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ABSTRACT
This study investigates input substitution possibilities in a

developing Nigerian manufacturing sector. It gives empirical

evidence that the sector faces technological rigidities that
constrain input substitutions, given' the generally low input
price éelasticity coefficients and low Allen _elasticity of
substitution coefficients — which are largely less than unily.
Even though the demands for inputs are generally inelastic in
own price, the demand for energy inputs is relatively more
elastic with respect to their own prices than any olher input.
. Substitulion opportunities among factor inputs are limited,
which is depicted by low values of cross-elasticity coefficient
estimates in this sfudy. Few complementary relationships exist
among different inputs across the sector, such relationships
are generally not statistically- significant, but their values
confirm the existence of technological rigidities in input
substitution. The disaggregated analysis brings out the
possibilities of factor substitution, especially between capital
and material in four out of the seven sub-sectors.
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1. INTRODUCTION
Manufacturing sector is very crucial in economic development
of any economy, especially for a developing economy. The
importance of the manufacturing sector is due particularly to
its intervening and linkage position in relation to other sectors
in any economy. Development of the sector depends on a
_number of-factors including availability of inputs, government
“incentive pohmes and  socio-economic environment.
- Government incentives are codified in different policies
“including industrial, fiscal and monetary, infrastructural, trade
‘and international relations. These incentives may be
.appreciated by the economic, producers as positive or
negatlve, leading to;expansion or decline in therr economic
‘actlvmes in’ response. . Similarly,- congenial socio-economic
“environment — which cornes as a result of levels of institutional
factors like governance, inter-human relations, trust, cultural
“tolerance, etc, in an economy — grows well the component
-sectors of the economy. But these factors are generally
external to the manufacturing sector's operations. The input
usage by the sector is governed by both internal and external
factors: while factors influencing the supply of inputs are
. mostly external to the sector, those regarding input demand
are internal. The assemblage of inputs in a production plant is
influenced by both the market prices of the inputs and
technologica! requirement for the combination of thase inputs.
Input demand is theregfore an internal decision that the
manufacturing sector takes continually at the firm level. 1t is
‘necessary to investigate the demand for private inputs in the
manufacturing process so as to offer some predictions - on the
pattern of demand for such inputs. The paper inteénds to use
translog methodology to investigate some technological and
economic effects within the manufacturing input demand
functions. This entails computing the elasticities of price and of
substitution and interpreting their values. Demand for different
inputs within a production process is dependent on inter-factor
substitution possibilities that a firm faces, besides the relative
response of the firm to the changes in factor prices.
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Many studies have been done on the factor demand
among manufacturing firms in developed countries. However,
fewer are studies on the subject with reference to the
developing countries, with the major reason for the dearth of
papers on developing economies often being the lack of data.
This offers an opportunity for understanding some technicali
characteristics of a sector of the Nigerian economy. The study
uses firm-level cross-sectional data of the Nigerian
manufacturing sector.

The paper is divided into five sections in ali. Section 2°

deals with the theoretical framgwork and modelling, while
section 3 is devoted to variable measurement and data
sources and transformation. Due particularly to -the
problematic data situation common to developing economies,
the section is meant for modest explanation on efforts to
combat the data problems. Section 4, comprising two sub-
sections, presents the results of estimation for both the sector
as an aggregate whole, and at industry-ievel. The paper is
concluded in section 5.

2 Theoretical Framework and Modelling of Input
Demand

THE basic assumption is that mput prices are not determined
by forces under the control of any manufacturing firm and,
indeed, these prices are not subject to any direct control by
the manufacturing sector. The sector is taken to be too small
to exert any reasonable influence on the prices of its inputs.
This assumption is defensible, considering the small size of
the manufacturing sub-sector in the economy: it currently
accounts for about 8 per cent of the GDP. By the size of the
manufacturing sector and the fact that the producers in the
sector hire inputs from the same large input market from which
all other sectors hire, it is reasonable to think of its having very
littte or no market power on the input side. Besides, the
different inputs have markets that are different in their
operations in terms of the timing-of transactions, negotiation of
pricas, md changes of the quantities traded. There is,

Slatiam labasa antipntiag 0 the inout
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markets, making the prices of inputs to be unrelated, at last
contemporaneously. This unrelatedness of input prices in the
sector, therefore, offers some justification for choosing the
“seemingly unrelated regression equations” (SURE) technique
for the estimation of parameters in the model. Given that the

-value of the covariance matrix is unknown at the beginning of

the parametric estimation, the maximum likelihood ‘estimator
(MLE) is derived using some iterative numerical procedure.
The iteration procedure used here is referred to as Zellner's
iterative efficient method (IZEF).

The choice of transiog in the analysis of factor input

' démand is based on three reasons, as outlined by Moroney

and Toevs (1979). First, it is a general log-quadratic local -
approximation of any drbitrary cost function. Second, it
enables the direct estimation of elasticities of substitution and
permits tests of their statistical significance. Third, it entails no
a priori restrictions on parameters’ values or constancy.

~These reasons appropriately explain why this study adopts

translog modelling of energy input demands. The analysis of
factor input demand requires information on factor prices and
the technological characteristics of substitutability between the
factors and output of the firm.- These can be derived from
translog production or cost analysis. For every variant of the
model to be used, there is an assumption of the existence of
an admissible (well-behaved) production function, Q, from
which the admissible dual cost function, C, used for the
analysis is derived. The use of translog cost mode! in this
study derives from the dual relationship existing between
production and cost functions. From duality we know that a
well-behaved cost function can be used to represent the
technological characteristics of the production function
(Diewert, 1971). Thus, with the data on expenditure on factor
inputs we can estimate the parameters of an optimal cost
function, and, based on duality theory, information about the
associated parameters of the production function.

