input;
m = ad-valorem rate of tariff on the import of commodity 3;
Pi = P3(1 + m) = tariff-inclusive or domestic price of commodity 3;

4 Production in the import-competing sector, apart from capital and labour inputs, requires a non-traded
input, per-unit requirement of which is assumed to be technologically fixed. However, labour and capital are
substitutes and the production function displays the property of constant returns to scale in these two inputs.
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h = efficiency of each worker;
W = competitive wage rate (in efficiency units);
W* = unionized wage in the formal sector (in efficiency units);
r = return to capital,
X; = output level of the ith sector, i = 1, 2, 3;
L = labour endowment of the economy in physical units (normalized to unity);
K p = domestic capital stock of the economy;
K = aggregate capital stock of the economy including foreign capital;
Z = actual level of pollution in the economy;
Z = permissible level of pollution;
T (-) = aggregate pollution emission tax;
6j; = distributive share of the jth input in the i/th sector, i = 1, 2, 3;
Aji = proportion of the jth input employed in the ith sector, i = 1,2,3;
o; = elasticity of substitution between capital and labour in the ith sector, i =
1,2,3;
Y = national income at world prices;
A = percentage change.
The general equilibrium is represented by the set of following equations:
Given the assumption of perfectly competitive markets the usual price-unit cost
equality conditions relating to the three sectors of the economy are given by the fol-
lowing three equations, respectively.

Wapy +rag) =1 (1)
Wair+rakr =P (2)
T(Z(X3) — Z
Wiars + raxs + Paazs = Py(1 4m) — oD =D 3
3

The rural sector does not generate any pollution® and without any loss of generality
it is assumed that the informal sector is the only polluting sector® so that pollution level
(industrial emission), Z, is a positive function of the production level of the informal
sector, X2, 1.€.

Z=27(X2):Z >0.

For the sake of analytical simplicity, we assume that Z(-) is strictly proportional to
X2. So, we write

5 This is only a simplifying assumption. A typical rural sector is assumed to produce a primary ex-
portable commodity. Production of primary exportable commodities also vitiates the environment through
use of chemical fertilizers and pesticides. However, the amount of pollution generated by the rural sector is
insignificant relative to that produced by the manufacturing sectors.

© Qualitative results of the model remain unchanged even if the formal sector is also assumed to produce
pollution. As formal manufacturing sector uses an input produced by the informal sector at a fixed proportion,
an expansion of the formal sector implies an expansion of the informal sector. Thus, the qualitative effect of
any policy on the informal sector’s output (and hence on pollution) is equivalent to the case where both the
sectors are assumed to generate pollution.
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Z=272'X,7>0,2"=0 @

In other words, Z’ is constant.

Even though the informal sector is the only polluting sector, it cannot be brought di-
rectly under government regulation simply because these are unregistered units. Hence
it is only the formal sector, which can be compelled to maintain the environmental stan-
dards by making them pay emission tax for the pollution created by them indirectly by
the usage of the input produced by the polluting informal sector. Now, let Z be the per-
missible level of pollution, which is a policy parameter of the government. Greater the
discrepancy between the permissible level, Z, and the actual level of pollution, Z, more
is the deterioration in environmental standards and hence higher the aggregate pollution
emission tax, T, borne by the formal sector.

We define the emission tax function as follows.

T—[ 0 for X2 < X»:; and, .
TlTZX)-2); T'>0 for X7> X».

We explain this emission tax function as follows. We have already stated that the
informal sector is the only polluting sector, the level of pollution increases with an
increase in the level of production of this sector and that there is a permissible level of
pollution, denoted Z. Let X be the level of production at which Z(-) = Z. So, for any,
X2 < X, the level of pollution in the economy does not exceed the permissible limit
and the emission tax borne by the formal sector is zero. But, once X, surpasses X2,
the pollution level goes above the permissible limit and the emission tax on the formal
sector becomes positive. The amount of tax increases as the difference between X, and
X> (and hence between Z(-) and Z) increases. As our policy analysis is meaningful
only when Z(-) > Z, we concentrate solely on the case where X7 > Xs.

The entire emission tax revenue is transferred to the workers in a lump-sum fashion.

The right-hand side of equation (3) denotes the unit domestic price of X3 net of emission
T(Z(Xy)~Z)
X3

&)

tax where
sector has to bear.
Complete utilization of capital in the economy implies that

ag1 X1 +ag2X2 +ag3 X3 =K (6)

where ak; X; is the amount of capital employed in the ith sector withi = 1, 2 and 3.

The output of the informal sector, X», is used entirely for producing X3, so that the
supply of X is circumscribed by its total demand by sector 3. The demand—supply
equality condition is given by

is the effective emission tax per unit of output that the formal

X, = X2D = a3 X3 @)

Here, a3 is assumed to be a constant. This means that to produce one unit of the formal
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sector’s product a3 units of the non-traded input are required.”

