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with Firms in Five other Countries 
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In this study, data relating to constructlon firms of five developing countriesare analysed to explore the possibilities of substitution between capital and labourand between skilled and unskilled labour. The study concludes that, in general,
both the elasticities are quite low. 

The population of the urban areas of the developing countries has arisen 
tremendously during the last three decades. One of the major reasons for this growth
is migration due to the differenti:l in ihcomes, job opportunities, and living styles
between cities and rural areas. This rapid growth has put a strain on all cities.
Millions do not have a proper place to live and public utilities often do not exist or 
are negligible. The problem is greatest in tie larger Pakistani cities of Karachi, 
Lathore, Faisalabad, Peshawar and Rawalpindi.

In order to have a thorough look at the problem, a study was sponsored by ie
U.S. Agency for International Development. The households, builders and construc­
tion workers were interviewed in six cities.' Tuiis paper is maLily based on the
suirvey of building firms. Our objective is to estimate production functions and input
'iasticities in the supply of low-cost housing.

Before we discuss the nature of the 1979 Survey in Rawalpindi, it is important
to understand the construction industry in Pakistan. According to one officialreport, the construction industry in Pakistan generally can be classified according to
either the size of the firms or the nature of construction, tie level of technical 
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sophistication and the need for technical inputs [7]. There is a relati nship between 

the size of the firm and the technical sophiLtication of tile production process. Tlie 

building firms can be classified in the following manner: 

(1) 	Tie first -category consists of' large firms with professional management, 
doing work comparable to that of industrialized countries. iThefirms are 

engaged in major civil engineering, public works, and high quality private 

buildings in urban areas. Their technical know how is imported from ' 

developed countries and most of 'their professional management has been 

trained in advanced countries. Besides possessing highly qualified profes­

sionals, these firms use modern and sophisticated !quipment. 

(2) 	 The second category consists, of big contracting firms, which arc mainly
 

managed by their owners but are modem or sophisticated only to a certain
 

degree. They are also involved in modern private as well as public construc­

tion, projects.
 
(3) 	 The third category is made up of small owner-managed contractors with
 

limited financial and technical resources. They are engaged in less compli­

cated, less capital-intensive private and public construction. The market for
 

their activities is fairly competitive.
 
(4) 	 The fourth category, according to this report, can be referred to as tradition­

al. The constnmction job is directly supervised by the owner and there is little
 

technical sophistication.
 

We have 74 :ims in our builders' survey, of which 20 firms are from Pakistan 

and the remaining from the rest of the countries. 2 ' In the Pakistani sample, the 

categories are not as compartmentalized as mentioned in the abeve report. In the 

Pakistani sample, there are three firms which can be placed in Category 1. These 

firms employ 4,000 to 9,000 workers on construction sites. (The largest one 

employs about 9,000 workers on site and is'incorporated in the public sector.) The 

number of workers employed off site ranges from 100 to 600 and most of these off­

site employees are professionals. Then, there are four more firms which are not as 

big as the firms in Categcy I but they empoy 400 to 4,000 workers on construction 

sites. The number of off-site workers ranges from 29 to 200 in these firms. About 

seven firms fall in Category 3 and they emplcry 50 to 200 workers on site with about 

10 to 40 off-site workers. The last six firms fit into Category 4 with 12 to 30 on­

site employees and about 2 to 10 off-site workers,,with, on average, one or two 

trained professionals. 
I, 

2The break -down for non-Pakistani firms is as foUjws; Zambia 1; Colombia 10; Sri Lanka 

11; Kenya 24; Tunisia 8. However, all firms did not answer aU of the questions. Therefore, the 

number of non-Pakistan firms varies among different regressions. About 15 firms answcred all 

the questions. 

It 
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The average number of years for which these firms have been in business is 19
and most of them were established after the independence of Pakistan. The newest
firm in our survey is four years old. These builders were asked about building costs
of various volumes, and comparisons were made using a plan adapted to local 
conditions and preferrnces. 

