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.SUMMARY

THIS paper ‘investigates labour employment in the
Nigerian manufacturing sector within the framework
of input substitution possibilities. Labour is stratified
into skilled and lowly skilled labour. Using a flexible
functional form, the translog, in modelling the input
demands (cost shares), it is discovered that weak
substitution possibilities exist for all inputs used in the
sector. Technological rigidities, which are reflected in
low (generally less than unity) coefficients of elasticity.
of substitution, exist and inhibit the rapid factor
substitution and technological transformation. Given
the low own- and cross-price elasticity coefficients,
increase in wage rates may be a good income policy for
workers in the sector, but wage reduction will not
significantly increase labour employment. The lowly
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skilled labour currently dominates the workforce in
the sector and elasticity of substitution coefficients
computed revealed that increase in factor prices would
enhance the employment of more of lowly than highly
skilled workers. '

1. - INTRODUCTION .

DEMAND for production inputs is a derived
demand that depends conditionally on the prices of
inputs and cutput. Input demand can also be linked
up with the prices of output of the input-using
industry - a case of specification of unconditional
demand for mput - since ulnmately, it is the proflt
situation (determined by output price mostly) that
drives the decision to employ any input. The input
and output prices notwithstanding, demand for inputs
is also significantly influenced by the level of inter-

factor substitution possibilities open to any producer

Thus, the fungibility of technology is also 1mportant in
the determination of factor demand.

For sound pursuit of | human resource
development one must also consider the structure of
demand for labour. It is only reasonable that labour
demand shotld take into account both the market and
technological variables that influence it. Although
human capital is a very important component of
economic resources, the actual contribution of human
capital to economic growth and development is
realized in the use (employment) of such human
capital in production economic activities. The share of
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labour in the national income depends on the quality
and quantity of labour force employed besides the
institutional factor affecting the setting of wages and
salaries within any economy. The size of labour
“employed in the economy is determined by among

other things, the wage rate, and the level of outputand .

input substitution possibilities.

There is need to analyse a typical labour demand
function in Nigeria. This paper is an attempt in that
direction. The choice of the manufacturing sector is
predicated Qh- the: revolutionary tole of manufacturing

. as engine of economic development, and partly on the
‘availability of data that can guarantee the required
analysis. The paper, therefore, provides answer to the
question of what determines the employment of skilled
and unskilled labour? Specifically, the answer to the

question is sought within inter-factor substitution and

the logical effect of such relationships for the demarid
for specific labour types. : g

. The paper is subsequently subdivided into four
sections. Section 2 is devoted to the theoretical
framework and section 3 is concerned witn discussion
of method and ‘model used for the analysis. The
empirical results are presented and ciscussed in
section 4. The last section, presents some concluding
remarks on implications of the results on labour

employment.
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2, THEORETICAL ISSUES ON LABOUR
INPUT DEMAND

ANALYSIS of labour demand is better done
within a framework of general input demand so that
the effect of relationships between labour and other

“inputs can be observed. There are many factors that

determine labour demand (employment) in any
organization. These include institutional factors such

. as wage rates (set in the market institution) and output

prices, - and . technological factors, which - include |
technological constraints that set limits to substitution .
among_inputs. Since labour demand is dzrived from
the demand for goods and services produced with the
use of labour, its employment depends crucially on the
profitability of production. But relating labour .
demand with the profit function actually implies the
relationship between labour demand and wage rate.
This is because profit maximisation rile. K can be
partitioned into two stages, the, first stage involves
determining least cost of producing a set of output,
and the second entails obtaining the profit-maximising
output set. - The profit maximising demand for any
factor input, is by duality, the cost-minimising demand
for such input required to produce the profit-
maximising level of output (Chamber, 1988). Thus,
information pertaining to input demand can be
derived from the production function or, by duality,
the cost function as well as profit function.