It is assumed that the efficiency of a representative worker, £, is inversely related
to the level of pollution, Z, in the economy. Environmental pollution leads to health
hazards?, thus adversely affecting the worker’s efficiency. Although in this model the
informal sector only creates pollution, it is assumed that pollution affects the efficiency
of the entire workforce, not only those who are engaged in the informal sector activ-
ities. This is because the three sectors operate at close vicinity so that environmental
degradation affects all the members of the working class equally. Thus,

h=h(Z(Xy); K <0. (8)

After normalizing the labor endowment in physical units to unity, the full-
employment of labor in efficiency units implies the following:

api X1 +ap2Xr +ar3Xs = h(Z(X2)) “

where a;; X; is the employment of labor in the ith sector in efficiency units fori =1, 2
and 3. As the labor endowment of the economy in physical units has been normalized
to unity, the labor endowment in efficiency units is £(Z(X?7)).

Throughout the paper, we shall make the following assumptions regarding the relative
factor intensities of the different sectors of the economy. The agricultural sector is al-
ways more labour intensive than the formal manufacturing sector and that the industrial
sector as a whole (formal plus informal) is more capital intensive than the agricultural
sector in value terms.” The latter implies that the industrial sector is also more capital
intensive vis-a-vis the agricultural sector in physical terms as well. In mathematical
terms, we write the capital intensity conditions as follows.

(AL1Ak3 — Ap3Akl) > 0;
{0L1(Bk3 + 0230K2) — Ok1(013 + 6236.2)} > 0,  and, (10)
{Ap1(Ag3 + A23rg2) — Ag1 (A3 + Az3kp2)} > 0,

From (10) the following relationships trivially follow.

7 Tt rules out the possibility of substitution between the non-traded input and the other factors of produc-
tion in sector 3. Although this is a simplifying assumption, it is not totally unrealistic. In industries like shoe
making and garments, large formal sector firms farm out their production to the small informal sector firms
under the system of subcontracting. So the production is done in the informal sector firms while labeling,
packaging and marketing are done by the formal sector firms. One pair of shoes produced in the informal
sector does not change in quantity when it is marketed by the formal sector as a final commodity. Thus there
might exist a fixed proportion between the use of the non-traded input and the quantity of the final commodity
produced and marketed by the formal sector. It may be noted that Gupta (1994), Chaudhuri (2003) and Marjit
(2003) have also made this assumption in different contexts.

8 Air pollution can lead to irritation, breathing problems and lung diseases; water pollution causes con-
taminated drinking water; improper waste disposal management involves significant human pathogens, all
these contribute directly to reduce human performance.

9 This assumption is quite realistic and has been extensively used in the theoretical literature on trade and
development. See Chandra and Khan (1993), Gupta (1997) and Chaudhuri (2003) in this context.
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{6k30L1 + 623001 — 612)} > 0;  and,
(Akt{AL2 + A3 — (W (VZ' X2/ h()} — Api(hk2 + Ak3)}] < 0

However, the informal manufacturing sector can independently be either capital in-
tensive or labour intensive relative to the agricultural sector. In the main body of the
paper, we concentrate on the case where the agricultural sector is more labor intensive
than the informal manufacturing sector.!? In terms of algebra, this can be expressed as
follows.

(Br16k2 > 0120k1) i.e. (O > 0r2); and, (ApiAgz > Arohk1)  (11)

There are nine endogenous variables in the system: W, r, P, X|, X», X3, h, Z and
T. This is an indecomposable production system where any changes in factor endow-
ment affect factor prices and factor coefficients. By solving equations (1) and (2) W
and r can be obtained in terms of P,. Substituting the values of W and r into (3), solv-
ing simultaneously with (6) and (9) and using (7), the values of X;, X, and P, can be
obtained.!' Having obtained X7, one can find X3 from (7). Again, Z can be obtained
from (4) and & from (8) once X is obtained. Having obtained Z, from equation (5) T
can be found.

Before turning to analyze the policy effects, we should mention that our measure of
welfare in this small open economy is national income at world prices, Y, which is
expressed as follows!2:

Y = W(an X1 +ar2X2) + W*ar3Xs +rKp + T(Z(X2) — Z) — mP3 X3
Using equation (9) the above expression becomes
Y =Wh()+ (W" = W)ap3Xs +rKp + T(Z(X2) — Z) — mP3X; (12)

In equation (12), W(ar1X1+ar2X>) is the total wage income of the workers engaged
in the first two sectors of the economy. W*a;3X3 is the amount of the wage income
of the laborers employed in the formal sector. r K p is the rental income from domestic

(10.1)

10 The case where the informal manufacturing sector is more labor intensive vis-a-vis the agricultural
sector has been taken up in Appendix V. In that case, some of the results of the model hold under different
sufficient conditions. Instead of dealing with both the cases, we consider only one case in details, since our
main intention is to question the desirability of policies rendering a lower permissible level of pollution. If
we can show this by considering just one case, our purpose is served.