Given the existence of duality, a total cosi function can
then be used to derive the technological characteristics of
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the dual production function. The fotal cost function for the
sector to be estimated is represented below. -

C=C(P,0)=

nC= au+Za.1nL+ a.,an A Z}’ (lﬂP) */u(}”Q)

1=
=1 g=}

. where, C = total expendtture on all factor mputs
P; = th factor input price C{ij=K L, E, M)

With symmetry conditions, y; = v the total number of
parameters in equation (1) is 21. There will be 28 parameters if
technical progress variable is introduced.

If we differentiate equation (1) with respect to factor
prices and get equation (2), it will yield the respective factor

- shares in the total costs. ;

gInC dC Pi

dln Pi dP: C

Applying Shephard’s lemma to the differentials in equation (2),
we get JC/IP; = X; X;is the actual physical input i required to
cause an infinitesimally small change in total cost outlay given a
very littie change in./s price, P,. Alternatively; X; is the input /
needed to produce some marginai physical output g that will
oifset the alteration in costs brought about by a change in the
price of input /.

Thus, in )
AinC JC P;_EXE“ PXi
JinPi . C  C Y PX

S, = cost share of input /.
‘the third ratio in the |dent|ty above defines the ratio of the costs
- somish e tha chara of the th input in

ZZ}*’;IH[ lnP,+Zy,lnP.1nQ .............................. ()
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the total costs. The function, S, specifies the variables whose
change will influence the quantity of input / required by the
producer in combination with other factors for production at
anytime. S;is thus the demand function for input 1.

By differentiating equation (1) partially with respect to P;

and using the Shephard’s lemma, the foHownng cost share

functions can be derived. , _ 4

Si=ait ), WPt 1glnQ el e e e e _—

i=1

'Gwen four- mputs (KL.EM), the model S contains four
equanons each having six parameters (1+4+1 for o ¥j and Y

" respectively), that is 24 parameters in all. When the symmetry -
assumption is imposed on factor price parameters, that is Y5 = Yji
the number of parameters will drop to 18. The introduction of
homogeneity of degree one in prices of factors on the cost
function reduces the number of parameters to 12. The number
can be further reduced to 9 if we assume constani returns to
scale (Berndt 1991). In addition to these restrictions, since S;is
the cost share of the th input, it follows that £S; = 1. Therefore,
once the parameters of (n-1) equations have been estimated,
the parameters for the rth equation can be derived from the rest
of the system, since the nth equation is linearly dependent on
the parametric estimates of the other equations.

3. Variable Measurement and Sources of Data

“The data used in this study are primarily those from the

National Bureau of Statistics (NBS), especially the data for the
model estimation. Cost shares of labour, energy and
materials were derived directly from the cost data provided in
the questionnaires. However, most of the firms surveyed did
not supply any information on the cost of capital. There was
scanty information on the depreciation of capital stock and
amount of interests paid by firms on borrowed funds. But even
if few firms gave data on interests payable, borrowed funds
only account for an insignificant share of capital formation in
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the sector. This problematic situation was contained with the
assumption of Euler's law of product exhaustion. Under the
operation of this axiom, what is produced is completely
attributed to the factors employed in production, a typical case
of normal profit. Thus, the costs of production are exacily
accounted for by sales proceeds (as assumed by Reister and

Edmond, 1981). With this assumption, therefore, it is easy to .

derive the cost of capital as the residual of total costs,' after

accounting for the costs of labour, materials and energy.

Calculation for capital costs as residual costs in value added
has been adopted by Moghimzadeh and Kymn (1986) and

Woodland (1993). Accordingly, total costs data are equal to .

sales data by.the same’ assumption. This means that the

production is subject to normal profits. The sales data were
supplied by the firms in the survey, in fact, sales data was the’

one of most available data supplied in the information source
used.

The prices of inputs required are derived from the
questionnaires for labour and energy. Since there were data
on total expenditure on these factors and the quantity of input
used, the prices of the labour and energy are calculated by
simply deflating the total expenditure on each factor (v;) by
the respective quantity employed (qg) in production. Wage
rates are denominated in naira per hour, just as the labour
employed is calculated in hours of labour put into production.
This involved adjustrent of the labour employment figure to
hours of labour time per year.? The wage rate is calculated as

' It can. however, be argued that capital costs under this assumption are grossly inflated
as they are made to include profit eamned by enterprises. This argument can be faulted or
at least disparaged with two poinis. First. entrepreneurs are capitalists (ownars of capitali,
therefore, they should earn the retums on capital and, therefore, the costs of capital are
necessarily those returns. Second, all entrepreneurial efforts can be treated as labour and,
therefore, alf retumns not earned by fabour, materials or energy must be regarded the value
QF capital costs (reterns on capital).

Since each information given on the questionnaire is for a vear. the magnitude of

piysical labour was changed to hours by multiplying or dividing through with average
hours supplied per worker per wesk. A worker 1n the sector was assumed to suppl\ an
average of 2080 hours per vear. which amounts 0 a daily labour time of § hous,
AMoroney and Toevs (1979) assumed some few minutes less daily and put the anpus
averazz at 2000 hours a vear makics alivaance forloszes i wark-tima by warkers
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the total wage divided by total labour hours employed in a
firm.

The average prices of energy are calculated in naira for
tons of oil equivalent. This average price method has been
widely used in the literature, including the studies by Pindyck
(1979), Moroney and Toevs (1979), Halvorsen (1977),

- Woodland (1993) and Mlambo (1993),.among others.

The prices of capital and mateérials could not be derived
from the information provided by the firms directly. These
prices are extraneously derived, just as they have been so
computed in previous studies like Mlambo (1993) and

- Woodland (1993). The formula used for calculating the user’s

cost of capital (Uy), which is used as the proxy for the price of -
Japital, is given as:

Uk = P;(r + o),
where: P; =.investment price index; r =
interest rate; o = depreciation rate.

