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This paper explores interactions between economic growth and in-
come distribution in the context of a multi-period linear programming
planning model for Bangladesh. In this model the distribution of in-
come varies with the sectoral structure of production. The distribution
of income in turn affects both the savings rate and the commodity com-
position of demand. When economic growth, defined in terms of con-
sumption, is maximized the model chooses the income distribution
which leads to the most rapid growth. The results indicate that a shift
toward agricultural production, a more equitable income distribution,
and more demand for agricultural commodities leads to more rapid
growth.

1. Introduction

In the early 1970’s there was a revival of interest among
development economists in income redistributional policies (see, for
example, Ferguson and Nell). This interest arose as it became
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the composition of consumption demand, the structure of factor
use and the distribution of income among factor owners, Cline
(1972) has argued that if the poor spend proportionately more on
relatively labour intensive goods than the rich, then the second
round (feedback) effects of policies that exogenously redistribute
income toward the poor will reinforce the initial income equaliza-
tion. The strength of these second round effects on income
equalization will depend on the degree of variation in the con-
sumption patterns of different income classes and the differences
in the pattern of factor use in the production of different goods
and services. Some attempts have been made in recent years to ex-
amine the empirical significance of these second round effects of
income redistribution. There have been a large number of studies
of the impact of consumption — earnings patterns on the less
developed countries. Most of these studies are concerned with the
growth effects of some initial exogenous change in income
distribution, An excellent survey of these studies can be found in
Cline (1975). Using a detailed input-output table for Colombia,
Ballentine and Soligo have been able to trace the second round ef-
fects on the factor earnings of different income classes following a
simulated transfer of initial income from rich to poor households.
The results of this simulation showed that the second round
effects of income transfers would actually hurt the Colombian
poor, because redistribution would reduce the direct demand for
the services of unskilled labour.

The purpose of this paper is to examine the significance of the
variation in consumption patterns across different income classes
and sectors of Bangladesh for economic growth, employment
creation and income redistribution. The present study differs
from the Ballentine and Soligo study in two important ways. First,
while the above authors are concerned with the feedback effects
on factor incomes of redistributing the existing income, the pre-
sent study examines the same effects within a framework that
allows for interaction between growth and income distribution.
Second, methodologically this study does not follow the standard
practice of simulating the effects of an initial exogenous income
redistribution. Rather, income redistribution is endogenous and is
chosen in order to maximize economic growth. In this structure
the type of income redistribution which increases economic
growth emerges as a result of the analysis. Examination of this
result provides an understanding of the links between these two
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redistribution will be made taking into account its effects of the
mean consumption pattern. In comparing the two solutions, the
impact of this composition of demand effect on the direction of
income redistribution which promotes growth can be determined.

In this model, redistribution of income is achieved by chang-
ing the sectoral composition of gross output. The economy is
divided into nine production sectors. The high-wage modern in-
dustrial activities are classified into five manufacturing sectors,
low-wage farming activities are grouped into two primary produc-
tion sectors and the medium wage services activities are
represented by two services production sectors. Table 1 displays
the nine-sector division of the economy and indicates the major
commodity type for each sector, its rank in terms of labour inten-
sity, and the relative wage rate.

Table 1
SECTORAL TYPE, LABOR INTENSITY AND WAGE RATE

Rank by

Sector Labour  Wage
Designation  Type of Commodity Intensity Rate

5, Food Agriculture 4 low

S, Non-Food Agriculture 3 low

S, Energy 9 high

S, Textiles 8 high

S, Miscellaneous Manufacturing 2 high

S, Machinery 7 high

S, Construction 6 medium

S, Transportation 5 medium

S Other Services 1 medium

()

In addition to the standard assumptions (fixed coefficients
technology, etc.) which characterize a linear programming, the
two versions of the model described in this paper also rely on a
number of other assumptions. First, it is assumed that the sectoral
wage and price structures are fixed and the analysis focuses on the
changes in the intersectoral distribution of income which arise
from the income effects associated with investment redistribution
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The objective function is maximized subject to the following
technological and economic constraints that operate within each
five-year sub-period in the model.

B. Intersectoral Consistency Constraints

These ensure that total increments to demands made on each
sector during any period do not exceed the total incremental
availability of output in the respective sectors. There are five
sources of demand.

1. Intersectoral Current Demand

(2) 2 (t) = ? & Xj(t)

where a, is the current incremental flow of the output of sector 7 to
intermediate demand, a,; is the incremental output of sector 7 re-
quired for intermediate use per unit of incremental output in sec-
tor j and X, is the incremental output in sector j.