11" We should note that X, is nothing but the supply of commodity 2 i.e. Xzs. Conversely, ay3X3 in
equation (7) gives the demand for the non-traded input i.e. Xé). Usually, Xé) and Xg would not match
if one starts from a random P,. Therefore, we can define an excess demand function for commodity 2 as:
E(Py) = XP(Py) — X5 (Py). Equation (7) is valid if and only if E(P;) = 0 say at P = P§ For making
the entire system consistent, we assume that such a Pz" > 0 exists and it is unique. See, Marjit (2003) in this
context.

12 One may argue that the national welfare function does not explicitly include any social cost due to
pollution. However, the welfare function indirectly takes care of the cost due to pollution. This is because it
contains the labour endowment in efficiency units, which is negatively related to the level of pollution. So as
pollution level rises the endowment of labour in efficiency units falls leading to a decrease in the aggregate
wage income. However, the qualitative results of the paper hold under different sufficient conditions even if
we consider welfare as: Y* = Wh(:) + (W* — W)a;3X3 +rKp + T(Z(X3) — Z) - BZ(X7), where Bis
the marginal social cost due to pollution.
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capitall.13 T(Z(X2) — Z) is the revenue from the emission tax, which the workers
receive as transfer payments. Finally, m P3 X3 measures the cost of tariff protection of
the import-competing sector.

3. COMPARATIVE STATIC EXERCISES

According to the conventional wisdom, any policy that entails an improvement in
environmental standards is welfare enhancing. Thus, a lowering of the permissible
level of pollution by the pollution controlling authority appears to be a highly desirable
policy. But, in this paper, we reanalyze the efficacy of such a direct environmental
policy in lowering the pollution level and improving welfare in a developing country
in the presence of an informal manufacturing sector generating considerable amount of
pollution. We then examine the effects of an inflow of foreign capital'* on the level of
environmental pollution as well as on the welfare of the economy in the given setup.

Total differentials of (1) and (2) and use of envelope conditions'yield:

9L1W+9K1f=0 (13)
B2 W + Oxof = Ps (14)
Solving (13) and (14) by Cramer’s rule, one gets the following expressions:
W = —(0x1P2)/10| (15)
F=0,1P/19) ; and, (16)
(W —7) = —(P2/16)) (17)

where,
0] = 6116k2 — Ok 102 = 0L1 — 012
Now, differentiation of (7), gives
X3=X> (18)

Total differentiation of equations (3), (9) and (6) and use of (15)—(17) and (18) yield!6
the following expressions, respectively.

(P216))[0k30L1 + 62301 — 6.2)] + (B23/ PoX )T’ (D Z' X2 — T ()} X2
= 023/ PyX2)(T' (V2 Z) (19)

13 Income from foreign capital is fully repatriated. Hence, it is not included in equation (12).

14 See footnote 3 in this context.

15 Producers in each industry choose techniques of production so as to minimize unit costs. This leads to
the condition that the distributive-share weighted averages of changes in input-output coefficients along the
unit isoquant in each industry must vanish near the cost-minimization point. This states that an isocost line
is tangent to the unit isoquant. In mathematical terms, cost-minimization conditions for the three industries
may be written as: 0y 1dp| + 6 1dg1 = 0;012a12 +Okodkr = 0; and, 8y 3a;3 +Og3ags = 0. These are
called the envelope conditions. See Caves, Frankel and Jones (1990), pp. 732-38.

16 Gee Appendix [ for detailed derivation.
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(P2/10D[AL10k 101 + A120k202 + (A130k30L103/(1 — 623))]
+ {2+ A3 — (WOZ' X2/ k(D) X2 + A X =0 (20)
and,
(P2/10D[=2Ak 100101 — Ak 201202 — (Ak30130L103/(1 — 623))]
+ (hg2 + Ak X2+ A1 Xy = K 21

Solving equations (19)—(21) by Cramer’s rule the following expressions can be ob-
tained.

Xy = —(1/A|0DI0k30L1 + 023611 — Or2) 01 K
(+)
— Z{(053T' ()2)/(A18| P2 X)) [Ak 1AL101
+oa(Ag1AL20k2 + ALiAk2012)

+ (0r103/(1 — 6023)) (Ak1AL30Kk3 + AL1Ak30L3)] (22)
(+)
and,
Py = ZI{(05T'(12) /(AP X2))
X {(Ak1(hr2 + A3 — (W' ()Z' X2/ k() — A1(hk2 + Ak3)}]
(=)

+ K[(A0102){T' (VZ' X2 — T()}/(APX2)] (23)

where,

A = (1/16D)[{6k30L1 + 62301 — O12))
(+)
x (Ax1(Ar2 4+ A3 — K ()Z' X2/ h(-)) = A1(hg2 + Ak3))]
(=)
— [03{T'(-)Z' X2 — T (-)}/(P2X3|6])]
x [Ag1irro1 + 02(Ag1AL20k2 + AL1Ak2012)
+ (Br103/(1 — 623))(Ak1AL30k3 + AL1Ak3013)]
(+) (24)

As commodity 2 is non-traded, its market must clear domestically and the compara-
tive static exercises are meaningful only if the equilibrium in the market for commodity
2 is stable. It can be checked that the stability condition in the market for the non-traded
input is as follows.!”