Other studies used real interest rate, adjusting the
nominal interest rate for the rate of inflation. In some of the
post-SAP years in Nigeria, real interest rate is less than zero
making the real price of capital negative. To avoid having an
input evaluated as economic ‘bad’, the price of capital is
computed with nominal lending (interest) rate. Alameda and
Mann (1889) have used the nominal prime lending rate in a
similar evaluation. The price-index of capital (investment)
goods was not available so aggregate producer price index of
the manufacturing sector for the years index under study were
used. Concerning depreciation rates, since many firms did not
report on depreciation, the average values of depreciation
reported by firms in each of the sub-sectors were adopted for
the rest in the group. Such average rates were general within
the range of depreciation used in other studies, which is about
17 per cent of capital stock (Miambo, 1993). Thus, as a way of
getting variegated values across the sector, manufacturing
activities were broken down into ten industries with two digit of
ISIC (International Standard Industrial Classification) grouping
of manufacturing activities.
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The prices of materials are compiled as a weighted
composite price of local materials and import price index and
manufacturers’ prices. As observed Akpan (2001) the
utilisation of local materials has increased from 46 per cent in
1987 to about 58 per cent in 1996. However, surveys by the
Central Bank of Nigeria and the NBS aliude to the fact that
small. scale manufacturing activities are more flexible .in the

use of domeslic raw material than the large-scaie firms. To - -

this end, this study assumes that firms employing less than
twenty workers and whose sales were less than N20 million
are small-scale material-intensive firms, which use 60 per cent
domestic raw material with the supplement of the remaining

40 per.cent from imports. The large-scale firms are assumed
to use the reverse ratios — 40 per cent domestic raw materials. -

and 60 per cent imported raw and intermediate materials. For
their prices of materials, therefore, the local price index from
the domestic producer's price index are combined with the
import price index at the ratio of 3:2 for small-scale and the
reverse ratio for large-scale firms. However, in the actual
estimation, coefficients estimates for material demand
equation were derived from system given cost-share linearity
assumptions in translog modelling.

The quantity index for firms was derived by a simple
" deflation of sales with composite consumer price indices for
different manufactures. The food price index is used to deflate
sales from food industry; price index for clothing and footwear
is used on sales from those industries; and so on. Woodland
(1993) adopted a method close to this, but his computation
used -aggregate (all items) composite consumer price index
uniformly to deflate sales. The valuation here is weak in that
apart from weighting factor imputed into the compilation of the
price index no weighting factor is introduced. But since the
price index used come from somewhat the same sector, the
weight for price index compilation is adequate for
transformation of output value into quantity.

With respect to energy, biank records were more
common than any other input. Primarily, this is because
enzarqy has been regarded as materials in 2 accounting

~some missing data.
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process in the manufacturing sector. Besides, the request for
elréesrgy data is still a very recent demand on the sector by the
NBS.

Finally, some precautions have been taken in deriving -
data for this study. Although the number of firms surveyed by
the NBS was 1005, afier data entries, checking based on
-availability- of minimum data on sales, labour, material cost or
-energy costs, the data points were reduced to'451 firms due to
various - reasons of inconsisient data and -incomplete
.information cells. There are few cases among the final list
-where the averages for an industry were used as proxies for

"4, General Input Demand Functions -

THIS section comprises two sub-sections, namely, 3.1 on
Aggregate Input Demand Estimates and 3.2 on Industry-
leve!l General Input Demand. The easence is to observe:
whether the input demand pattern varies across industries
that comprise the manufacturing sector.

4.1 Aggregate Input Demand Estimation (KLEM Model)

The demand functions for the four aggregate factors of
production, namely, capital, labour, energy and materials have
each been estimated. There are twenty-four parameters in the
fou.r cost share equations, of which only twelve were
est!mated, while the rest were recovered, from those
est!mated. With the deletion of one of the equations, by
making its input price a numeraire to others, thus reducing its
value to one, the number of estimable parameters is reduced
from 24 to 15. The imposition of the- symmetry condition
makes three more parameters drop out, thus only 12
parameters were estimated. The numeraire equation can be
anyone of the equations, so we decided to make the price of
materials the numeraire becauss this price was derived as-a
proxy combining import and the producer's prices with soms
weights as explained previously in the section dealing data.
There is evidence, howaver, that the parameters to be
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estimated are not completely insensitive to the particular
equation dropped®.

4.1.1 Factor Demand Elasticity of Output

THE response of the demand for inputs to change in the level
of output is the factor demand elasticity of output. By
substitution of the average values of S, Q, P; and thg
estimated coefficients into the formula:

dlog Xi dlog Xi dlogC
dloch dloo(ﬂ e
dlog8: dlogQ dlog C
;'[alomQ dlogC ]alogg '
(5'!ogS; (9100(.
c?io"Q BIOUQ

Niq =

l;l"'aq_* Y log Q + ZJ”GIOQP‘
i 1

the n;, for the respective factors are derived. The ngq (i= K, L,
E, M) are as follows:
Mg = 0.1635; Mg =

0.2204.

The implication of n is the reaction of the producer to
the demand for input i as output level changes, holding the
prices of inputs unchanged. That is, ng is the magnitude of
shift in input demand function due change in the level of
output in the input-using factory. In the manufacturing sector,
increase in output will cause higher demand for capital and
materials but by less than the proportionate the increase in
output. This means that some other inputs would have been
substituted for those directly considered to allow for the higher

= g =

-0.2748; Meq = -0.0808; Mg =

* This evidence was obtained by dropping another equation and carrying out the
estimation: the regression estimates were marginally different {from the third place of
decimal. but in very few cases from the second place of the decimal of parameter
estimates). Thare were series trial estimations 1o ascertain the level of rzlatedness of these
prices. By far. the largest difference in sizes of estimates (but still within the above
limuts) accurszd when the capital price equation a3 dropped: again. this is an influence
(bias) that tnust he wlerated due to the process of derivation of the cost share of capital
"‘.v(“u[
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output.  The responses of labour and energy demands
indicate negative relationship between output level and their
respective demands. |If this is possible, it may be due to the
fact that increase in the manufacturing output will lead to the
conservation of energy and higher efficiency in the use of

_ labour, resulting in a fall in the demand. Such reduction in

demands’ for energy and labour as output increases js also
feasible if there is a possibility of higher substitution of other
inputs for them. However, the coefficient of n;, for energy and

. labour, though negative, are less than unity, showing that
“ there is less than proportionate inverse relationship.  This
~ means that although an increase in scale of output will cause
« areduction in these inputs, such conservation of inputs. will be
less than proportionate to the .increase in output. Since
A manufacturlng is an increasing returns (decreasing costs)
- sector®, it is possible that input conservation and increasing
effrcnency can result in reduction in demand for some of the
“inputs as output (scale) increases.