The inter-factor fungibility, that is the case of
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unimpaired possibilities of substitution among factor
inputs in a production function, is also an important
consideration in the determination of factor demands.
Alfhough the neo-classical  production function
assumes, for mathematical convenience, a smooth
factor  relationship ~ with- continuous- substitution
possibilities, the  technical factor combinati.on
possibilities open to the firm are not necessarily
smooth, or even nearly so. But then, factor
combination is such that the firm's ability- to substitute

some factors for others and the constraints facing.such

substitution affect the level of employment of the
" inputs. -
Employment of labour as affected by factor
substitution has been at the centre of early neo-classical
production models such as Cobb-Douglas (1928) and
“Arrow, et al (1961) which were particularly interested
in tracing the effects of labour-capital substitution ‘on
employment. Following the impact of high pricles of
mineral resources, especially the energy  Input
minerals, the scope of the study of the corsequence of
factor substitution on input demands has been
expanded. Such researches, however, have devoted
their efforts to energy and mineral demans in mostly
developed economies whose economic performances
were hard hit by the rise in prices of mineral energy,
particularly petroleum fuels. These studies .include,
among others, Berndt and Wood (1975), Griffin and
Gregory (1976), Pindyck (1979) and Halvorsen and
Ford (1979). Humphrey and Moroney (1975) were
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interested in the effects of substitution on the demand
for capital, labour and natural resources. - -
Evaluation of factor demand under a general
input demand model reveals some facts about the
influence of other factors on the demand for a
particular - input. The knowledge' of factor
complementarity and substitution is very important in
the prediction of input combination in the production
process as the relative prices of factor change, with
serious implications for employment (Brownson, 1989).
However, despite the degree of substitution that may
exist among factors, the use of any input is also
influenced by the adjustment costs in the process of
altering factor composition "within & the firm
(Hamermesh and Pfann, 1996). Adjustment costs
include production disruption due to reassignments,
search costs, and training costs and the associated loss
in productivity due to waste of time. In terms of
labour demand; the additional costs of adjustment
would inclule severance payriixents and increase in
retirement overhead (Hamermesh and Ifann, 1996).
Nevertheless, the willingness to bear the adjustment
costs would depend on market performance of the
firm’s output which is measured by the prices of the
products. For instance, professionalization of a
production process may lead to substitution of highly
skilled labour and modern machines such as
computers for lowly skilled labour class and could be
very profitable ultimately. However, consideration of
such large-scale overhau'ing of the productiion process



South-South Jowrnal of Culture and Development Yol. 7 No. | June 2005 62

will include detailed evaluation of the costs and
returns, waiting time for the adjustment, and
community relations implications for the entire firm
compared to the status quo ante.

3. MODELLING OF LABOUR DEMA\ID

ANALYSIS of labour demand can be done using '

many functional forms - from the simple Cobb-
Douglas to constant elasticity of substitution (CES), on
te the generalized Leontief and the transcendental

logarithmic (translog) models. For this analysts, it is.
the translog, which is used to model the demand for
labour.  Scme of the strengths of the translog

modelling that make for its use in this study include,
its flexibility and its ability to provide direct estimates
for input price elasticities and elasticity of substitution,
allowing also for the test of their statistical significance.

The basic economic principle behind modelling
is the existence of duality between the production and
cost functions. Thus, given an admissible production
funchon, a cost function dual can be derived from it
and vice versa. In terms of ease of data collection,
there is an advantage in working with cdst function
since information for its estimation can easily be
extracted from accounting records of any organization
or sector. This paper, therefore, uses the cost function
approach of translog modelling to derive the input
demand equations.