(A/IA]) = (A"/181IA) > 0. (25)

17 This has been derived in Appendix II.
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where: 16| = (O119k2 — 6k 1612);
A" =[{0k30L1 +623(0L1 — 612)}
(+)
x {Ak1(hr2 + A3 — R (VZ'X2/h()) — Ap1(Ghk2 + 2k3))]
(=)
—[03{T'()Z' X2 — T(1)}/(P2X2)]
X [Ak1Ar201 + 02(hk1Ak26K2 + AL1Ak2012)
+ (BL103/(1 = 023)) Ak 1AL30K3 + AL1Ak3013)] (26.1)
(+)

Al = [G(Ap1rk3 — Aaik) + H{iiAk2 — k12 — W' (VZ' X2/ h())]; (26.2)
G=(T'()Z'X2/P;{X3) > 0; and, (26.3)
H = (T()/P{X3) > 0. (26.4)
In the present case where the agricultural sector is more labour intensive vis-a-vis the
informal manufacturing sector,'® we have || > 0. Using (26.3) and (26.4) from (26.2)
we obtain that |A| > 0. Then using (10.1), from (25) and (26.1) we find that for the
fulfillment of the stability condition in the market for the non-traded good one requires:
A >0and A" > 0. The necessary condition for A > 0is: {T’(-)g’Xz < T(-)}. This,
in turn, implies that (E7 < 1—Z/Z) where Er(= [{dT (-)/d(Z—Z2)}{(Z—-2Z)/T ()}])
is the elasticity of the emission tax function.
3.1.  Policy effects on environmental pollution
In the stable equilibrium in the market for the non-traded input we have found that
A > 0. From (22), it now follows that )A(g > 0 when Z < 0; and, )22 <Owhen K > 0.
Differentiating equation (4) one gets
77 =7'X:%> (27)
From (27) it is easy to derive the following results.
Z > 0whenZ < 0and Z < 0 when K > 0. This leads to the following proposition.
PROPOSITION 1. A reduction in the permissible level of pollution in the presence

of an informal sector leads to an increase in pollution while an inflow of foreign capital
lowers the level of pollution in the economy.

To explain these results in economic terms, let us first examine the effects of these
policies on the effective pollution emission tax rate, say, F, where

T(Z(X) -2)
=%,
Differentiating F, using (22) and simplifying we get'®

F

18 See footnote 11 in this context.
19 For detailed derivation see Appendix IIL.
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FFX3=K{T'()Z'X2—T("))
x [(1/A|18)AL1{6k36L1 + 02361 — B1.2)}]
(+)

— Z{T'OZ /(A {0k30L1 + 623011 — O12))
+)
x {Ag1(Ap2 + A3 — A (HZ'X)
-+
—Ari(Ag2 + Ag3))]
(-) (28)

We have already mentioned that the comparative static exercises are meaningful only
if equilibrium in the market for the non-traded input is stable. In the present case we
have found that in the stable equilibriumand A > 0 and {T'(-)Z' X3 < T(-)}. From (28)

it then follows that F > 0 when K > 0; and, F < 0 when Z < 0.

If in an attempt to check further deterioration in environmental quality, the pollution
control authority fixes the permissible level of pollution at a lower level, Z takes a lower
value. From equation (28) it follows that the average pollution emission tax that the for-
mal sector has to bear decreases. As a consequence, the effective price of the formal
sector’s product (net of average emission tax) rises leading to an expansion of the for-
mal sector. As the formal sector uses the output of the informal sector at a fixed rate, the
latter sector also expands, thereby raising the pollution level of the society. On the other
hand, owing to an inflow of foreign capital the aggregate capital stock of the economy
swells up. It produces a Rybczynski effect, leading to an expansion of the formal sector
(also the informal manufacturing sector) and a contraction of the agricultural sector as
the manufacturing sector as a whole (formal plus informal) is more capital-intensive
than the agricultural sector. The average pollution emission tax, F, rises and the effec-
tive price of the formal sector’s product decreases as A > 0 (see equation (28)). This
produces a Stolper-Samuelson effect and exerts downward pressures on the output levels
of the two manufacturing sectors. So two opposite effects on X3 (and hence on X»7) are
generated. As the negative effect of an increase in F outweighs the positive Rybczynski
effect, X3 (and hence X») falls in the new equilibrium.

3.2.  Policy effects on welfare
To analyze the welfare implications of the two policies totally differentiating equation
(12) and using (15), (16), (22) and (23) the following expression can be derived.2°

20 gee Appendix IV for detailed derivation.
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Y7 = Z - (T'()Z/(AI6) P2X2))
[A623{Ak1(AL2 + A3 — W' (DZ' X2/ k() — A1 (Ak2 + Ak3))
(-)
— B23C — (10]AP2X>))
(+)
+ K - (A1/1012)[(Ab23/ P X2{T () Z' X2 — T ()}
— B{6k30L1 + 023(6L) — 612)}]
(+) (29)
where A = [{((W* = W)h(-)A130k30L103/(1 —623)} = Wh()0k1(1 —Ar3) +rKpbiLil,
B =[(W"—=W)h(YAr3 +{T'() + K (OW}Z'X, —mP3X3]; and,
C =[Ag1Ar101 + 02(Ak1AL20k2 + AL1AK2012)
+ (0r103/(1 — 623)) (Ak1AL30k3 + ALiAk360L3)] > 0.