Our first step is to describe the basic floor plan and to compare the costs and
on-site employment for single units as well as 10 units in Rawalpindi with those in
five non-Pakistani cities. The specified dwelling is rectangular. The roof is flat and
supported by six posts of reinforced concrete and a collar bear,,. areaThe covered 
consists of a 12-M 2 room, a 5.3.M 2 kitchen, a 1-M' entrance and a 1.5-M2 toilet
connected to a septic tank. There is a window in each room and the kitchen has
running water at a sink. Additional rooms can be built on the upper right or on aroof. The is 77-M 2 wctotal lot but do not include the site cost and related 
infrastructure in our estimates. 3 

The main objective of this pa;ler is to estimate tie input ela-ticities. namely the
elasticity of substitution between labour and non-labour and the elasticity ofsubstitution between skilled and unskilled labour. In order to achieve this objective, 
we will have tc estimate the production functions. The production fIunction
estimates provide us with the framework which deals with the issues mentioned 
previously. The production function Y = F (XI , X11 .... Xn) defines the relation
between the flow of output (Y) and the flow of inputs, namely X1, X2 and so on.
We assume that our production function is continuous and twice differentiable. The 
output as well as inputs is measurable. The labour input will be neasured in physical
terms and other inputs in value terms. The production function is also assumed to be
homothetic. This implies that the observations are on a single isoquant and that the
slope of the isoquant (marginal rate of substitution) is independent of scale anddepends only on input proportions. In order to apply this production function

deory on our aggregate cross-country data, 
we r.sune that the firms in our sample
face a competitive local factor market. The relative factor prices of the inputs deter­
mine the pioportion in which 
 these inputs are used in the production prccess. This
allows for the identification of the production function [4] . We can also introduce 
the assumption of homogeneous output because each firm has the same specified
floor plan. The prices are assumed to be c6nstant in order to keep the model 
simplified. 

Our next step is to define the output and inputs. One way is to define thetotal output, which in our case is on-site cost + off-site cost + materials. But, in
industri,s, especially manufacturing, the value added is used as a measure of output.
It can be computed by subtracting materials from the sum of on-site and off-site 

3The plan was prepared by the World Bank experts. The engineering and costs details are 
available from the author. 

.... . i . ...... .Ji2 
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costs. Materials are subtracted because they are intermediate goods. Tie only excep­
tion could be imported materials [5] . Labour and capital wil! be the major inputs 

Since data on capital, in a strict sense, are not available in the construction industries 
of our sample countries, tie off-site cost + materials can be a proxy for capital in (,n 

alternative foimulation. This enables us to estimate Cobb-Douglas and CES 
production functions. Although this paper will emphasize only CES production 

function, some of Cobb-Douglas estimates are worth pointing out. Separate 
regressions are run using total output and value added as dependent variables. Cobb-

Douglas production function with total output as dependent variable provides signif­

icant esrnates of labour and non-labour coefficients for Pakistan. The sum of 
elastizities (CC+ 3)4 is very close to one but for non-Pakistan it is clearly less than one 

(approximately 0.72). Returns to non-labour factor are higher for Pakistan than for 

other countries. When value added is used as a dependent vaiiable, the estimated 

cc.fficients turn out to be insignificant for Pakistan but significant for the combined 

sample of all countries. The sum of elasticities is 1.34, which shows increasing 

returns to scale. The case of increasing returns to scale in this production function 

makes the equilibrium conditions more complicated [9] . In this situation, according 
to Yotopoulos and Nugent [9] , factor sharcs depend not only on real factor prices 

but also on the demand ,lasticity for output and the supply elas*icities for inputs. 

One of thu major implications of production estimation is related to the 

measurement of the degree of substitutabdity be-tween factor inputs. The substitu­
tability between factor inputs like !abour and non-labour is an empirical question. 
In a Cobb-Douglas production function, the elasticity of substitution (a) between 

non-labour and labour is restricted to one. Since our estimates gave a good fit for 
total output, the assumption seems to be fairly good. Now we move on to the 

Constant Elasticity of Substitution (CES) production function, first presented by 

Arrow, Chenery, Minhas and Solow (ACMS) [I] . In this production function, the 

capital-labour proportions do not vary simply as a result of variations in marginal 
productivities. The ACMS observe that in international cross-sectional studies, the 
relationship between value added per workcr and the wage rate turn out to be 

, gnificantly different from Cobb-Douglas production function. The CES produc­

tion function can be written in the following way: 

- pY =-[6k + (1 - 6) L- p ] - lip 

where 

-y = Efficiency parameter, 
6 = Distribution parameter(0 <6 < l),and 
p Substitution parameter. 

i4 The standard Cobb-Douglas production function is written as Y = Aka Lq e . The 

parameter A is the scale parameter. * and 3are elasticity coefficients, and ui is the disturbance 
term which may reflect the uncertainties in the business world or could be the diversity in 
entrepreneurial abilities of builders. 
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The p specifies thu elasticity of substitution becasue a - . If p = -1, the
production function becomes linear.
 