With.. the existence of duality, a total cost
function, C, can be used to derive t:ecl:mological
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.
characteristics of the production function dual. Hence
with C the information concerning inputs used in the
production process can be mvnslnga Ll

Given the cost tunctton = (I, Q), the translog
form is represented as: 7

n n
inC =aq 420. INPi+aqInQ + %2 (T vi (PR + y g INQ)2 | +
. 4 : it
n o n n
ZZWQI”P'”P'*Z"QI”PI“Q

izl =i

20:= 1, Xy 4=0, vy =y

Where P; = price of input'i [i = capi-ta] (k), Skilled

labour (s), lowly skilled labour (), energy
(e), and materials (m)]; ”
Cti, Yij, Yig Yoq = €stimable coefficients
The input demand can be technically derived
from the cost function above with some economic
assumptions. First we take the partial differential of
Fhe cost function with respect to the input prices. That
is, |
alnC oC P.‘
np, = 9P C T )

Applying the Shephard’s Lemma, that is 0C/apP;’
= Xi (Xi = physical input i, used in the production
process), then equation (2) can be rewritten as:

2InC o P Pi X; Pk

anP, = 0P, C = € T Ipx =S
e (3) 0
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Equations (3') are the cost share of factor i in the
total cost outlay and is usually a proper fraction. The

input demand characterizations are estimated from

this equation and the relations represented in equation
(3") are sometime referred to as input demand function

~(Fuss, 1987). The sum of §; is equal to one (i.e.,, XS = 1).
This has some implication on. paramelérs to be
estimated. The unity sum of S means that the
coefficients of the ntlt equation among the S, (i = the list
of inputs) can be recovered directly because of the
linear ‘relationship. = Thus, it is only necessary to

. estimate the coefficients for (n-1) equations. The set of

. equations (3") can be explicitly represented in translog
form as:

Si = ai+ Yi InPi + 2y In Py + v InQ
3

j=1

In analysing input demand, like labour, the set
of equations (3) are estimated. (As there are five
separate inputs, there are also five cost share
equations.) From there the input price elasticity and
elasticity of substitution are estimated. For the price
elasticity coefficients the following formulae are used:
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i = (vi + S2 — S )/Si ; for own price elasticity
coefficients;

ni = (v + SiS) Si (i# ]); for cross elasticity

coefficients.

The. elasticity of substitution coetficients are.
estimated using the formulae: '

Cij = (vi + S - Si)/S2, or ni/S,

i

Cij (Y.,-I— 5;5{,_)] $:S;, or ??,,./S‘, iy

These formulae have been used by many studies -
Halvorsen (1977), Pindyck (1979) and Berndt (1991),
among others — in estimating factor demand and the
associated ecznomic effects.

Data Used in,‘the Study .
The data requirements are mostly met through

‘the Federal Office of Statistics (FOS) data supply. The

cross-section data on the manufacturing sector is used.
Of about one thousand firms whose information were
made available, only 377 had complete data required
for the analysis. This was particularly due to the
breaking down of labour into highly skilled and lowly
skilled. For some firms, information on labour was not
stratified and so they were left out of the analysis.
However, the data used in final analysis were checked
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and ascertained to be quite representative of the entire

sector.
Derivation of data on variables used in the

estimation was done making use of some relevant
economic principles. Wage rate was derivad using the
assumption that workers on average put in 8 hours

. daily or 2080 hours per year. The wage: ratexsquohent .
" of total wages and labour expenditure to the total

number of workers times average number of hours
worl\ed per year.

e The pric'e.'of' capital is not wholly based on

* information given by the firms’ data. The user’s cost of
capital (Ux) is extraneously derived with the method
that Mlambo (1993) and Woodland (1993) adopted
using the formula:

Ux = P{r+o0) &
P; = investment goods price index ‘
r. = interest rate '
o = depreciation rate

The nominal interest rate was used. instead of
real interest rate. This is because for some year’s real

interest computed turned out to be less than zero. -

Alameda and Mann (1989) used nominal prime
lending rate for similar computation. The price of
investment goods was proxied by index of producer’s
price for the respective sub-sectors in the
manufacturing sector. Many firms did* not report
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depreciation so the sub-sectoral averages were used |

for those that did not give any information on
depreciation. :

For erergy price, the calculation was done in
naira for tons of oil equivalent. The averase price was

thus calculated. Pindyck (1979), Moroney and Toevs

(1979) and Woodland (1973) have used the method.