Using the stability condition from (29) we find that Y <OwhenK >0and? > 0
when Z < 0if (i) A > 0;and, (ii) B > 0. This establishes the following proposition.

PROPOSITION 2. A reduction in the permissible level of pollution in the presence
of an informal sector leads to an improvement in welfare if (i) A > 0; and, (ii)) B > 0.
On the contrary, an inflow of foreign capital with full repatriation of income on foreign
capital is welfare deteriorating under the same set of sufficient conditions.

Proposition 2 can be intuitively explained as follows. With the lowering of the per-
missible pollution level, Z, the discrepancy between the actual and permissible pollu-
tion level increases. However, from equation (28) it follows that the average pollution
emission tax that the formal sector has to bear decreases. The effective price of the
formal sector’s product (net of average emission tax) rises and leads to an expansion
of the higher wage-paying formal sector. This we call the labour reallocation effect,
which works favourably on welfare. The polluting sector (sector 2) also expands as its
output is solely used in the formal sector in a fixed proportion. The labour endowment
in efficiency units decreases as the level of pollution rises. Besides, a reduction in Z
lowers P, which in turn raises » and reduces W following a Stolper-Samuelson effect.
Thus, the aggregate wage income is affected due to three different effects: (i) direct
negative effect on W following a reduction in Z, (ii) the labour reallocation effect as
the higher (lower) wage-paying formal (agricultural) sector expands (contracts); and,
(ii1) changes in labour endowment of the economy in efficiency units. The net outcome
on the aggregate wage income is ambiguous. There are other effects on welfare as well.
Both the aggregate capital income and transfer payments to the workers (the pollution
emission tax revenue collected from the formal sector) increase unambiguously. On the
contrary, the cost of tariff protection rises as the formal sector expands. This lowers
welfare. The net impact of all these effects would be an increase in welfare under the
sufficient conditions: (i) A > 0; and, (i) B > 0.
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On the other hand, if foreign capital enters into the economy with full repatriation of
foreign capital income the aggregate capital stock of the economy swells up. We have
seen (see proposition 1) that it leads to a contraction of the formal (and informal) sector.
As the higher (lower) wage-paying formal (agricultural) sector contracts (expands), the
aggregate wage income falls due to the labour reallocation effect. However, there are
two other effects on the aggregate wage income of the workers. As the polluting (in-
formal manufacturing) sector contracts the labour endowment in efficiency units rises.
Besides, an inflow of foreign capital lowers the price of the informal sector’s price, P,
which lowers W and raises r. There are again three different effects on the aggregate
wage income. However, the aggregate capital income on domestic capital falls. Also,
the transfer payments that the workers receive from the government also falls as the level
of pollution (and hence the emission tax revenue) falls. On the contrary, the cost of tariff
protection falls as the tariff-protected formal sector contracts, which works favourably
on welfare. The net effect of all these effects on welfare is negative if: (i) A > 0; and,
(ii) B > 0. However, it is easy to check that welfare may fall due to an inflow of foreign
capital even in the absence of any tariff protection.?! Actually, in the absence of any
tariff the possibility of welfare deteriorating effect of foreign capital increases.

4. CONCLUDING REMARKS

In the developing countries reduction of the permissible level of pollution by pollu-
tion regulating authorities is a conventional policy to arrest further environmental degra-
dation. Although both the formal and the informal manufacturing units cause industrial
pollution, the extent of pollution generated by the informal sector firms is significantly
greater than that generated by their formal sector counterparts. As the informal sector
firms have limited access to Environmentally Sound Technology (EST) and as they use
backward technology these firm are responsible for a major share of pollutants. The
formal sector firms in the developing countries actually subcontract the informal sector
firms to undertake a number of tasks and processes that are “dirty” from the environment
point of view. Perrings, Bhargava and Gupta (1995) have argued that such subcontract-
ing is an economical way for the formal sector firms to avoid investment in ESTs made

