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RURAL URBAN MIGRATION, INFORMAL SECTOR AND
ENVIRONMENTAL PROBLEMS IN A SMALL
OPEN LESS DEVELOPED ECONOMY:

A THEORETICAL ANALYSIS

Manash Ranjan GUPTA
Economic Research Unit, Indian Statistical Institute, Calcutta India

First version received July 2002; final version accepted November 2003

Abstract: A model of a dual economy has been developed with special emphasis on
the environmental problems created by the informal sector activities and its role on the
efficiency of labour. The model is used to analyze the effects of the inflow of foreign
capital and of the effects of subsidization to the different sectors of the economy.

Key words:  Informal Sector, Environmental Pollution, Foreign Capital. Subsidy, Welfare.
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I. INTRODUCTION

The existence of the urban informal sector in the less developed countries is now an
empirically established fact'. Also a number of theoretical works? have analysed the
problem of the urban informal sector in the three sector dual econmy models which are
extension of the two sector Harris—Todaro model. In the existing theoretical literature,
the dichotomy between the urban formal sector and the urban informal sector is based
on only one point. The labour market in the urban formal sector is protected; and the
workers receive a minimum wage there. But the labour market in the informal sector is
not protected: and the wage rate in that sector is perfectly flexible.

There are some other features of the informal sector which the existing theoretical
models have not considererd. One important feature is that the development of the urban
informal sector brings along with it a number of social and environmental problems like
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squalor, congestion, pollution etc>. All of them produce health hazards in the society
and this lowers the physical efficiency of the workers. The developed countries only
have formal sector production units; and, in most cases, the social and environmetal
costs are either due to excessive technological spread or due to over development of the
economy. But in the less developed countries, social and environmental costs like the
problems of polluted water, poor sanitation, crowded housing, poor health system are
connected with the growth of the informal sector activities®.

Formal sector industrial units also create environmental problems. However, there
are laws to control them. On the other hand, the present pollution control policies in
India and in other less developed countries do not address the small and informal sector
industries, which pollute with impunity.

The expansion of the urban informal sector causes environmental pollution in various
ways. The small scale and informal industries produce considerable industrial effluents
and do not clean up waste water as the cleaning up is very expensive. There are over
two million small scale industries in India. However, over 60% of the large and medium
industries in India have installed ‘Effluent Treatment Plants’ (ETP) to treat water before
discharge. The poorly paid workers of the informal sector stay in the urban slums
where the existence of sewage treatment facilities and sanitation services are negligible.
Burning of unprocessed cooking fuels mabe by the informal sector workers in their
homes causes air pollution. The uncontrolled burning of solid waste in urban areas is
another major cause of air pollution. The frequent power failure in many towns and
cities have compelled the small traders to use the oil based power generators on the
road sides: and this is another source of air pollution.

The negative health impact of water pollution is considerable. About 200 million
people in India do not have access to safe drinking water. The death of about 1.5 million
children (under 5 years) per year is caused by water related diseases. These also cause a
loss of over 200 million person days of work per year. Studies show that the better water
supply and sanitation facility can reduce the death due to diarrhoea by 65% and child
mortality by 55%. Air pollution also produces negative health effects. Premature death
due to the respiratory and cardio—vascular diseases and illness due to chronic respiratory
diseases like asthma and bronchitis have increased. According to a World Bank study, in
1995, air pollution might have accounted for some 40,350 premature deaths, 19,805,000
hospital admissions and 1,201,000,000 minor illness. The study reported that. in the last
three years, the number of premature death have increased by 28% and the number of
sickness and hospital admissions by 30%.