The price of materials was derived by considering the
average of imported and local raw materials used by
firms. Many firms did not report the ratio of domestic

- to imported- raw materials that they used. So the
estimate was guided by the Manufacturers Association

of Nigeria and the Central Bank of Nigeria (CBN)
assertions that small-scale firms use mcre domestic
raw materiai:than the large-scale firms. Hence, it is
assumed here that small-scale firms, on the average,
use 60 per cent domestic raw materials and 40 per cent
imported materials, while this ratio is reversed for the
large-scale manufacturers. The material price was then
compiled using these ratios with the producer’s price
index representing the price of domestic ry;w materials
and import price index, the price of imported raw
materials. Nevertheless, because of the linearity of the
sum of cost share, the cost share of materials was not
estimated directly but its coefficients were recovered
systematically. -

The quantlty (output) index was derived, as

"~ Woodland (1993) did, by deflating sales with price

indices. But while Woodland used th= consumer
composite price index to uniformly deflate sales, this
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- . . - \o
paper uses sub-sectoral price indices to derive the & ;i:
output index. g g
=w
ERRE
, e iy SSES
4. Stylized Facts and Cmpirical Analysis 2252
2 i < o
Macro-economic formation concerning labour -
o
employment is sparse i deficient in details. Most of ~3
wvr
the data published by the FOS and CBN is based on Gt
; ; : . : 2E3
sectoral surveys. With various problems that” have s
impaired a successful population census, labour e

analysis has been relying on the surveyed data.
Nevertheless, some care was taken in making use of -
the manufacturing survey of labour employment by
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Source: Calculated with data from: Federal Office of

Statistics (various years) Aminal Abstracl of Stalistics,
.dg()f-i.

Some of the reasons responsible for this are:

(v)  Hiph cost of imported raw and intermediate

tmaterials due to exchangc rate  deregulation
combined  with high  inflow of imported
manufactures have resulted in drastic reduction

in domeshc manuiac[umw Lapauly ulil 1l-almn’

This has had a. negative elfect on  labour
employment in tlu, sector since labour lay-off is
one of the immediate policies taken by any firm
to contain a downturn in the business cycle.

(b)  High costs of energy, communications and other
infrastructural inputs due to inefficiency in
publicly supplied sources have exacerbated the
reduction in production capacity utilization.
This has worsened the fallen level of labour
employment in the sector.

(c)  Besides the above reasons, rising wage rates for
all categories of labour, especially since the
dawn of 1990s (sce Table 1) has also accentuated
the fall in employment of labour in the sector.

Although nominal earning has been growing
throughout the period covered in Table 1, it was

response, average number of employee per firm which

spectacularly at increasing rate in the 1990s. [n
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used to be zbove 100 workers before SAP fell to an
average of about 76 workers. Another issue worthy of

note is that although the nominal earnings per

employee have been on the increase, the share of
labour income in the manufacturing value-added has
been falling. (See also Table. 1 for the trend in the
labour earrings to value- -added.) This fall in labour
share in the value-added in the sector is due to the
general reduction in labour employment in
manufacturing firms and also because m'mufacturmg '

: utput prices are rising at fa‘ster rate than the rise in
‘wages thus protecting the profits and eroding labour

share in the value-added.

It is not only in the share of
lebour in the value-added that

allocation of value to labour hes

been declmmg The cost share of
labour in the total cost outlay hﬂa

also portrayed that labour on' the

average accounted for relatively

lower share in the total costs

compared to capital and materials.

Although the cost share of labour

has been consistently lower than

those of capital and materials,

tiiere has been marginal increasc

-in the cost share of labour between
1988 and 1995 from 10.4 per cent

to 15.4 per cent, with an average

of 1.8 percent during the period.
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But the averages for capital and
material during the period were
49.9 (50) per cent and 32.3 per
cent, respectively (Akpan, 2001).