2l This is a highly interesting result because it is contrary to the conventional Brecher-Alejandro propo-
sition. Brecher and Alejandro (1977) have analyzed the welfare effects of foreign capital inflow in a two-
commodity, two-factor full employment model. The important result is as follows: an inflow of foreign
capital with full repatriation of its earnings is necessarily immiserizing if the import-competing sector is
capital-intensive and is protected by a tariff. However, welfare remains unaffected in the absence of any tariff.
Here welfare is defined as a positive function of national income. In the literature, the Brecher-Alejandro
proposition has also been re-examined in terms of three-sector full-employment models like Beladi and Mar-
jit (1992a, 1992b) with the third sector being a duty-free zone. As the developing countries are plagued by
labour market distortion, some attempts have been made to analyze the welfare impact of foreign capital in-
flow using a Harris-Todaro (1970) framework. For example, Khan (1982) has considered a mobile capital
Harris-Todaro model with urban unemployment. A third sector, called an urban informal sector, has been
introduced in the works of Grinols (1991) and Chandra and Khan (1993). The immiserizing result of foreign
capital has been found to be valid in general (Grinols 1991 is, of course, a notable exception) in the presence
of a tariff protected import-competing sector. Interestingly, in the present paper the immiserizing result of
foreign capital may be obtained even in the absence of any tariff.
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obligatory by the regulatory authority. The informal sector firms being unregistered
units are difficult to control and so they face fewer incentives to prevent pollution. In
the circumstances, an indirect way to control environmental pollution is to impose pol-
lution emission tax on the formal sector firms if the level of industrial pollution created
exceeds a certain permissible level. This is expected to induce them to minimize harm-
ful discharges by cutting down the use of inputs produced by the informal sector and
thus improve the environmental quality. A pertinent question is whether this indirect
way of controlling pollution can actually deliver the goods. In this paper, we have an-
alyzed the efficacy of such a policy in a three-sector general equilibrium model with
a polluting informal sector, which produces a non-traded input for the formal sector.
Higher the use of informal sector’s product, higher is the pollution created and higher
the discrepancy between permissible and actual level of pollution, so that the pollution
emission tax payable by the formal sector is also higher. Again, labour endowment is
measured in efficiency units where the efficiency of a representative worker is inversely
related to the level of pollution. The emission tax revenue is transferred to the work-
ers in a lump-sum fashion. In this setup, we have shown that even if the permissible
pollution level is reduced, the polluting sector may expand and lead to a deterioration
in the environmental standard. Quite unexpectedly, this policy may improve welfare of
the economy. This has a very important policy implication due to the counterintuitive
results of direct environmental policies. On the contrary, an inflow of foreign capital
may be effective in lowering the level of pollution although it may affect welfare of the
economy adversely. Therefore, the paper finds that there might exist a trade-off between
the economy’s objectives of lowering the level of pollution and improving national wel-
fare. These results are new in the literature on trade and environment, which would help
the policy makers in the developing countries in designing appropriate policies because
reduction of pollution level and improvement of national welfare are both desirable for
a developing economy.
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MATHEMATICAL APPENDICES

APPENDIX I: DERIVATIONS OF CERTAIN EXPRESSIONS
Total differentiation of (3) gives

ak3ydr + apd Py = —(az3/ (X)) X2{T'(NZ'd Xy — dZ)} — T()dX2)
or, Bk3f + 03Py = (a23/ X2 Ps(1 + )T ()X
— (a3/Ps(1 + )T’ () Z' X,
+ (@) X2 Ps(1 + )T (VZ2Z
or  xk30L1(P2/18]) + 623Py = (623/ PLX2)T () X2 — (623/ P)T' () Z' X2
+ 02/ PIXDT (VZZ
or, (P2/10D[0k30L1 + 02301 — O12)]
+ 023/ P2 Xo)(T' (VZ' X2 — T () X2

= 023/ PyX2(T'(VZZ)
(19)

Again differentiation of (9) yields,

A Xt + Q2 +A03) X2 — (W ()Z' X2/ h(:) X2
= —A110k101(P2/101) — AL20k202(P2/16])
— {A130K36L103/(1 — 623)}(P2/16])
Rearranging terms we get
(P2/18D) (118K 101 + A120K202 + (A130k30L103/(1 — 623)]
+ Ao + A3 — (W OZ' X/ R(DIX2 + A X1 =0 (20)
Finally, differentiation of (6) gives,
a1 X1+ Ok + Ak X2 = K + A100101(P2/101) + Ak200202(P2/16])
+ (Ak30L361103/(1 — 623)) (P2 /16])
or, (P2/I0D[—rk18L101 — Ak201202 — {Ak36L301103/(1 — 623))]
+ (k2 +Ak3) X2 + Ak Xy = K (21

APPENDIX II: DERIVATION OF STABILITY CONDITION IN THE MARKET FOR
THE NON-TRADED INPUT

As commodity 2 is internationally non-traded its market must clear domestically
through adjustments in its price, P.

The stability condition in the market for commodity 2 requires that

(d(Xé) —X7)/d P2) < 0. This implies around equilibrium, initially, Xé) = X>. Thus,
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(XP/Py) — (X2/P2)) < 0. (A1)

We note that X1, X, and X3 can be simultaneously solved from equations (3), (6) and
(9) as functions of P,. Differentiating equations (3), (9) and (6) and keeping the param-
eters unchanged, we get the following three expressions, respectively.