In this paper, we develop a three-sector model with an urban informal sector, a rural
sector and an urban formal sector. Here the growth of the informal sector defined as
the increase in its level of output creates environmental pollution: and thereby lowers
the efficiency of workers in the urban formal sector. The urban formal sector produces

3 See the works of Sethuraman (1981), Squire (1981), Chatterjee and Ray Chaudhuri (1994), Roy (1995)
ect.
4 See Mahbud Ul Hagq (1976). IGIDR (1999) elc.
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a good which removes environmental pollution and thereby enhances the physical effi-
ciency of the workers>. In the presence of the conflicting role of the formal sector and of
the informal sector on the environmental pollution and thereby on the efficiency of the
workers, we now want to analyze the effects of the various development policies. These
policies include the various sector specific subsidy policies and the policy of financing
growth through the inflow of the foreign capital.

We obtain some interesting results from this theoretical exercise. First, an inflow of
foreign capital with full repatriation of its earnings lowers social welfare even under
free trade. This result is inconsistent with what is known as Brecher—Alejandro (1977)
proposition®: and this result can not be obtained in any other model on informal sector.
Secondly, subsidization to the urban formal sector leads to a contraction of the labour
intensive rural sector and an expansion of the capital intensive urban formal sector as
well as of the urban informal sector. However this lowers the efficiency of the forrmal
sector workers and hence the formal sector output grows at a lower rate than the rate of
growth of the formal sector workers. This subsidization policy lowers the level of social
welfare if the economy is largely dependent on foreign capital: and the rate of decline
in this model is higher than that in any standard model which assumes exogenously
given labour efficiency. Thirdly, the policy of subsidization to the rural sector restricts
the expansion of the urban informal sector and thereby raises the efficiencies of the
formal sector workers through reduction in the environmental pollution. This leads to a
higher rate of increase of social welfare in this model than that in the other model with
exogenously given labour efficiency.

The model and its workings are described in section 2 of this paper. The effects of the
adoption of sector specific subsidies and of the inflow of foreign capital are analysed in
section 3. Concluding remarks are made in section 4.

2. THE MODEL

We consider a small open economy consisting of three sectors-one urban formal sec-
tor, one urban informal sector and a rural sector. The formal sector produces a product
which enhances the physicul etficiency of the urban workers. The urban formal sector
and the rural sector produce internationally traded goods whose prices are determined
in the world market. However, the informal sector produces a product with a low mar-
ket value. The informal sector creates environmental pollution and this leads to health
hazards of the workers. The environmental pollution causes sufferings to all the formal
sector workers. So the physical efficiency of the representative formal sector worker
is inversely related to the level of pollution. The level of pollution generated by the
informal sector varies positively with the level of output. One worker in the informal
sector can produce one unit of output. Workers in this sector are self-employed and

3 For example. pure drinking water. housing, health and medical facilities ect.

6 This proposition states that an inflow of foreign capital lowers (dose not effect) the social welfare valued
at world prices in the presence (absence) of a tariff provided that the import-competing sccter is more capital
intensive and the entire foreign capital income is repatriated.
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receive wage equal to the average productivity of labour. So the wage rate in the infor-
mal sector is equal to unity. The efficiency of urban worker varies positively with the
level of output of the formal sector. Capital is perfectly mobile between the rural sector
and the urban formal sector. Wage rate in the urban formal sector is fixed and the rural
sector’s wage rate is perfectly flexible. Foreign capital and domestic capital are perfect
substitutes and additive’ Production function in all the sectors are of fixed coefficient
type. All the markets are perfectly competitive and the representative producer in the
formal sector and in the rural sector maximizes profit. The rural urban migration in this
model is similar to the models of Harris and Todaro (1970) and of Corden and Findlay
(1975) which are well known in the literature.

Let 7, R and U stand for the urban informal sector, rural sector, and the urban formal
sector respectively. Here j = I, Rand U. X;. L;. Q;, and Pj, stand for the level of
output, level of employment, the rate of subsidy per unit of production, and the price
of the product in the sector j respectively. w is the fixed wage rate in the urban formal
sector and Wp stands for the wage rate in the rural sector. Kp, Kr and r, stand for
the stock of domestic capital, stock of foreign capital and the rate of interest on capital
common to the rural sector and the urban formal sector. A represents the ratio of urban
formal sectors employment to the total urban (formal plus informal) employment; and
Y stands for the national income valued at international prices. L represents the total
number of workers in the economy. a;; represents the input output coefficient for{ = K,
Land j = U, R.X; also represents the level of pollution hecause we assume that one
unit informal sector’s product generates one unit of pollution. 8 represents the efficiency
of the representative formal sector worker.