2. Inventory Requirements

We assume that a certain fixed ratio has to be maintained be-
tween the stock of inventories and the level of sectoral gross out-
put. The demand for new inventories should therefore bear a fix-
ed ratio to changes in gross output. But, as our model is defined
in incremental variables, the current period’s incremental re-
quirement for inventories is obtained by substracting last period’s
new inventory requirement from the current period’s new inven-
tory requirement, thus,

(8) wi(t) = Z]: Wij ()S(t)' X]- (t-1))

where w;, is the current period incremental inventory requirement
for the output of sector ¢ and wj; is the inventory requirement
for the output of sector 7 per unit of gross output of sector J.

3. Demands for Capital Formation

These represent the incremental demands made on sectoral
outputs for new capacity formation in different sectors. Treating
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constant. Since sectorial consumption forecasts resulting from (6)
usually will not add up to F,,, the function is linearized around
the base year (1976-77) consumption pattern (Taylor) to obtain.

(6) Fiay0)= (1) By (0) oy 22 LB, (0
xy

To guarantee adding up, the Engel elasticities are required to
satisfy the condition

z € M
i YF, (0)

The incremental demand for commodity 7 for income group xy,
Cixy, is obtained by lagging by one period and subtracting the
resulting equation from

(7) Copp(8)=Fyy (- Fyy (1)
= by, (F,, (0= F, (1)

Aggregating over x and y gives the total increment to consump-
tion demand for commodity 7 during period t.

=2 by, =1

(8 C()=2 3G, (t)=2 B by, C,,(1

where Cx ()_ x}(t) y(t l)

5. Government Demand

Government demand for the output of sector 7 is assumed to
grow exogenously at the rate r, per period. Thus the increment to

government demand is
(9) G(t) =, (1+x)"' G, (0)

where G, is the incremental government demand for good 7 in
period t, and G;(0)is the level of government demand for good ¢
in the base period.

6. Intersectoral Consistency

Intersectoral consistency requires that the total incremental
demand be less than or equal to the incremental supply. Ag-
gregating equations 2, 3, 4, 8, and 9, we obtain the increment to
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and C is a scalar, representing incremental consumption in period
t.

The consumption constraints for the disaggregated version are
obtained by distributing agricultural wage value-added among
the rural income classes and non-agricultural wage value-added
among the urban income classes in accordance to their respective
base year shares.

Thus

(12) ny(t)=sxy wx(t) B X =ru
where C,, is the consumption of income class y in area x, S,y is the
historical income share of income class y in area x and w* is the
total wage value-added in area x. In turn, wage value-added in
the two ares is based on sectoral gross outputs

(13) w(t) = 22:1 d; x,(t)

where w” and w* are agricultural and non-agricultural wage
value-added, respectively. It is important to note that the method
of disaggregating income described above not alter either sectoral
value-added or the implicit sectoral (non-wage value-added) sav-
ings coefficients from the values in the aggregate version of the
model.

D. Capacity Constraints

For any sector j, the capacity constraint in our model states
that the increase in output in any period t cannot exceed the level
indicated by the new capacity installed in the previous period.
Assuming that the new capacity created during period t is given
by the product of the net fixed investment in that period and the
incremental output-capital ratio, the relevant constraint on the
Jth sector is given by
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the corresponding My(t) variables negative, while trading sectors
whose products are more costly to produce domestically will
emerge as net importers with the sign of the corresponding Mt)
variables positive in the optimal solution. In addition these con-
straints effectively place exogenous upper bounds on exports (see
below),

F. Post-terminal Growth Constraints

These are formulated on the assumption that the incremental
capacity created in the terminal period (t=4) must be sufficient
to provide for increments in sectoral outputs during the post-
terminal period at least as large as those during the terminal
period. Thus,

(17) L(4)- 8,K,(4) >L(3) - 8 K, (3)

G. Initial Period Constraints

Incremental sectoral outputs in the first period (t=1) are not
allowed to exceed the incremental capacities installed in the base

period (t=0)

1
(18) X(1) < R 7[5(0) - 5 K;(0)]

This completes the description of the structures of the two versions
of the model.