4.1.2 Sectoral-Level Demand and Factor Substitution
Parameters

THE values of the regression coefficients are generally small,

“with serious lessening effect on the values of elasticity

coefficients. Thus, the cross-effects of factor price changes on
inputs substitution are generally low. The results depict that
the Nigerian manufacturing ssctor has inclastic demand for
factors. This means that increase in the prices of factors will
easily be transmitted into the production system in the form
high of costs. Such transmission is, however, less than
proportionate since there is weak possibility for substitution,
which will restrict some of the cost increases.

4 . = y cr . v

The economies of sca'zandex (ISE) has been calculated from the transiog cost funcuor
(equation (1)) resulis: 'rC = 5.93 + 0.093InK + 0.879Inl. + 0077k — 00490\ =
0596InQ + 051003 20 k) — 0.0698UnLY + 0.0065(10E) - 0.07idnMy
0025(InQr} — 6.0527iKIaL — 0.0089InKinE + 0002al InE + 0.089i KinM
0.019LInM + 0.0COUAEINM + 0.029nKInQ 0064HALING — 6.006InEING
004UIaMInQ. using 2 formula, /SE = | — ogC/dlogQ. If ISE >.< or = O, there
inuncu\u'!;, decreasing. o constant returns o scule. respecuvely. From the comput

TENINGERCE O 1T D LT Lo aJ AT 1S aEL
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Accordingly, after the econometric estimation of the
coefficients for the three cost share equations, the parameters
for the numeraire input cost share equation were calculated
and all the results are presented in Table 1. Of the 18
regression coefficients, 15 are statistically significant at
between 1.and 10 per cent levels; 9 coefficients out of these
are ‘significant at 1" per cent level. Out of the remaining 6
coefficients, 5 are significant at 5 per cent level, while only one
parameter is significant at 10 per cent level.

Indeed, since there is no 'Giffen effect’ through the
contrary warking of the income effects (which in production
" input demand’ -are non-existent}, t_h_'en, all the own-price
coefficients should be positive, by theoretical expectation.

it is pertinent to observe that the values of the own and

cross price coefficients in the input demand equations are

generally low, but not surprising. This is because of the

prevalence of structural rigidities that hinder factor substitution
within a fine of production and input switchings from one line
of production to another. Neverthaless, the signs of these
regression coefficients allude to the feasibility of long-run
substitutability among inputs in the manuiacturing sector.
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Table 1: input (KLEM) Demand Estimates

Coefficient symbol |Regression - t-value

: ' coefficient
s -0.1323 1774
o 0.8687 21.612°
& - 00789 . . .6627°%
L -0.0799 -2.099°
Vik 0.0283 1.179
Yur -0.0333 -3.332°
Yie . -0.0068 _ -2.047".
Py . ow 0.0756 - 10.448°% ¢
Ve - - 0.0028 . 1.521°
Yeo ' 0.0067 - 6.9812
Yim 0.0118 1.128
Yim - -0.0452 -2.365°
Yem -0.0027 -1.164
B 0.0360 3.961%
i 0.0343 55792
Vi -0.0672 -20.098 2
Yeq . -0.0068 ~ -6.133°
Yoia 0.0397 6.638%

F-statistic 977.67

LRT' statistic, v = 3 14.261

Motes: CosHicient{s) whoss t-siatistics is{arn) markes! with;
significant at one per cent level,
significant at 5 per cent lavel; and
significant at 10 per cent leval.

LRT = likelihood ratio test; the
theoretical y°, .3 =11.34 and 7.82 at 1
per cent and 5 per cent laveis,
respectively.

These definitions cover other Tables in the paper
vinere they are usad.

- O T W

Source: Author's Computation Results
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The degree of such substitution is measured by the
elasticity of substitution, while the factor response tc process
of factors is captured by the partial price elasticity coefficients,
which are presented in Table 2. From the coefficients of
elasticities, the manufacturing has inelastic but substitutable
technology for all inputs. Nevertheless, they are poor
substitutes' since the low: cross-elasticity coefficients confer
some idea of technological rigidities that impede any wide
scope of substitution.

The own-price elasticity coefficients for all the factors
are less than unity but conformably negative. Although these
are fong-run data (crass sectional), the structural rigidities still

exist and make it difficult for factor prices to form crucial

decision variables in hiring factors. The values cross-price
elasticity coefficients (n; n;) are, as expected, lower in
magnitude than the values of the own-price elasticity
coefficients, m; but they are not statistically significant.
Nevertheless, the cross price elasticity coefficients show that,
in the long-run, all factor inputs are substitutes.