The equational structure of the model is as follows: The fixed coefficient production
function in the three sectors are given by the followings:

K Ly -
XU=Minl v ozt ﬁ]; ()

agy a4y

K L

Xg =Min] —2%, =£ 1. (2)

aKR aLg

and,

Xr=1Ly. 3)

Competitive equilibrium in the j*# sector for / = U and R equates the marginal cost
to the effective price. The assumption of fixed coefficient production function makes
marginal cost to be identical to the average cost and to be independent of the level of
production. Hence, we have

Py ={ary - (w/B) +aky -r} — Qu: 4

and

” This is a standard assumption borrowed from the works of Brecher and Alejandro (1977), Khan (1982),
Chandra and Khan (1993), Gupta (1994, 1997) etc.
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Pr={aLg - Wg+akg rl—0QOr. (5)
In the urban informal sector, wage rate is equal to average productivity of labour.
Hence,

Wi =(X//L)=1. (6)

Also note that W; represents the price of the informal sector’s product because Wy
is the average (marginal) cost of production in that sector and price is equal to average
cost in competitive equilibrium.

The efficiency of the urban formal sector worker, 8. is a positive function of the
level of production of the urban formal sector, Xy. and a negative function of the
level of environmental pollution. Here X; = Lj represents the level of pollution. We
assume B to be homogenous of degree zero in terms of Xy and L;. This is a restrictive
assumption. However, we do it from the viewpoint of analytical simplicity. Thus we
have

B =pB(Xy/L;) with B'(-) > 0. 1)

The migration equilibrium condition is given by

Wep=dw+(1-2W,: (8)
and
A= (Ly/(Ly +Lp). 9)

Here J. and (1 — A) represent the probabilities of the representative rural migrant of
getting the urban formal sector job and of the informal sector job respectively. So the
R.H.S. of the equation (9) is the expected urban wage; and this is equal to the actual
rural wage in the migration equilibrium.

Capital stock (including domestic capital and foreign capital) is fully utilized. Hence
we have

aky - Xy +agr-Xg=Kp+ Kr. (10)

Also there is no open unemployment? in the economy because the wage rate in the
rural sector is perfectly flexible and the workers in the informal sector are self-employed
with a linear production function. So the full employment of labour implies

(aru/B)Xv +Li+arrXr=1L. (11)
The national income of the economy is given by
Y=Y*—QuXu — QrXr: (12)
where
Y*=Wg-L+r-Kp (13)

is the domestic factor income.

8 See Chundra and Khan (1993), Grinols (1991). Quibria (1988) and Gupta (1977) in this context.
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Social welfare, H, is assumed to vary positively with the level of national income, Y,
and to vary negatively with the level of environmental pollution measured by L;. Hence
we have

H=HY LpwithH, >0; H, <0. (14)
Using equation (9), we have
Ly={(1-A)/MLy: (9A)

and then putting
Ly = (aru/BYXu
we can express equation ([ 1) as follows;

(ary/Br)Xy +arr-Xr=1L. (11.1)

Here Py, Pp,w.aLy.aku,aLr. akr. L, Kp and K¢ are exogenous to the system.
Qu and Qg are the policy parameters. Xy, X;, Xp, Ly Ly, Lg, Y. Y*, Wg, 4. 8. H.
Wy and r are the endogenous variables; and there are fourteen equations to solve for
these fourteen unknowns. The working of the model is described as follows. Given
Py, Pr, Qu. Qg and w, equations (4) and (5) solve for the equilibrium values of » and
Wg in terms of . Then equation (8) solves for A in terms of 8 because W; is fixed.
Equation (7) then explains A in terms of (Xy; /L ;). Again equation (9) can be expressed
as follows:

= (/U0 +(LifaruXu))). (9B)

Hence using (7) and (9B). we can solve for the unique equilibrium values of (X /Ly)
and A The equilibrium solution in terms of (Xy/Ly) and A is unique because equation
(9B) shows a positive relationship between A and (X /L) and the other relationship
between A and (X /L) as derived from equation (4), (3). (7) an (8) is inverse to each
other.