Another  peculiarity =~ concerning  labour
employment in the manufacturing sector is that both in
numerical strength and the proportion in labour cost
and total cost shares the lower skilled workers
dominate the sector. For instance, in 1991 and 1992 the
cost shares of low skilled labour were 8.74 and 8.71 per
cent, as against 7.11 and 6.91 per cent for the skilled
wotkers in- the two ' yeats, .respectively.  The
explanation for this may be that the sector’s plants are
mostly operated by lowly skill factory floor workers.
For most manufacturing plants there afe very few
highly skilled workers whose operations are mostly to
draw up broad objectives, set production goals for the
firms and offer supervisory management services.; The
main physical operations of the manufacturing
activities are in the hands of the lower skilled workers.
This mode of staffing has serious negative implications

on the deve'spment and sustenance of the Nigerian

manufacturing sector and of the development of
manufacturing manpower.

. For the sector as a whole, the manpower
employed presently is weak, in composition and
lacking in technical know-how to research into better
techniques of manufacturing. Also because the staffing
tilts toward lowly skilled labour, there may not be any
pressure for retraining and skill development along the
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specific manpower need of the sector. Thus, the cost-
saving method of staffing employed in the sector is
also contribuiing factor to the technologicai crisis in the
sector. '

Labour employment in the  manufacturing
sector is seriously affected by the rigidities in the

sector’s technology. - The manufacturing sector is

observed not to be adjusting rapidly to changes in the
prices of factors. This is demonstrated in the inelastic
coefficients of both the own and thé cross-price
elasticities. Generally, change in the price of any factor

-'inc_luding 1abour of all c:ategori‘es,' leads to less than
proportionate effect on factor hiring. The own-price

elasticity coefficients all bear the correct sign, negative.
The cross-price elasticity coefficients show that all
inputs in *he manufacturing sector are weak
substitutes. This is possible given the fact that cross-
sectional data used in the analysis usually capture the
long-run effects.  Thus - in the long-run factor
employment -in the sector has a tendency for
substitution although at limited' scale given the low
values (less than wunity) of the price elasticity
coefficient.

With particular reference to labour, the own-
price elasticity coefficients’ for both the skilled and
unskilled labour are about the same range 0.55 and
0.53 respectively. Compared to energy and materials,
labour demand is more inelastic. Even though capital
and the two categories of labour are weak substitutes,
the effects of change in the user’s cost of capital on
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labour employment are greater than the effects of
change in wage rates on the demand for capital. (The
values of ny, N are greater than n,, N, see Table 2.}
The reason for labour employment being a little
more flexible compared to capital has to do with the
adjustment costs associated with the use of such
inputs. Generally, capital input acquisition takes many-
more things into consideration than does labour
employment  The extra cost associated with new
capital acquisition include order cost, waiting period,
~ employment and training of specialized ‘workers to
" man such machines and equipment, and sometimes the
search for suitable raw materials that the new cap1ta1
stock can process. It is such costs that define the
relative variability of factor inputs: the lower the
adjustment cost the higher the own price elasticity of
demand for an input, and the more variable the factor
would be relative to others. Again, the more variable
inputs will respond more to change in the prices of
related and relatively fixed inputs than the latter set of
inputs will respond to change in prices of the former.

This means that cross price elasticity coefficients of

input demand can be used to speak about the

associated adjustment costs and relative varlabdlty of

factor mputs .
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The results also showed that if the wage rate of
skilled labour increases by 100 per cent; the energy
utilization will increase but less than proportionately
by just 1.3 per cent. The same Tate of increase in lowly
skilled labour wage rate will cause 9.1 per cent increase
in demand for energy input. Increase in the price of
energy inputs has relatively lower effect on the
demand for labour of both categories (see the cross
price elasticity coefficients n; = 0.0068 and 1. = 0.038
in Table 2).