The y; measures the direct impact of the change in
prices of input / on the respective shares in the total costs. In
the capital input demand equation, the own price coefficient iy
is correctly signed as positive. The v = 0.0283 in the capital
demand equation. The implication of this is that if the prices of
capital inputs are increased, by say 100 percent, then tne
direct impact on capital cost share will be a marginal increase
of 2.83 per cent, if the desired level of output must be
produced. Conversely, if the general price of capital falls by
10 per cent, the cost share of capital input will only fall by
0.283 (less than one) per cent. It will, however, be misleading
to think that capital demand in the sector is inelastic with
respect to its own price, just by observing the value of v,
which is only a component of the own-price elasticity
coefficient.
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Table 2: Input  Price and Substitution Elasticity

Coefficients :
Factor |Factor price |Standard |t-value of|Elasticity ofi Coefficient |Standard [t-value of
price elasticity error of n, ny; |substitution of elasticity |error of o,
elasticity |Coefficient,  [ny of G

i Ny substitution
: = » i ==

T -0.600 0.0510 -11.766° Tk -1.276 0‘1085;1‘1; 65

T 0.004 0.0212  0.180 G 0.021  0.1155  0.180

Tke 0.00004 0.0071  0.006] o 0.001 0.1785  0.006

Ty -0.405  0.0393 -10.291° Oy 2201 0.2138 -10.291°

Ne 0.002 0.0101 0185 g, 0.047 0.2537  0.185

Tee 0.791 0.0243 ~32.578T Gee -19.895 0.6107 -32.578°
MNim ©0.031 00223 1387 o 0.101 0.0730  1.387°
- N 0.006 0.1038 0.054| g 0.018 0.3393 ~ 0.054

Vi 0.022 0.058% 0377 . oum 0.073 '0.1926° 0.377

Fiim -0.576  0.0298 -19.368"  G.m -1885 0.0973 -19.368°

N 0.010 0.0543  0.180

Nek 0.00047 = 0.0840  0.008

el 0.009 0.0467 0.185

Nimi 0.048 0.0343  1.387°

Ny 0.0034 0.0624  0.054

i 0.0029 0.0077 0377

Note: i The tvalues for 1; and

o; are equal even though their _
standard errors are different.

This can be verified from the
formula.
Source: Author's Computation Results

The size of vy, has direct effect on the own elasticity
coefficients. The parameter, v; is also an elasticity coefficient
measuring the responsiveness of cost share of the inputs to..
the change in their respective prices.

The cross-price regression coefficients y; measure the
direct impact of the change in the price of factor j on the
demand and cost share of factor 1, given that other prices do
not change. The impacts of labour prices and energy prices on
capital demand and cost share are measured by v, = -0.0333
and 7., = -0.0088, respectively. They are both neggative,
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implying that increases in the wage rates and energy prices
will cause some fall in the demand for capital, resulting in a fall
in the cost share of capital (but less proportionatety). This
does not wholly explain the response as does the cross-price
elasticity, or the elasticity of substitution coefficients, of which
yj is only a part. The cross price effect of materials on the
demand for capital reveals that increase in the prices of
material will cause increase in the demand for capital and in
the capital cost share. This shows a possibility of substitution
between intermediate materials and capital, which can be well
ascertained using their cross-elasticity of input demand or,
"better still, their elasticity of substitution. :

The labour demand and cost share equation has an

own p_rice coefficient, y;, of 0.0756. This meahs that if 'the‘

wage rate increases by 10 percent, the cost share of labour
will be affected upward but by less than 1 per cent. The cross
factor price coefficients in the labour equation are negative
except for the cross-effect of the prices of energy, meaning
that the immediate impact of reduction in the prices of capital
and materials wilt be increase in the demand for labour. That
is because more labour has to be employed to operate the
factors whose demands are rising due to decreases in their
own prices. Ultimately, the cost share of labour will increase.
In the case of materials, its cross-price effect on expenditure
on labour is an inverse relationship. An increase in materials’
prices will reduce the demand for intermediale raw malerials
and this can cause the manufacturers to reduce the number of
~ shifts, lay off workers and retrench some. The effect of such
curtailment of workforce will be a reduction on expenditure on
labour and labour share in total costs.
in energy cost share equation, own-price coefficient is
pasitive but less than those of the other three inputs. The
cross-price effect of materials is negative, indicating that if the
price of materials falls (causing the industrial demand for the
aterials to rise), then, more energy will be required to
process the raw materials into finished goods. This will
invariably lead to an increase in the demand for, and

!
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expenditure on, energy and the energy cost share will
increase. For the effects of other cross prices, since y; = v;
the argument above for y, and v, can be adapted directly for
energy, with the regressant changed to energy and capital
prices and wage rate becoming explanatory variables. This
holds analogously for the cross-price effect on the demand for

_intermediate materials. The material own price effect on its

cost share is positive, conforming to the a priori expectation.
The Allen pariial coefficients of substitution for the
general input demand model are also presented in Table 2.

~ The value of elasticity substitution can take any form negative

infinity. (showing the perfect complementary relationship
between the factors), to positive infinity (indicating. perfect
substitutability betweeh the factors). The relationship
portrayed is weaker, as the value of elasticity of substitution
approaches zero in absolute term. The own coefficient of
elasticity of substitution shows the degree of substitution of the
input, i, as it own price changes. The sign of own elasticity of
substitution, o}, is a priori negative, meaning that as the price
of any input changes there will be substitution of that input for
others in a direction opposite to the change in its price. The
magnitude of the own elasticity of substitution shows the
relative ease with which such substitution can take place in
the process of production.

The own coefficient, ¢, describes the level of
substitution of factor / for other inputs as 7s own price
changes, with the prices of other inputs unchanged. The own
elasticity of substitution coefficients for the four inputs range
between oy = -1.28 to the highly elastic .. = -19.89. The
implication is that the manufacturing sector cannot easily
adjust to changes in the capital market situation, compared to
the relative ease of technological adjustment to changes in
material, labour and energy markets when their respective
prices change. Undoubtedly, this own-elasticity of substitution
coefficient reveals the structural problern brought on the sector
by the associated output mix of Nigeria's manufacturing
sector, which is dominantly consumer goods. Thus, ihe
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manufacturing sector is under the captivity of its capital inputs
whose demand in the sector is mosily need-driven rather than
price-centered. Although the demand for intermediate
materials is a little more adjustable to changes in own-prices,
similar - conclusion can be adduced for the substitution of
maternals in manuiacturing process.

