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TIME-SEPIES PPODUCTION FINCTIONS AND TECHNOLOGICAL
PROGRESS IN KENYAN INDUSTRY*

By
J.X. Maitha

The slow rate of growth of employment in the modern sector
of the economies of the LNCs has stimulated great interest in the
elasticities of substitution between cavital and labour in these countries
The main reason for this interest in the elasticities of substitution
is the determination of the degree of substitutability between capital
and labour. From this knowledge we can deduce some useful results
concerning growth, employment and distribution of incame. Technolopical
progress could also be another explanation of this slow growth of
employment in LOCs but very few studies has attempted to estimate the
nature of technological progress in LDCs. In this paper we attempt to
estimate both elasticities of substitution and technological progress
in the main sectors of the ¥enyan economy.

In the case of Kenya a number of studies have appeared on
emloyment and productivity mainly in the rmanufacturing sector.2
However, very few of these studies have directly estimated the elasticity
of substitution although some reject the capital-labour hypothesis
even without direct evidence.” Most of these studies assume constant
returns to scale and to our }nowledge, very few attempts have heen made
to estimate returns to scale. Our knowledge about technological progress
in Kenya is meagre and there are no estimates available due to paucity

of data.

THE IODEL.

Our estimates of the elasticity of substitution are based on
the constant elasticity of substitution (CES) production function.
In this study we are also interested in estimating the extent of
technical progress in Fenya's economy. If we assume the Hicks-Neutral

technological progress, the CFS preduction function can be written:

Q=AM s K a-0LH " 68



where O, ¥ and L are value added; capital and labour. ;6,2 and

v are technolosy, distribution. substifuticr -nd homogeneity parameters.

Pue to lack of data on capital, we cannot estimate (1) directly.
However, if we assume constznt returns to sc.alrea Dand further that factor
and product mar¥ets are competitive, then we Ze;timete the elasticity
of substitution and technical progress from data on value added, wages

for
and lshour. Thus/{v =1, the following regression equation can be

derived from (1)°.

log q a + allog w, + azt (2)

t

¥here g = value added ver man (Q/,)
w = the wape rats ('!‘,T/I)

t = trend term

The economic varameters are estimated or calculated from the

recression coefficients as follows:

g =ay

"7 %2/ (1-ay)

where A is the elasticity of substitution and X is the technological

DTOgYeSS Darameter.
celebrated
Fauation (2) is the [ - AGS | | formulation for estimating

the elasticity of substituticn and has been widely used. However,
estimates of € from it are characterized by some problems of identification
and s_x_3ecification.5 If the constant returns to scale assumption is
Aropped, then ancther ecuation can be derived to estimate the elasticity
of substitution; technical propress and the returns to scale pammeter.E"
From (1), the rerrinal nroduct for lakour is given by:

30 = k 0 1+(a/v); -1
3L

f
where kF==~e rt(l-»é) Ae™"

By equating the murginal- product with the wase rate and after

sore rearrangemsent, we have the following estimating equation.



log Qt = b)+bllog w, o+ bz log L, + bst. (3)

vhers A = bT/b-

L A B

1 - bl.

Fauztions (2) and (3) are our hasic estimatine equations.

Emnirical Fesults:
Eauations (2) and (3) were fitted to time-series data covering

eight sectors over the period 1956 - 72.7

The eight sectors are large
scale Agriculture, Mining and Quarrying, Merufacturing, Transport and
Communications, Ruilding and construction, Commerce, services and the
miblic sector. Fauation (2) fitted the data hetter than equation (3).
In equation (3) employment (L) is included to pick un dramatic and
sudden changes in value added (0). Thus the L variable should exrlain
qualitative changes in N that do not follow = smooth prowth pattern
over time. Fouation (3) did not fit the data. The coefficiert of

L was insignificant most of the time and L was highly correlated

with the wage rate. Hence ercuation (3) was dropved in favour of

equation (2).

There are three possible exnlznations as to why ecuation (3)
fails to fit our data. First, the sectors considered in this paper
may not be characterized hy increasing returns to scale. Second, the
veriod covered by the data could be relatively short and hence eguation
(3) inappropriate. Third, there were no siprificant dramatic and
sudden changes ir value added during the period 1956 - 72.

The results of equztion (2) are showr in table 1 below.



TERIE 1

ESTIMATES OF ENUATION 7 (1656 - 1972)

Sector Constant log w. Time

1. Agriculture 785 1.045 QA4 L9850
(.5 (.027)

2. Miningo « Quarryine 9,966 1.001 177 .971
(.638) (.725)

3. Manufacturing 6.072 .755 086 . 987
(.171) (.013)

4. Transport & Communications 7.093 .028 062 .979
(.038) (.207)

5. Puilding % Construction 5.349 .815 .065 .949
(.246) (.M2)

6. Cormmerce 2,697 .734 .03 - 954
(.192) (.012)

7. Services 5.065 112 018 . 248
(.149) ©29)

8. Government 2.676 . 218 R7 .993
(-333) (.£15)

The numbers in brackets are standard errors of the coefficients.

Fquation (2) produced insiomificant results in three sectors, narely
transport and communications. services and governmment. Services had the

poorest results and only the trend term coefficient was sipnificant in
transport and cormumicztions z2nd the nublic sector. The wage rate
coefficient in mining and quarrying is sigrificant at the ten per cent
level. A£11 the other coefficients are significant at least at the five
per cent level. The estimated economic parameters from the sectors with

significant results are shown helow.
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FSTTMATED  EQONNTC  DPARAFETFDC

Sector 5 A

Aericulture 1.05 -0.98
Minine o Ousrrying 1.01 -N.18
Manufacturing 2,76 0,35
Building & Construction 0.82 0.35
Cormerce 0,78 0.01

In the four sectors the estimated elasticity of substitution

20

is not significantly different from unity.~ This implies that
capitai-labour substitution is not as limited as calimed in some
auartsrs. Thus increasing the level of wages can he expected te
impede employrent creation through capital substitution for the
expensive lzbour.

The sstimated coefficient for technclr+ical prosress sugeests
that there was technological retreeression in Apriculture and,
Mining and Cuarrying during the period 1956 - 7Z. This agrees with
other ecomomic indicators in these two industries. In apriculture
erployment has declined considerably during this period and the rate
of canital formation has heern very low. In Mining and Quarrying,
both employrent and capital formetion l:ave been declining during
this veriod. Manufacturing and building and Construction show

reasonable rates of technological progress and Commerce shows the

least technological nrogress.

3.

he coefficients of the tecknological progress parameters

£11 ¢

-

D

S

are consistent with “icks-neutrzl or iahour augmentine technolegical
chanpge. Hicks-neutral techmological progress in a CFS production

function is determined according o +abls 2 helow.
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TAELE 3

PICKS-NEUTRAL TECFNOLOGICAL Pri::8T IN A CES

PROTUCTION  FUMNCTION

If b2>0 Ifb2>0

A> 0 A <0

~-pxA <D -0 A<D
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