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Production Function Analysis
in the Manufacturing
Sector of Barbados:

An Econometric Approach*

Andrew S. Downes**

This paper examines the substitution, returns to scale and
technical change parameters of production functions in the
manufacturing sector of Barbados over the 1970-1977 period
using a CES production function. Subject to the limitations of
the data and assumptions of the analysis, there is evidence of
labour-saving technical change and ‘increasing returns to scale.’
The elasticity of input substitution appears to be low.

1. Introduction

The purpose of this paper is to examine some of the charac-
teristics of production functions in the manufacturing sector of
Barbados, a small developing country in the Caribbean. Produc-
tion function analysis is important for several reasons. First, the
extent of factor substitution in the production process has impli-
cations for employment generation, the functional distribution of
income and wage policy. Secondly, the “effects of varying factor

*This paper is based on part of Chapter 7 of the author's Ph.D, thesis “Industiral Growth
and Employment in a Small Developing Country: The Case of Barbados 1955-1980," De-
partment of Fconomics, University of Manchester, July 1985, The author would like to
thank Dr. N, Lee and Dr, G, Joseph for their guidance and comments, An anonymous
referee also provided useful comments, The author, however, accepts full responsibility for
the interpretation of the results.
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II. The Analytical Framework

The analytical approach adopted in this study is based on the
assumption that establishments within a ‘manufacturing group’
seek to minimize the costs of producing a target level of output.
This cost minimization approach has three main advantages
which are relevant in an analysis of production fucntion charac-
teristics (see Brechling, p. 9). The first advantage relates to the
non-specification of assumptions regarding the competitive nature
of the output market. As Brechling (p. 9) indicates, by “letting
output be exogenous, errors ensuing from a misspecification
of the structure of the output market are avoided.” A second ad-
vantage is that cost minimization is compatible with decreasing
long-run marginal (average) costs. Although output price is not
relevant to the cost minization approach, it is consistent with
average cost pricing which is practised in a number of manufac-
turing operations.? This separation of scale and substitution ef-
fects permits easy estimation and testing of the parameters of the
production function.

Under the assumption that establishments within a ‘manufac-
turing group’ seek to minimize the cost of producing some level of
output which they will sell at an ‘administered’ price, the produc-
tion technology is given by the CES functional form:

y
(1) V = v {3Ke+(1-3)Le) " ‘

where V is real net output or value added (assuming that the
Leontief separation theorem holds), K is utilized capital services,
L is labour services employed. The parameters of the function are
vy (an efficiency parameter) which is less than infinity; & (a distri-
bution parameter) lying between zero and one, ¢ (a substitution
parameter) which is greater than or equal to minus one but less
than or equal to infinity, and u (a returns to scale parameter)
representing the degree of homogeneity of the function and is
greater than zero. Since equation (1) is a flow equation, then on
the assumption of constant utilization rates, the capital and
labour services flows can be proxied by the stock concepts of
labour and capital.

2 See BIDC.
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Combining equations (4) and (5) yields:

6) BV _wr=—2_ wri+teg-e
m S

Using the first order optimality condition based on the Lagrangian
multiplier, K-¢ can be replaced by the relation®

V-e/u
dyv/m

(1)Ko= - v

where V is the target level of output. Substituting (7) into (6) and
carrying out a series of simple manipulations and then taking
natural logarithms, a demand for labour function results in the
following form:

1 1-8 1 P p+e .

InL = 1 . [nrea
(8)InL= 373 n(mYP/P‘) 17 "W uire) BV

or more simply

(9) InL= 6, + 921nY-:+ 0,10V

pto

= ————>0, and 6, is a constant.
5 u(1+e) :

-1
where 92 :-l—;—e <0, 0

For the purpose of statistical estimation, a stochastic term, e,
can be added to equation (9) on the assumption that it is expo-
nential and multiplicative in equation (1), that is, e®. Hence the
statistical equation is:

(10)InL= § + ézln—‘g+ BIn¥ +€,

where ¢; follows a normal distribution with zero mean and cons-
tant variance.