H. Disentagling the Pure Savings Effect from the Composition of
Demand Effect.

The same implicit savings constraint underlies the structure of
either version of the model described above. For the aggregate
version the savings constraint may be derived by adding equations
(10), (11) and while it is given by the sum of equations (10), (12),
(13) and (15) for the disaggregated version of the model. In either
case, the savings constraint states that the incremental availability
of domestic savings (private plus government) and foreign savings
in any period must be at least as large as the incremental financ-



DEMAND STRUCTURE AND INCOME DISTRIBUTION 175

where V is total value-added. Inequalities (19) or (20) represent
the economy’s ex-ante savings constraint for both variants of the
model. But it follows from (22) that the change in the compo-
sition of output which is expected to occur due to the influence of
the differences in the expenditure patterns of different income
classes (in moving from the aggregate to the disaggregated variant
of the model) will also be accompanied by a change in the
economy’s realized (incremental) savings rate since G(t) is the
same in both variants. In general, this savings effect may be
positive or negative and will be determined endogenously.

Thus changes in the composition of output have two different
effects in the model, changing both the composition of consump-
tion demand and the savings rate. It is desirable to be able to ex-
amine each of these effects separately, in order to evaluate their
individual effects on growth. The technique described below
allows us to adjust the savins rate in the disaggregated version of
the model to that in the aggregated version of the model without
constraining the composition of output. We are, therefore, able to
isolate the composition of demand effect from the effect due to
the change in the economy’s incremental savings rate.

Let (s/v)* be the aggregate incremental savings rate (defined
gross of government spending) realized in the solution to the ag-
gregate version. We introduce the following constraint in the
disaggregated model
z
t

(v; = d))X(1)

(23) (sh)* = X
i /

Z
I
zZ

t

We may rewrite (24) as

zv S
(24) 1=(1- /)" — é)f% ~E (S//\;L

This constraint is achieved by allowing the wage value-added
coefficients, dj, to vary while maintaining the relationship among
them. Thus a new variable, o, is defined which applies a com-
mon scale factor to the original values of the d, coefficients, (") .
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III. Results

Tables 2 and 3 present the optimal solutions to the thre
variants of the model. Each entry in Table 2 represents the in-
cremental level (in hundreds of millions of 1976/77 Takas) at
which the corresponding activity is to be operated in the period
indicated at the top of respective column. The results are organiz-
ed in a manner so that it is easily seen how much expansion
should take place in production, import or export, and invest-
ment in each sector during each period for all three variants of
the model. Table 3 presents the increments to consumption,
broken down by urban and rural income classes; increments to
saving broken down into rural and urban components, the overall
savings rate, increments to gross output and the values of the ob-
jective function. The shadow prices associated with the various
constraints in the model are shown in Table 4.

Examination of Tables 2 and 3 shows that the growth of out-
put and consumption is greatest in the disaggregated version of
the model (variant 2). Overall incremental output is 5.68 per cent
higher in the disaggreted model relative to the aggregated model
(variant 1). Thus, when the model takes into account the impact
of the sectoral composition of output on income distribution, the
commodity composition of consumption demand and the savings
rate, more growth in output and consumption can be obtained.
Our main interest in these results is to quantify the relative impor-
tance of the composition of demand and the saving effects. In ad-
dition we wish to examine the nature of the changes in income
distribution, commodity composition of demand and the savings
rate which accompany the higher growth in the disaggregated
model.

First, we observe that the realized incremental savings rate
associated with the disaggregated model is higher than in the ag-
gregated model (see “Table 3). Thus the changes in the composi-
tion of output and income distribution are chosen by the model in
such a way as to increase the savings rate. This increased savings
rate may account for all or a part of the increased growth observ-
ed in the disaggregated model. A comparison of variant 3 with
variant 1 indicates that the size of the composition of demand
effect, which amounts to about 33 percent of the difference be-
tween variants 1 and 2. The remaining 67 percent of the increas-
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in the first period is lower than in the aggregated model. This
feature of the results can be explained by recalling that the pat-
tern of incremental output in the first period is constrained by
predetermined capacity expansion, which reflects the historical
commodity composition of consumption demand, and, thus, is
consistent with the commodity composition pattern in the aggre-
gate model but not with the desired patterns in the disaggregated
model. In the disaggregated variants larger increases in gross out-
puts first appear in the second period, based on the endo-
geneously chosen pattern of capacity expansion in the first period.