The cross-elasticity of: substitutlon coefficients give an
impression that a weak possubmty of substitutability exists
generally among inputs. it is only the cross elasticity of
substitution coefficient of material and capital that is up to
0.10%. The rest lie s between Cem = 0.073 and oy, = 0.001. The
cross’ elasticity of substitution coeffmtents are not statistically
" different from zero, that is, they are not statlsticaily significant.
But they show a tendency towards a long-run technological
substitution. For material-capital substitution, it is curious and
the explanation may lies in the fact that these two factors are,
virtually exogenous, so that the manufacturers have little
technological influence over their utilisation in the production
process. If the price of one of the two continues to increase
such that long run profit is threatened, the firms will devise a
long-term plan that will lead to factor substitution and
improved performance. For instance, if the prices of
intermediate materials persistently increase, the firms might
decide to install new plants that can process cheaper raw
materials. This means that in the long-run, new capital
equipment can be instaiied so that lower priced material may
be utilised, thus substituting the vintage capital stock for hlgh-
cost materials and increasing long-run profit.

4.2 Industry-level Geheral Input Demand

THE manufacturing sector is disaggregated into seven

industries based availability of data. The industries are: Food
product Industry — 82 firms; Texiile appare!, leather and
leather products — 111 firms; Wood and wood products — 85
firms; Pulp, paper and paper products — 28 firms; Chemicals,
pharmaceuticals and rubber products — 56 firms; Non-metaltlic
products — 37 firms; and fron, steel, machinery and
Automobile - 52 firms. The firms are also classified along the
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scale of operation so as to unravel the efiect of scale of
operation on input demand.

The analysis of aggregate input demand is then carried
out on each of the sub-sectors. The essence is to compare the
size and signs of coefficients of the estimated coefficients
across the sector. In this way the peculiar effects of sub-

sectoral charactenstlcs on their input demand can be verified.

The breaking down of the data reveals a few general
facts about the input demand behaviour in the manufacturing
sector. The shares of aggregate inputs (capital, labour,
energy, and raw and intermediate materials) vary across the

~sub-sectors in magnitude terms but the relative share of
remam comparably the same with capital share being the -

largest®followed by materials, labour and energy, in that order.”
The ‘share of capital accounts for 57.8 per cent of total cost
outlay in food product industry, 48.1 per cent chemical and
pharmaceuticals, 48 per cent in non-metallic industry, with the
least share of 42.5 per cent record in wood and wood product
industry. The cost share of materials in iron, steel, machinery
and automobile industries is the highest with 38.5 per cent,
while food products industry with. 20.3 per cent is the least
cost shares of materials. Labour cost share is higher in wood
and paper products industries that have 27 and 24 per cent, .
respectively.

Energy cost share is greater in paper products and
wood products industries that spent 5.5 and 4.1 per cent their
total costs on energy input, respectively. Textile and leather
product group expending 2.9 per cent of their total cost has
the lowest cost share for energy.

In comparative terms, the regressnon coefficients for
aggregate input demand are generally low in sizes. Both the
distributional share coefficients «’s and the elasticity-

R appears that contradictory that the refative cost share of capital in our data ser is
higher than that of raw and intermediute materials, wiizh would usually be higher in the
manufacturing cost structure. But this relatively large ost share of mpiul is aurthuted w
the assumptions that norma! profic is earnad by the oo and tha PL er s faw m' produst
e\nwmon holds. Simb the costs of capital werz nog iuen direciv it was ea vilevive

thers a3 the residunt of the valug-addod oty ceens value, szt those i,
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associated regression coelfficients, y; have low values. This,
as observed earlier, portrays the inflexibility of manufacturing
technology in Nigeria, which is the cause of low level of factor
substitution in the sector. Across the industries, the values of
regression coefficients lie between (-1.8) and 1.8 (thatis, ~1.8
< o y; < 1.8). If the values «i are not considered the value of
y; fall under zero in absolute terms (that is, —1 <y; < 1). About
60 per cent of coefficient estimates (specifically 59.88%) are
siatistically significant as indicated in the respective tables
below.

The values of price elasticity coefficient across the sub-
- sectors are generally lower than unity. The ewn- pnce elasticity

‘coefficients are negative in consgnant with economic a priori
‘expectation, but are generally less than unity (in° absolute
term). Again, their sizes are not out of place given the
technological rigidities associated with underdevelopment and
inadequate supply of infrastructures to the manufacturing
sector, which impair technological fungibility among factors of
production. Notwithstanding their values, the t-values of price
elasticity coefficients show that 63.2 per cent or 91 out of 144
coefficients estimates are statistically significant, most of them
at one per cent level.

Similar position of weak substitution is reported with low
values of elasticity of substitution coefficients across the
industries in the  sector. As with the sectoral results earlier
reported, the four inputs are weakly substitutable for one
another. There are three cases where labour is reported as a
weak complement to other inputs and a case of capital-energy
complementarity; but all these complementary relationships
are not statistically significant, even at 10 per cent tevel. On
the whole, 62.2 per cent of elasticity of substitution coefficients
are significant.

Food Products Industry

THE result of input demand equations for the four aggregate
tactors of production used in food products industry are
presented in Table 3. The estimates of autonomous factor
share coefficients (or the distributional shares of factors), «,
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are relatively larger than the elasticity component coefficients,
Yy, In the all four share equations estimated. Given the
logarithmic functional form of the translog model, the
regression coefficient estimates are elasticity coefficients.
Their sizes and signs are important in the interpretation of the
responsiveness of both the cost share and the input demand
to changes in prices of factors or output level. -

In the food industry, the value of y; in the input demand
equations lies between (—0.119) for vk, and 0.174 for v while
Yiq have the value lying between v, = (- 0.061) and y,,, = 0.04.
Since v measura price elasticity of cost shares of the
respectlve inputs®, the low magnitude of y; means that change.
in prices of factors of production hardly has any significant °
effect on the alteration of cost shares of inputs. That is, a
change in the price of an input will bring about less than
proportionate change in the cost share of that input. This-is
due to technological rigidities that act as barriers to input
substitution in the manufacturing sector generally. Factor
intensify ratios do not change rapidly enough to cause any
significant alternation in demand for inputs (and their cost
shares) as the price of any input changes.