Considering the price elasticity coefficients, the

change in prices of’ capltal has greater influence on the -
labour employment than the prices of other inputs, Ny

© =0.393 and n = 0.273. This means that increase in the

price of capital will induce higher demand for labour

but by less than proportionate the increase in the price
of capital. Since the change in the price of materials
affects capital as substitute as well as labour, it means
that increase in the price of materials can induce
increase in the demand for capital which will result in
rising user’s’ cost of capital and increase in the
substitution of labour for both materials and capital.
The Coefficients of elasticity of substitution
computed show that only energy and lewly skilled
labour are somewhat strong substitutes. There is no
other factor that relates with labour of any category as

strong substitutes. The other inputs “and labour

relationships denote weak substitution possibilities.
The elasticity of substitution coefficient of say energy
and lowly skilled labour (which is the same as the one

{
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between lowly-skilled labour and energy, since o,, =
0ue) 0w = 1.04 means that if the relative prices of energy
and lowly skilled labour (.70, increasq_by say- 10C
percent (that is doubles), the relative . technology
coefficients for the two inputs, expressed as the their
physical ratio (U/E), will increase by 104 per cent.

' The statistical performance of the model is good,
given that majority of the computed coefficients are
statistically significant, many at 1 per cent level. For
instance, of the 25 regression coefficients computed in
the cost shar: equations, 18 are statistically significant,
14 at 1 percent level. . Out of 25 pr.re elashcxty
coefficients computed, 21 are mgmhcanr "For the
elasticity of substitution, all except two are statistically
significant. The general performance of the model as
indicated by the F statistic (F = 2694.32) also'shows that
the model estimates are good and most probable
approximate the true coefficients of the estimated
equations.

5. Conchiﬂing Remarks: Inip!ication:;- for Labour
Emplcyment

THE results of the analysis show that the

manufacturing sector is not flexible in factor

employment generally. Prices of factors of production

are not very important determinants of factor

employment in the manufacturing sector.” There are,

- however, weak possibilities for factor substitutions in

the production process. Skilled and lowly skilled
labour are weak substitutes for other factors. Even,
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between the two categories of labour some weak scale

of substitution is a possibility. The implications of this

are:

(1)  Income policy via increase in wage rate will lead
to some increase in unemployment because
some other factors will be substitutéd for labour

but the rate of growth in unemployment will be °

less than proportionate the increase in wage rate.
On the other hand, if the intention is to increase
labour employment, reduction in wage rate is

_not going to be an effective or a desirable policy
(given. the prevalence of poverty) because the

emplovment induced by every wage reduction
will be less than proportionate.

(2)  Given ‘that labour demand (as well as the
demand for other inputs) is generally inelastic
with respect to own-prices, increase in factor

prices will have inflationary effect on the output

| price. This inflationary effect is reinforced by the

-+ weak substitution possibilities in the sector due -
to the. rigidities in ‘the technology that do not -

permit easy technological transformation
through input substitution. '
(3) _Since =1l factors are subshtutable for labour,
though weakly, any increase in wage rates will
reduce the employment of labour first by the
normal law of demand and seccnd by the

continued substitutions of other factors for -

labour. Increase in the price of other factors will
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ultimately lead to increase in labour

employment in the sector.

(4) Increase in the price of energy inputs will make
more of lowly skilled workers to be employed
than the skilled counterpart. This may make the
research and innovation capacity of the sector to
fall as the -lower-skilled workets lack such
capacity. Normally, the technolmglcal ideas
reside with the higher skilled workers with
higher human capital. Therefore, increase in the_

. prices of petroleum fuels and. elecl'maty price

‘along with the dechmng eff1c1ency of publicly

supplied electricity, which can also be evaluated

as increase in energy cost, will ultimately
increase the composition of lowly skilled

.workers in the production process This will

have a serious drawback on {¢chnological

development in the manufacturing sector, which
is usually the area of explmt by the Ligher skllled
workers.

Generally, inputs prices Ihave relatively low
effects on employment. It suggests that factors outside
market prices of inputs are more important in the
determination of labour employment as.well as in
hiring othér inputs. " Technological rigidities,
demonstrated by the low values of «lasticity of
substitution Coefficients, constitute a serious constraint
to employment of labour. The hope lies in research
into and development of a more flexible production.
process in the sector. But this hope is only realizable if
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the labour intake in the sector is fine-tuned towards
an increased share of employment for highly skilled
labour in the sector which itself is a human resource
development’and employment policy probizm.
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