It is also useful to examine differences in the sectoral patterns
of output expansion between the aggregated and disaggregated
variants of the model. The disaggregated variants show
significantly larger increments of gross output in food, machinery,
construction and transportation and significantly smaller incre-
ments in energy, textiles and miscellaneous manufacturing. In ad-
dition, the disaggregated variants show smaller increments of im-
ports of machinery and exports of textiles and larger increments
of imports of energy. When the increments to domestic use (gross
output less exports or gross output plus imports) are examined,
the disaggregated model chooses greater increments to food, non-
food, machinery, construction, transportation and non-
competitive imports and smaller increments to energy, textiles,
miscellaneous manufacturing and other services as compared to
the aggregated model. The general picture which emerges in-
dicates a shift (in moving from the aggregated to the disag-
gregated model) away from relatively capital and import intensive
goods. A comparison of variant 3 with variant 1, indicating the
composition of demand effect, reveals similar differences in the
sectoral patterns of production, trade and domestic use. In par-
ticular, domestic use of food, construction, transportation and
non-competitive imports is larger and domestic use of energy, tex-
tiles, miscellaneous manufacturing and other services is smaller in
variant 3,

The result that a higher incremental savings rate is associated
with a shift of income to agricultural activities in the disag-
gregated model occurs because the savings rates for the
agricultural sectors are higher than for the non-agricultural sec-
tors in the model. The limited empirical evidence available tends
to support this feature of the model. Bergan found higher gross
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Available data on income inequality in less developed coun-
tries show that the principal sources of inequality in these coun-
tries is the variability of labour income across different occupa-
tions (see Fields). In Bangladesh, close to 80 per cent of net out-
put is comprised of labour earnings. The distribution of earnings
is highly skewed across the agricultural and the non-agricultural
occupations and within the urban sector of the economy. Poverty
is concentrated in agriculture among the landless peasants who re-
main either totally unemployed or only marginally employed from
year to year. The full time unemployment equivalent in
agriculture has been estimated to be about 35 per cent of the
country’s labour force (Alamigir).

In view of the above facts, we have chosen to define the index
of relative inequality for this study in terms of the sectoral
distribution of incremental earnings over the entire labour force,
including those that are employed in low, medium and high wage
sectors of the economy and also-those that are unemployed. By
defining the earnings distribution over the total labour force, we
have implicitly made income inequality sensitive to changes in the
rate of unemployment. thus, other things remaining the same, a
more rapid rate of productive job creation in our study will reduce
inequality at the lower end of the income scale. This assumption
seems to be particularly useful for labour surplus economies,
where the extent of poverty tends to be concentrated among the
unemployed and the marginally employed. The Lorenz curve
shown in Figure 1 has also been constructed excluding the
unemployed, thus focusing on the distribution of incremental
labour earnings among the employed. Although the differences
are not as pronounced as in Figure 1, the disaggregated model
yields a more equal distribution among the employed.

The Lorenz curves shown in Figure 1 were constructed as
follows. The solutions to each variant of the linear program
presented in Tables 2, 8 and 4 can be used to compute the struc-
ture of incremental employment and labour and non-labour in-
comes during each period. Aggregating these over the four
periods, we have calculated the change in the sectoral distribution
of employment and earnings that holds at the end of the plan.
These are presented for each variant of the model in Table 5. We
have then further consolidated the economy by summing over the
agricultural (S; and S,), manufacturing (Ss through S,) and ser-
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vices (Sg and Sy) activities. The resulting information is then
arranged to define the distribution of (incremental) earnings over
low wage agriculture, medium wage services and high wage
manufacturing occupations (see Table 6). The index of relative
inequality is then defined in terms of Lorenz curves, by plotting
cumulative proportions of the total labour force, including the
unemployed (with no income), and those employed in lower to
higher wage sectors.

Figure 1 shows that the Lorenz curve (distribution) associated
with the disaggregated model lies entirely inside that associated
with the aggregate model, so that the former represents an un-
equivocally more equitable distribution of incremental earnings
than the latter (the Gini coefficients reported in Table 6 are
consistent with the Lorenz curves). Although the relative position
of those employed in the lIow wage sectors improves under the
disaggregated version, based on this fact alone it cannot be con-
cluded that the investment strategy under this version of the
model is socially more preferable. Such a decision would require
additional information on what has happened to aggregate (in-
cremental) output. this study suggests that there need not exist a
policy conflict between efficiency and equity in a labour economy
with a fixed wage structure.