Then the unique equilibrium value of § is obtained from equation (7) and the unique
equilibrium values of Wg and r are obtained from equations (4) and (5). Then equations
(10) and (11.1) solve for Xy and X g; and the two fixed-coefficient production functions
given by equations (1) and (2) solve for Ly, Ky, Lg and Kg. Then equation (9A)
solves for L; and (3) solves for X;.

The equation (12) and (13) solve for ¥ and Y* and finally equation (14) solves for H.

Note that equilibrium values of r, Wg. A, 8 and (X /L) are determined uniquely
by the equations (4), (5). (7), (8) and (9). Here Qy and Qg enter into equations (4)
and (5). So subsidization policies to the urban formal secter and /or rural secter should
affect this solution. However K¢ dose not enter into this subset of equations. So the
change in the foreign capital inflow has no effect on this equilibrium soiution of ,
Wg. 4, B and (X /L;).KF enters equation (10); and looking at equations (10) and
(11) we understand that equilibrium values of Xy, and X are dependent on K f.

This model can be viewed as an extension of the first model of Chandra and Khan
(1993) with an endogenous labour efficiency function in the urban formal secter where
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labour efticiency is linked to the environmental diseconomies generated by the informal
secter.

3. COMPARATIVE STATICS

3.1. Change in Kr
We have already noted that the determination of Wg, r, A and (X /L) are indepen-
dent of the change in K. Now the equations (10) and (11.1) are used to analyse the
effect of change in Kr on Xy and Xg.
. dXy arR
[t can be easily shownthat | — ) = — }:
dKFr A

dXR)_( apy i
(dKF “\ A A)

where A = (aky -apr —akr - (aLy /A - B))-
Here A > 0 because the urban region is more capital intensive than the rural region.
dXy dX
Hence ( ZKO ) > 0 and (ZI('—R) < 0. The inflow of foreign capital raises the output

aRF F
of the capital-intensive urban formal sector and lowers that of the labour intensive rural

secter. So the Rybczynski effect remains unchanged.
Since Xy /L1 is uniquely determined in equilibrium and the equilibrium value is
independent of the change in K r, we have

"dL; Ly dXy
—_— )= > 0.
dKF Xuv \dKr

So the inflow of foreign capital raises the level of employment (output) in the ur-
ban informal sector in this case. This raises environmental pollution too because it is
proportional to the level of output (employment) in the urban informal sector.

In the absence of subsidization to the different sectors, i.e., with Q; =0 for j = U
and R and under free trade, national income is equal to the domestic factor income, i.e.,
Y = Y*. Hence, using equation (13), it can be shown that

*
(dY ):()
dKr

because change in Ky dose not affect Wg and r.
Now the welfare effect of foreign capital inflow is obtained from equation (14). We

have
([IH dU)(dL/)
=(— <0
dKr dL; dKFr

dL
because d—U) < O and (——’ > 0.
dL; dKpr

So, the inflow of foreign capital lowers the level of social welfare under free trade.
The intuition behind this is the following. The inflow of foreign capital dose not affect

and
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the factor prices. Since the labour endowment and the stock of domestic capital are
given, domestic factor income remains unchanged in this case. Under freetrade domes-
tic factor income is equal to the national income valued at world prices. However capital
intensive urban formal sector expands in this case; and this leads to an expansion of the
urban informal sector’s employment (output) at the same rate. Since the level of pol-
lution is proportional to the level of output (employment) of the informal secter, social
welfare being a negative function of the level of pollution is reduced in this case.