In equation (10), 0, represents an estimate of the elasticity of

3 This is one way of by-passing the problem of the unavailability of capital data for the
manufacturing sector of Barbados.
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mediate inputs, bias in the estimates associated with the absence
of labour quality and ‘management’ input in the production func-
tion, the assumption of homogeneous labour (i.e. an aggregation
problem), measurement errors in the data, the use of different
vintages of capital stock in the plant and excess capacity. Since
the data are not available to fully assess the effect of these pro-
blems, they must be taken into consideration when interpreting
the results.

The ‘unrestricted’ equation (10) and the 'restricted’ equation
(11) are applied to 10 ‘manufacturing groups’ on a cross-
establishment basis for the years 1970, 1978 and 1977. The labour
variable (L) is defined as the total number of employees at the
end of the year, the wage variable (W) is the ratio of total wages
and salaries to the total number of employees at the end of the
year, and the output variable (V) is net output or census value ad-
ded. It is assumed that theoretically, all establishments within a
group charge the same output price through a tacit oligopolistic
agreement or statistically, the standard deviation of the price
distribution within each group is very small. These assumptions
are made to overcome the problem of unavailability of price data
across establishments.

The results of estimating the unrestricted equation (10) indi-
cate that, in general, the output variable has a greater statistical
effect on the demand for labour than the wage variable. For the
three years, the output variable is only statistically insignificant at
the 5% level in three ‘groups’ — beverages (1970), machinery and
electrical apparatus (1970) and other manufacturing (1977). In
these cases, the wage variable is also statistically insignificant at
the 5% level (see Table 1). For the overall or total manufacturing
sector, both variables are statistically significant at the 5% level,
but these overall results rest on the assumption that all
establishments are on the same production function and are in
‘long-run’ equilibrium. To the extent that cross-establishment
estimation reflects a ‘long-run’ situation, the relative importance
of the output variable suggests that measures to increase output
would have a greater ‘long-run’ impact on employment growth
than measures to reduce wages.

In the unrestricted equation, the wage variable is significantly
different from zero in food products (1970, 1973), textiles and
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Table 2

SUMMARY OF THE STATISTICALLY APPROXIMATE
VALUES OF THE OUTPUT VARIABLES AT THE
59%, LEVEL OF SIGNIFICANCE*

Industrial Branch 1970 1973 1977

Food Products 1 1 1

Beverages, Tobacco** 0 >0, <1 >0, <1

Textiles, Wearing Apparel, 1 >0, <1 >0, <1
Leather Goods

Wood Products, Furniture, 1 >0, <1 >0, <1
Fixtures

Paper Products, Printing, >0, <1 >0, <1 >0, <1
Publishing

Chemicals 1 1 >0, <t

Non-metallic Mineral 1 1 >0, <1
Products

Metal Products, Transport >0, <1 >0, <1 >0, <1
Equipment of Metal

Machinery, Electrical 0 1 >0, <1
Equipment

Other Manufacturing 1 1 0

Total Manufacturing >0, <1 >0, <1 >0, <1

Notes: * The values are based on test of significance from zero and unity,

** For beverages only.

# > 1). The results of estimating the unrestricted equation (10)
suggest that the elasticity of substitution across ‘manufacturing
groups’ was ‘low’ and production may have been taking place
under increasing returns to scale over the period.

Since the restriction of a unitary output coefficient is not
universally valid for all manufacturing groups for the three years,
the estimation of equation (11) to determine the value of the
elasticity of substitution will yield biased estimates. The estimated
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therefore, that over the study period, the existence of labour-
saving technical change and the relatively low level of the substi-
tution parameter, meant that employment generation in the
manufacturing sector was limited. Measures to increase output
(e.g. export promotion), would have a more significant effect on
employment generation than measures to reduce wages. The ex-
tent to which employment increases depends on the relative in-
fluence of labour-saving technical change and output expansion.
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