The major results of the study cannot be fully understood
without a more detailed examination of the solutions. In par-
ticular, we would like to examine the nature of the change in the
commodity composition of demand and its relationship to the in-
creased growth and more equitable income distribution in the
disaggregated model. The preceeding discussion indicates that in-
come is redistributed toward the lower wage sectors of the
economy, especially the agricultural sector.

It is clear from Table 2 that the optimal pattern of production
in the disaggregated version of the model becomes significantly
less industrialized as the agricltural sector experiences relative ex-
pansion under a higher demand for food in this version of the
model. There are two sources of the increased demand for food
(farm products) in the disaggregated version. The first is due to
the rural-urban differences in consumption patterns and the
second is due to the variation across income classes within each
region. The net result of variation within and across regions is
that the poor on an average spend a much larger proportion of in-
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come on food (68%) then the society’s mean expenditure on food
(56%), the difference being largely explained by the low demand
for food by rich households (42%). The expenditure patten of the
middle income households, who spent about 59% of their income
on food is not very much different from the society’s mean expen-
diture pattern.

The fact that the poor spend a higher than average proportion
of their income on food causes the composition of output to shift
toward the farm output when the income distribution shifts in
favour of the poor. Thus, the relative share of the consolidated
agricultural sector (activities S; and S,) in aggregate incremental
output rises from 53 per cent in the aggregate version to over 57.5
per cent in the disaggregated version of the model. At the same
time, owing to the low demand by the poor for petroleum pro-
ducts, electricity and gas (S;), mill-made textiles (S,) and
miscellaneous modern manufactured products (S;), the relative
shares of these sectors decline. Thus, in spite of the marginal ex-
pansions registered by the construction (S;) and the machinery
production sector (Sg), the overall share of the manufacturing sec-
tor in incremental output diminishes by over 2.5 per cent. The
relative size of the services sector (activities Sy and Sg) also ex-
periences a similar decline, mainly because the poor spend less
than half of the proportion of income spent by the rich on hous-
ing, banking and other services (Sq).

The assumption of fixed coefficient Leontief type sectoral pro-
duction functions rules out any direct factor substitution in the
production of any given commodity. For the economy as a whole,
however, indirect substitution between labour and foreign ex-
change and labour and domestic capital (savings) occurs through
changes in the composition of aggregate output. Thus, the
relative contraction of the high cost manufacturing activities as a
consequence of investment reallocations toward agriculture
releases some of the pressure on scarce foreign exchange and
domestic capital. Therefore, for the same availabilities of
resources, the economy grows at a faster overall rate under the
disaggregated model.

The above claim that the agricultural sectors are less depen-
dent on foreign exchange and domestic capital is supported by an
analysis of the shadow prices associated with the solutions (see
Table 4). Variants 1 and 2 of the model were initially run with no
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highest in all but the last period, when miscellaneous manufactur-
ing (the most labour intensive among the trading sectors) ranks
first or second.

The above discussion sheds further light on the improvement
in income distribution associated with the disaggregated model.
The higher growth rate under the assumption of a fixed wage
structure is directly translated into a higher rate of productive job
creation. However, as indicated above, the relative expansion of
the farming activities in the disaggregated version takes place
partly due to a diversion of demand from housing services (Sg) and
miscellaneous manufactured products (S;) on which the poor
spend relatively little. Because these two commodities are relative-
ly more labour intensive than the farming activities (S, and S,, the
(incremental) level of employment in the disaggregated version is
higher by less (5.6%) than is the (incremental) level of output
(6.7%). Nonetheless, the higher rate of labour absorption in the
disaggregated version results in a reduction of the unemployment
rate from the initial level of 30 per cent to the level of 24 per cent
at the end of the plan, while for the same labour supply growth
assumption, the unemployment rate under the aggregate version
is lowered to only 26 per cent at the end of the plan. Since for the
large pools of the unemployed and the marginally employed in a
poor labour surplus economy, employment provides the only
source of income, a faster rate of productive job creation is
distributionally equalizing, as it results in a greater reduction in
the proportion of the economically active population without an
income. The potential reduction of income inequality at the
margin, as depicted in Figure 1, reflects this fact, as well as the in-
creased labour income in agriculture.

IV. Conclusion

In this paper we have used three variants of a linear program-
ming model in order to examine the significance of the variation
in the consumption patterns across different income classes and
regions of Bangladesh for the interaction between economic
growth and income redistribution. Our results suggest that in a
labour-surplus developing economy like Bangladesh, in which
capital and foreign exchange are the scarce resources, income
redistribution toward the poor is consistent with more rapid
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