The result that the foreign capital inflow lowers the social welfare even under free
trade and with full repatriation of its earnings is interesting because this is contradictory
to the common result of Brecher and Alejandro (1977), Khan (1982), Chandra and Khan
(1993), Beladi and Marjit (1992) etc. which states that the national income remains
unaffected in this case. This result of present model is even different from that in Grinols
(1991) model in which the informal sector uses sector specific capital but does not
produce any negative effect on the environment. In that model, the increase in foreign
capital inflow raises the national income under free trade. The result of the present
model is different from that in Gupta (1997) who develops a three sector model of a
dual economy with the co-existence of the formal and informal credit markets. The
expansion of the informal sector does not produce any negative environmental effect in
that model; and hence the entry of the foreign capital into the formal capital market may
raise the national income even under free trade.

3.2. Change in Qu

We consider a situation where subsidy is given only to the sector U, i.e.,, Qp > 0
and Qr = 0. Looking at the equations (4), (5) and (8), we find that the increase in Q.
given g, will raise r and will lower Wg. Also A falls in this case because w > W, (see
the equation (8)). Now from equation (8) and (9) we find that (X, /L) should take a
lower value in the new equilibrium. This implies a decline in the labour-efficiency. 8.

The comparative static effects on Xy and Xz with respect to Qy can be obtained
from the equations (10) and (1 1.1); and these are given by

dXy ‘ag R A
(@> - ( A ) ;
dXg agyA
(dQu) B ( A )
where A = (a[’U i XU) . (d(-kﬁ)).
(AB)? dQuy
So the sign of (dXU ) and (dXR ) will depend on the sign of (d(kﬁ) )

dQu dQu dQu
We know that the increase in Qg will lower 8 as well as 4. So A8 is reduced and

and

d (. . . - .

hence ( I(Qﬁ)) < 0. Hence Xy falls and Xy rises when Qg is increased provided
dQu

that A > 0. So subsidization to the urban formal sector raises the level of output of the

capital-intensive urban formal secter and lowers that of the labour intensive rural sector.
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Here the subsidization policy lowers the effective capital intensity of the urban formal
agu - *p

ary

The fall in 8 implies a fall in (Xy/L;). As Xy is increased, so L; is increased at
a higher rate. Since X; = L; also represents the level of environmental pollution, so
we can say that the subsidization to the urban formal sector worsens the problem of
environmental pollution.

The domestic factor income given by

Y¥=Wg-L+r-Kp

sector given by

may move either way becase r rises and W falls; and the same is true for the national
income given by
Y=Y*-0u- Xu.
If Y* is reduced, then Y also falls. So the social welfare, H (Y, L;), is reduced in this
case. From equation (5), given Py and Qg. we find that

dWg = —(“K—R) dr
arR

and hence from equation (13), we have
ay* ir
() = (~(G2) #0) o)
dQu arLg dQu
d
Since (_r) > 0, then the necessary and sufficient condition for the decline in ¥*

U
due to increase in Qy is given by the following:

(5)-(2).
L argr

This means that the rural sector has a higher capital-intensity than the domestic capital
stock normalized with respect to labour force. This is inconsistent with Ky = 0 becuase

by assumption
agy - Ap ( agR
> ;
ary ai1,R

and from (10) and (11.1) this implies that

(aKU'/\-ﬂ)>(KD+KF)><ﬂKR>' 2.2)
ary L arRr

The conditions (Z.1) and (Z.2) are consistent with each other it K ¢ is very high and
K p is very low. So in an open economy largely dependent on foreign capital, the policy
of subsidization to the urban formal sector lowers the domestic factor income. This
leads to a fall in national income and hence a decline in sociul welfare. A qualitatively
similar result is obtained even if we do not introduce the aspect of environmental disec-
onomies in the labour efficiency function and in the social welfare function. However,
in the presence of environmental diseconomies, the rate of decline of social welfare is
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higher because the expansion of the informal sector has a direct negative effect on social
welfare which takes place through the increase in environmental pollution.
3.3. Changein Qg
We consider the case with Qp = 0 and Qr > 0. Equation (5) shows that the increase
in Qg raises Wg. However, r, remains unchanged. Equation (8) shows a rise in A in this
Xu°