Analysis of price elasticity and elasticity of substitution
confirms the inelastic response of technology in the food
industry to factor price changes. For own price elasticity
coefficients, demand for capital, labour and materials are
inelastic to own price changes. However, it is only in this

- industry that demand for aggregate energy input is slight

elastic, as its own price elasticity coefficient is (-1.048) and is ~
statistically significant at one level. Capital input on the other’
hand has the lowest own price elasticity coefficient but it is

statistically insignificant.

With respect to cross price responses to-input demand in
the food industry, all the pairs of inputs are revealed to
have tow substitutable relationship, except capital and
labour, which have a weak but an insignificant

0 i o : e = =
" This inferpretation was adunibrazed in Halvorsen (1977, pp 3835-6)
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complementary relationship. Most of . the elasticity
coefficients are significant but the capital-energy elasticity
coefficients are not statistically significant.

Textile, Wearing Apparels, Woven and Leather Products
Industry ‘

THIS group of manufacturing firms has regression coefficients
that are so much comparable to those in food industry. For
instance, from the results presented in Table 4, labour
distributional share (o) also remain the highest coefficient
here with the value of 1.176. The value of y; for the four
equations range- between vy = {~ 0.077) to Yix = 0.144,

Similarly, Yiq = (- 0.082) is the lowest, while yiz = 0.062 is- thev

highest values of output elasticity paranieters.:

Price elasticity coefficients for all input demands
indicate that both the own- and cross-price effects on input
deimand are inelastic since all coefficients of price elasticities
are less than one (in absolute term, in case of own-price
elasticity). Remarkably, this is the only industry where the
relationship between capital and energy is complementary
although it is statistically insignificant. But even in all other
industries where the relationship between the two factors is
" substitutable, none is statistically significant. '

Wood and Wood Products Industry
PARAMETER estimates for input demands in wood and wood
products industry are presented in Tabie 5. Apart from the
distributional parameter for labour o, whose vaiue is 1.143, no
. other regression parameter is above Yy = 0.257. Of the 18
parameters in the 4 input demand equations, 12 are
statistically significant. Some of the estimates of vy; are
negative, meaning that a change in the price of input j will
inversely affect the cost share of input /in the total cost outlay.
For instance, 100 per cent increase in the price of energy will
cause less than one per cent (specifically, 0.081 per cent)
decrease in cost share of capital. This cross effect of in price
of input j on cost share of input / will work through the change
in factor combination ratic in the production process caused
by changa in relative price oi inputs. The cost share of a factor
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can only fall with an increase in the price of another input if
there is some complementary relationship that will cause a
reduction in expenditure on the input whose price has not
changed.

There is need to emphasise the note of caution thal

~although the negative sign of Yj means inverse relationship

between the ‘cost share ofiinput i and the price of input §, this
might not necessarily confer a complementary relationship on
the two commodities. Whether the commodities are definite
complement or not depends on the size of the product of S,
in addition to the negative sign of y; If y; < 0 is greater in

" absolute term than the product of SS; (where §5; > 0), then,

input will be complements Thus, y;.may have “apparent”
complementary effect but it turns out that when the cross
elasticity of demand as well as the elasticity of substitution is
calculated, these inputs may be substitutes due to the
magnitude of the products of their relative cost shares, S;S;.

In this sub-sector, the own price elasticity of materials is
(—1.644) indicating that demand for logs, timber and plank,
which are the basic raw materials in the sector, is elastic with
respect to their prices. The cross effect of the price of material
on the demand for capital (n,, = 1.396) also reveals that these
two factors are not only substitutes but they have elastic cross
price effects. Thus, a fall in the price of raw and intermediate
materials will lead to a higher than properiionate increase in
the demand for capital required for the processing of the
wood. However, although this substitutable relationship still
exists, if the effect of price of capital is assessed on the

~demand for materials, the coefficient is less than unity (i.e.,

Nxm = 0.848). This is realistic because production activities in
the sector are more material-related than they are dependent
on capital. Therefore, a change in.capital price cannot have as
much effect on the demand for materials in the sector as does
a change in the price of materials on demand for capital.

Pulp, paper and Paper products fndustry

IN comparative terms, the input demand equations in this sub-
sector are similar to thoss in the woed and wood procucis
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industries. There are two differences between the estimates
- here and those in the wood product sub-sector. First,
complementary relationship is revealed here between labour
and capital. But this relationship is weak given the value of (-

. 0.122) and it is not significant. The second is the high level of

own elasticity coefficient -for capital {~1.339) but again it is
statistically insignificant. The results are presented in Table 6.
Chemicals, Pharmaceuticals and Rubber Plants
COEFFICIENT estimates of the share equations here are

- peculiarly. different. In addition to being small in magnitude, .
- none-of the estimated coefficients is up.one in absolute value.

The results are presented in Table 7. The statistical. test for
" the coefficients shows that-only 8 out of the 18 parameters are
significant. But the F-statistic for the estimated system of
equations is 109.78, which is significant at one per cent level.
This may be explained by the fact that 7 of the 8 significant
parameters are among the fwelve parameters estimated
directly, while only one of the six recovered parameters is
significant.