—G}A(2+H)?3 =M1f"2 (A.2)
A Xy + (A2 — (W (DZ' X2/ k(D) X2 +Ap3X3 = =My Py and, (A3)
A1 X1+ Ak2Xo 4 Ag3Xs = M3ﬁ2 (A4)

where: G = (T'(-)Z'X2/P{X3) > 0; H = (T(:)/ P; X3) > 0;
My = {(0k30L1 + 023|601)/101} = {0k36L1 + 62301 — OL2)}(1/16])
My = (Ap10k 101 + Ar20k202 + (AL30k30103/(1 — 623)}(1/16]);  and, (A.5)
M3 = {Ag 101101 + Ag201202 + (Ak38L36L103/(1 — 023))}(1/16D)
Solving (A.2)-(A.4) by Cramer’s rule we get:
X2 = (Py/IMD[=My(ipahks — Ashk)) + HALIM3 + M) and,  (A6)
X3 = (P2/IMDIG(hp1 M3 + Ak 1 M2) + MikpiAk2
— Mixgi{rrz — (W ()Z' X2/ h(N)] (A7)

where

Al = [G(hL1rk3 — Arshk1) + H{ipihk2 — Ax1(hp2 —h' () Z' X2/ R} (A8)
From (A.6) we find that

(X2/B2) = (1/IAD[=Mi(AL1Ak3 — A3hg) + HALMs + A1 M2)] - (A9)
Now the demand for the non-traded input is given by
Xé) = ay3 X3. Differentiating this equation one gets
)22D = )?3. Using (A.7) one can find

(X2/P2) = (1/IADIG (1 M5 + b1 M2)
+ MiApihka — Midgi{iro — (W' ()Z' X2/ h(-))}] (A.10)

Using (A.1), (A.9) and (A.10) we find the following stability condition for equilib-
rium in the market for commodity 2.

(XP/Py) = (X2/P2)) = (1/IADIGAL1M3 + A1 Ma) — H(AL1 M3 + Mg 1 M)
+ My{AL1(Ak2 + Ak3)
—Ark1(AL2 + A3 — R (DZ'X2/h(- )N} <0

Inserting the values of G, H, M|, M> and M3 from (A.5) into the above expression
and noting that (1/ P} X3) = (623/ P2X2) we get
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(XD /Py) — (X2/ Py)) = (1/101IADOk30L1 + 02301 — 612} {AL1(hk2 + Ak3)
(+)
— k1(hr2 4+ Ar3) — (W()Z' X2/ h(-)}
(+)
+{623(T' (1) Z' X2 — T()}/ P2 X2}
X {Ag1Ap101 + 02(Ak1AL20Kk2 + AL1Ak20L2)
+(0L103/(1 — 023)) (A 1AL30Kk3 + AL1Ak3603)}] < O

(+)
= (A/IA) = (47/1811A]) > 0 (25)
where:
A= (1/10D{Ok30L1 + 02301 — L) HAk1 (A2 + AL3) — Api(hg2 + Ak3)
+) (=)

— ek 1th' (OZ' X2/ ()} — 623/ P2 X2)(T'(HVZ' X2 — T(+)

x {Agi1Ap101 +02(Ag1Ar20k2 + AL1Ak2002)

+ (Or103/(1 — 6023))(Ak1AL30k3 + AL1Ak3613)];  and, (24)
(+)

A" = [{6k30L1 + 62301 — 02}
(+)
x {Ag1(hr2 + Az —h'()Z' X2/ k() — A1k + Ak 3)}]
(-)
—[63{T' () Z'X2 — T}/ (P2 XAk 1AL101 + 02(Ak1AL20Kk2 + AL1Ak20L2
+ (BL103/(1 — 023))(Ak1AL30Kk3 + AL1Ak360L3)] (26.1)
(+)

APPENDIX III: DERIVATION OF EQUATION (28)

The effective emission tax rate is given by
_T(Z(Xy)) - Z)
X3

F
Differentiating and using (18), we get
FEX3=T'()Z' X %s — TR — T'(VZ2Z
= XT'(VZ' X2 =T -~ T'VZZ

Now using (22) one gets
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FEX3 ={T'"()Z'X2 = T}~/ AI0)AL1 K Ok 3011 + 623611 — 012))
— Z{(O5T'()2)/(ABIPyXD)IC] — T'()ZZ
where,
C =[Ak1AL101 +02(Ak1AL20Kk2 + AL1AK2012)
+ (Br103/(1 —023))(Ak12030Kk3 + AL1Ak36003)] > 0
Use of (24) and simplification yield
FFX3=—[{T'()Z' X2 — T(:)}(AL1/ A0 {03011 + 623011 — O.)NK
(+)
—{(B3T' (N ZY/(AIBIPLX2UT (D Z' X2 — T(HIC + {(A\9|P2Xz)/923}]i
Further simplification gives
FEX3 ={T'()Z' X2 — T((he1/AIO)(Ok30L1 + 623611 — 012)}1K
—(T'()Z)/ (A8} {6k 3611 + 623(0L1 — 612))
x {Ak1(ir2 + A3 — ' (DZ'X2/h(-)) = Ap1(hg2 + )»K3)]]2 (28)

APPENDIX [V: DERIVATION OF EQUATION (29)