case and equation (9) shows that (L_ will rise in the new equilibrinm. This implies
1

arise in 8. When we look at the equations (10) and (11.1). we find that the change in
Q affects Xy and X p through the effects on 8 and A. These comparative static effects

are given by the following:
(dXU _ (a]( R B .
dor/)  \ 4 )7

((IXR> _ (UKU -B

dQr/) A )‘

B— (au_,r . XU) ‘ (d(kﬂ))
T\ 08 dor )’

d(A, dX
The increases in Qg raises 8 and A. Hence ( ( ﬁ)) > 0. Hence (—U) < Oand
dQr dQr

and

Here

dXg . e

(E > 0 because A > 0, by assumption. So the subsidization to the rural sector
AR

raises the level of output of the captial-intensive urban formal sector. Here the eftective

Lo L aguy - r L
capital intensity in the urban sector, (——é) is increased.
. ALy
Xu\ . . N L .
. is increased in this case and X falls. Hence L; = %) Xy falls. So
] U
the size of the informal sector is reduced and this reduces the level of environmental

pollution.
The domestic factor income given by

Y*=Wg-L+r -Kp

rises in this case because Wp rises and r remains the same. The national income is
given by
Y=Y*-Q0r Xg.

dY dWg dXp
:L- — . -
(dQR) (dQR) QOr (dQR) Xr

and the social welfare maximizing rate of subsidy is given by

() Ge) (527 () =

Here
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(- (Gae) ) (7)) (i)
L\—)-Xp) =+l |
ot — dQr sy 8L, dQr an
<R SUY\ [dXg ’
(BY)'(dQR)
Here Q% > 0if Xz is very low. So it is optimal to subsidize the rural sector if its scale
of operation is small.

So the policy of subsidization to the rural sector raises the level of employment (out-
put) in the rural sector, R, and lowers the level of employment (output) in the urban
formal sector, U, and in the informal sector, /. These results are not new in the liter-
ature. However. level of environmental pollution is reduced and the efficiency of the
urban workers are improved. This leads to a decline of the number of urban formal
sector workers at a higher rate than the rate of fall of that sector’s output. In the stan-
dard literature with fixed coefficient production function employment and output always
change at the same rate.

The optimum rate of subsidy to the rural sector is positive in this model when the
level of production of the rural sector is small. A similar result is obtained in a standard
Harris-Todaro model—a model which does not introduce environmental diseconomies.
However, given a level of output in the rural sector, the introduction of environmental
diseconmies in the labour efficiency and in the social welfare must argue for a higher
rate of optimal subsidy to the rural sector than that obtained in a standard Harris-Todaro
model. This is so because in a standard model the positive effects of the removal of
pollution and of the improvement in labour efficiency in the urban sector do not appear.

4. CONCLUSION

We have developed a static four-sector model of a small open dual economy with
special emphasis on the conflicting role of the development of the urban formal sector
and of the informal sector on the environmental pollution which affects the efficiency of
the labour negatively. This model is used to analyze the effects of the inflow of foreign
capital and of subsidization to the various sectors on the structural change of the econ-
omy and on its social welfare as measured by national income at given prices. Foreign
capital inflow lowers the social welfare even under free trade when the entire foreign
capital income is repatriated. Subsidization to the urban formal sector must be welfare
worsening if the share of domestic capital in total capital stock is very low. These results
can not be obtained from the other models available in the existing literature because
they do not consider this conflicting role of the formal and of the informal sector on the
environmental pollution.

However, the present work is subject to a set of limitations. A static analysis is not
appropriate in this context because the relationship between labour efficiency and the
intensity of environmental pollution is not instantaneous. The negaive effect exists but is
observed only at some future date. Even if this problem is ignored, there remains some
other limitations of the static model. The assumption of perfect mobility of capital
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among all the sectors may be restrictive’, It is an empirically established fact that
the formal sector receives capital from the formal capital market and the rural sector
depends on the informal capital market.
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