On the contrary, majority of estimates of prlce elasticity
and elasticity of substitution coefficients were significant. For
price elasticity coefficients, 12 out of 16 were significant at
various levels, while 8 out of 10 estimates of elasticity of
substitution coefficients were significant. Again cross analysis
of inpuis in ihis sub-sector shows they are all substilutable.
However, the response to factor price changes shows that the
sub-sector faces inelastic derand for alt input (all / n;/ < 0).
Non-Metallic Products

AGAIN, as with the chemicals, pharmaceuticals and rubber
products sub-sector, non metallic products industry has low
values of cost share equation coefficients indicating that
these sub-sectors are, more than others, facing greater
rigidities in factor adjustment with respect to factor prices.
This is in consonance with the earlier observation that
capital producing industries have more technical
adjustment problems than the more mature consumer
goods sub-sector.
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The statistical reliability of the individual parameter
estimates is worst in this sub-sector, as only 7 parameters of
the regression coefficients are statistically significant. " But
then, there is a large and significant F-statistic, which indicates
that the parameters estimated are most likely the ones for the
sub;sector. These results are shown in Table 8. As a result of
the rigidities and relative fixity of factor intensity ratios, there
are cases of complementarity between capital and labour and
labour and energy. These relationships, though not statistically.
reliable, have to do with special skill required by labour to man
the machines and equipment, which makes ceriain labour to. -

be hired as new equipment is ‘acquired. 'Complementary of .

labour and energy may be due to heavy dependence of the
sub-sectors on self-generated energy, which requires
specialised labour to handle the generation and distribution.
Nevertheless, these complementary relationships are not
significant statistically, meaning that it is not a reliable
relationship and that there is a tendency for a change in this
relationship.

Metallic Products, machinery and Automobile

THE estimated regression coefficients, as can be observed in
Table 9, are generally lower than unity in absolute term. Like
the non-metallic product group, the price elasticity coefficients
show that the industries here face inelastic demand for factor
inputs. Labour and capital are reported as complements but
their elasticity cosfficienis are notl statistically significant.
LLarge Scale group of industries

ESTIMATES of parameters for the large-scale firms . are
presented in Table 10. The results show that all the regression
coefficients are less than unity in absolute term, which is an
indication the general problem of technological rigidities that
impair alteration in factor intensity ratios. The regression
estimate for v, is (— 0.043), meaning that an increase in the
price of materials will bring about decrease in the cost share of
fabour but by less than the proportion of the increase in the
price of materials. Conversely, if there is an increase in the
wage rate, the cost share of material will fall but fess than
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proportionately. This shows that labour and materials are
apparently complements, which by computing the cross
elasticity coefficients (m = — 011, M = — 0.029), _ihe
complemtarity is made manifest. The own price elasticity
coefficients are large than the cross elasticity coefficients.
Indeed, own price elasticity of energy demand is larger than
the demand responsiveness. to, own pricés in other factors.
Nevertheless, the helplessness of the 'manufacturing sector in
adjusting to changes in input prices is still evident in the
inelasticity of their factor demand to changes in input prices.

Small-Scale group of industries

RESULTS from smaill-scale firms-p_resented in Table 11 are,in -

many respects, similar to those from the large-scale firms. The
signs of parameters that are negative in large-scale group are
also maintained among small-scale firms. For instance, Y =
(— 0.014), which alludes to the possibility complementary
effect of change in price of capital or energy. Again, the yj, =
(- 0.085), v = (— 0.098) which reflects the results in the large-
scale group. However, when the elasticity coefficients are
~ calcutated, the results show that complementary relationship
only exists between labour and materials. Evaluation of own-
price elasticity also shows that small-scale manufacturing
enterprises are more responsive to change in energy prices

than they do to movement in prices of other inputs.
Across the manufacturing sector, the resulls of these

sub-sectoral analyses show that:

(a) Even though the demand for inputs are generally
inelastic in own price, the demand for energy
- inputs is relatively more elastic with respect to

their own prices than any other input.

(b)  Substitution opportunities among factor inputs are
limited and this is demonstrated by low values of
cross-elasticity coefficients throughout the study.

(c) Although few complementary relationships exist
among different inputs across the sector, these
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relationships are generally not statistically
significant, which may aliude to the long-run
expectation of substitution possibilities rather
complementarity. The presence of such
complementarity also confirms implicitty the
existence of technological rigidities that constricts |
substitution possibilities in the sector,

5 Conclusion
THE estimated price elasticity and Allen elasticity of..
substitution coefficients for the Nigerian manufacturing sector-
confirm the fragile nature of a developing economy, where the
possibilities for factor substitution are very limited. This is
because, considering the aggregate results of elasticities
presented in Table 2, the price elasticity as well as Allen
elasticity coefficients are generally lower than unity meaning
that the firms in the sector scarcely alter the structure of their
input combination in response to change in input prices.
These technological rigidities are expected for a developing
economy where, due to the limitation imposed on factor
substitution by inadequacy of technological knowledge, there
are constraints to technological switch-over to cheaper factoms
as the relative factor prices change.

Among firms in four out of the seven sub-sectors, the
disaggregaled analysis brings oul the possibiliies of facior
substitution between capital and raw materials. In some other
sparing cases, portrayed by the industry-level results (see
elasticity of substitution coefficients columns), raw materials
are found to be substitutable for labour or energy. This
indicative trend of possible factor substitution is alluding to the
importance of raw materials in the manufacturing plan. The
weak possibilities of input substitution proved by this study are
responsible for low capacity utilization and frequent shut-
downs experienced in the Nigerian manufacturing sector.
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Table 7: Chemicals, Pharmaceuticals and Rubber Sub-sector: Regression and
Elasticity Coefficients
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Table 8: Non-Metallic Product Sub-sector: Regression and Elasticity
Coefficients :
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Table 9: Metallic, Machine and Transport Product Sub-sector: Regression and
Elasticity Coefficients
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Elasticity Coefficients
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Table 11; Smal-Scale Manufacturing Group of Firms: Regression and
Elasticity Coefficients ;
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