Differentiation of equation (12) yields

dY = h()dW + Wh' () Z'd X2 + (W* — W)a3dXs + (W* — W)X3dars
—ai;3X3dW + Kpdr + T'()Z'dX, — T()dZ — mP3d X3
or,
YY = Wh(OW + WH ()Z' X2X2 + (W* — W)ar3X3X3
+ (W* — W)ar3X3(0k303/(1 — 623))7 + rKpr
— WaisXsW + T'()Z' XaXa — T'(VZZ — mP3X3X3
(note thata 3 = (Bk303/(1 — 623))7; (B3 + 0k3) = (1 — 623).) .
Now substitution of X» in place of X3 into the above equation yields
YY = (h()W( = A)}W + (W* — W)ar3X3(0k303/(1 — 623)) + rKp)F
FUWR () + T'OVZ' X2 + (W = Wh()ALs —mPsX31%s — T'()Z22Z
With the help of (15) and (16) the above expression becomes
YY = [~Wh()8k1(1 — Ar3) + (W — W)A()AL3(Bk3036L1/(1 — 623)) + rKpOiLi]
Byl — T'OZZ +[(T'(C) + WH () Z' X2
+(W* = WALy — mP3X31X;
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Using (22) and (23) we can write
YY = é[[A923T'(-)2)/(|9IAP2X2)}{?»K1()»Lz + A3 — (K ()Z'X2/ k(")
— AL1(k2 + A3} + K[{AAL1623/10| AP X 1T () Z' X2 — T ()
—T'()2Z - K[(BAL1/AIBD(Ok30L1 + 623(0L1 — 612))]
— ZI{(BORT'()2)/(AI] PX2))C]
where
A =[{W* = W)h(DA130k30L103/(1 — 623)) — Wh()Ok1(1 — Ar3) +rKpbpil,
B =[(W" = W)h(OA3 +{T'() + ' (OW)Z'X, — mP3X3]; and,
C=[A1rr101 +02(Ak1AL20Kk2 + AL1Ak2012) + Or103/(1 — 623))(Ak 1A L30K3
+ AL1Ak3603)] > 0.
Further simplification gives
Y = Z{(T'()2)/(AI6] PaX2)}[ Abas Ak 1 (hra + his
— (W' ()Z'X2/h(")) — Ap1(hk2 + g3} — BO23C — (10| AP2X2)]

(=) +)
+ K(hp1/16018)[(Abx/ P X2 )T (VZ X2 — T ()}
— B{Ok3011 + 623(6L1 — 012}] (29)

(+)

APPENDIX V: TwO POSSIBLE CASES

Depending on the different signs and values of |#| the following two cases are possi-
ble.

CASE I. |8] > 0. From (26.2)—(26.4) it follows that |A\| > 0. Then, from the
stability condition in the market for commaodity 2 (given by (25)) one obtains: A > 0.
We have stated in the text that A > 0 only if {T'()Z'X> — T(-)} < Oie. Er <
1 —2/7). Using (10.1) it is then easy to check from (22) that X, < 0 when K > 0

and }?2 > 0 when Z < 0.

Again with the help of (10.1) from (29) we find Ehat Y <OwhenK > 0 if(i) A > 0;
and, (ii) B > 0. On the other hand, Y > 0 when Z < 0 under the same two sufficient
conditions.

CASE II. Letus now concentrate on the case where the agricultural sector is more
capital (less labour) intensive than the informal manufacturing sector. In this case, we
have (ag)/ar1 > (ak2/ar2). This implies that (ApAgx2 — Ax1Az2) < Oand (8] < O.
There can be two sub-cases depending on the sign of |A|, given by (26.2).
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SUB-CASE 1. |0]| < 0and |Xx| > 0. From (25) and (26.1) we find that A > 0 and
A’ < 0 (as|f| < 0). A sufficient condition for A" < Qisthat {T'(\)Z'X, — T()} > 0
ie. Er > (1—27/2). A

From (22) one finds that JA(Q > 0 when K > 0 and )A(g <0 wpen Z < 0. This from
(27), in turn, implies that Z > 0 when K > 0 and Z < O when Z < 0.

'I:hen from (29) it follows that

Y <Owhen K > 0if (i) B < 9; and, (i) A(T'(\)Z'X, — T(-)) > 0.

On the contrary, Y > Owhen Z < 0if

[A6{rki(hr2 + A3 —h(DVZ'X2/h()) — Api(Ag2 + Ak3)} — B6C)] > 0.

or, if

[A03{Ag1(hp2 + A3 =R (DZ'X2/h()) — A1 (Ak2 + Ak3))
—(10|AP2X2)] > (>)0; and, B <(=)0.

SUB-CASE 2. |f| < 0; and, |A| < 0. This implies that for stability of equilibrium
in the market for commodity 2 we need: A < 0, a necessary condition for which is:
(T'()Z'Xy —T()} <0ie. Er < (1 —2/Z). )

From (22) it then follows that )A(z < 0O when K > 0; and, )A(g > 0O when Z < 0.

Qn the other hﬂand, from (29) it follows that

Y <0Owhen K > 0if (i) A > 0, (i1) B > 0; and, (iii) either A or B is non-zero.

Also ¥ > 0 when Z < 0if (i) A > 0; and, (i) B > 0.