The CES production function can be 
 measured by regressing the log of the 
average productivity (val.. .2ded per worker) against the log of the wage rate. The
estimated coefficients for the wage rate will actually show die elasticity of substi­
tution between non-labour (capital) and labour. The elasticity of substitution is
identical to the elasticity of output per unit of labour. The estimates for this 
regression are shown in Table 1. The coefficient for WA (average wage rate) shows 
the elasticity of substitution of labour for non-labour except materials to produce
value added. The estimated coefficient of WA for Pakistarit data turns out to be 
0.87, significant at the 95 -percent level; for non-Pakistani data, WA is equal to 0.83,
and for the combined data, it is 0.86. Both are highly significant and are reasonably 
close to one. If we use output per worker (Table 2), instead of value added perworker, the estimates for Pakistan and non-Pakistan do not change much, but the 
coefficient of WA for the combined data turns out to be 0.95, very close to one. If 
a = 1, when the relative price ratio ( Price of non-labour ) falls by x%, then the fall 

Price of labour 

Table I 
The CES ProductionFunctions 

Dependent Variable = LOG (._ 
N

CoefficientConstant R 2 F- No. ofof WA Statistics Observations 

Rawalpindi,
 
Pakistan 0.77 0.87 0.19 5.19 
 20 

(1.99) (2.29) 

Five Cities,Non-Pakistan 0.87 0.83 0.64 38.31 22 

(3.30) (6.19) 

All Data 0.83 0.86 0.65 75.53 42 
(5.53) (8.75) 

Source. Building Firms Survey, Summer 1979. 
Notes t-ratios are in the parentheses.
 

VA = (Value added) = off-site cost + on-site cost.
N = Labour (skilled + unskilled).
 
WA = Average wage rate.
 

I..,__
 
......... .L ........... .J. . . ... ,1, .
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share will
of labour demand will be equiproportional and the nonlabour 

labournon-labour of non-labour
If a < 1, when the relative price ratio (_rice

remain unchanged. Price of labour, 

falla by x%, .Then the fall of labour is not equiproportional, falling less talr 
non -labour 

that percentage, and the ratio non-labour falls. If a > I, and the relative price 
labour 

ratio falls by x%, then the labour ratio fals more than that percentage wlile the non-
In Table 1, the a forlabour share will increase as compared to the share of labour. 

all three cases is around 0.86, which is reasonably close to unity. The C-D estimates 

that when the price of labour/non-labouralso suggest the same thing. This means 

rises by one dollar, the _labour ratio goes up by a factor of 0.85 (0.95 in Table 2
non-labour 

or goes upcombined regression) and the share of non-labour either remains constant 

very slightly. The parameter a is important because it also reflects the wage elasticity 

of demand for labour. The wage elasticity of demand for labour has two components. 

occurs when non-labour is substituted for
The first is the substitution effect, which 

is the output effect which depends on the output-pricelabour, while the second 

elasticity of demand for labour. 

Table 2 

CfL5 ProductionFunction with Total Output 

as Dependent Variable 

F- No. of12CoefficientConstant of WA Statistics Observations 

Rawalpindi, 
2.2 0.80 0.13 3.72 20Pakistan 

(5.16) (1.95) 

Five-Cities, 
0.85 23.11Non-Pakistan 0.74 0.29 54 

(3.21) (5.0) 

0.95 31.79 74All Data 1.04 0.30 

(4.95) (5.58) 

Source: Building Firins Survey, Summer 1979.
 
Notes: t-ratios are in the parentheses.
 

YL - total output per worker. 
N
 
Y = total output on -site cost + off-site cost.
 
WA = Average wage rate.
 
N = Labour.
 

inn i _ __ ' 
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According to Minasian [6] , based on the assumption of the proponents of the 
CES production function, the obecomes the wage elasticity of demand when output 
isheld constant, and the u shows the substitution component when outl-Ut is allowed 
to vary. The parameter 7 < I implies that wage elasticity of demand for labour is 
inelastic. In. Table 2,:iscems lower for non-Pakistan than for Pakistan (though the 
difference is not highly significant). The non-Pakistan data have a couple of middle­
income countries, namely Colombia and Tunisia. It may be possible that when a 
country moves from one stage to another stage of development, the a becomes 
smaller and smaller, which means that substitution between non-labour and labour is 
beconing difficult. However, thorough enpirical investigation may be required to 
check out this possibility. 

Our next step is to modify the regression in Table I and to introduce another 
variable, Z, on the right side of the equation. The variable Z relers to the materials 
and off-site costs per worker, hence to the type of the technology and organization 
used. The resulting estimates are given in Table 3 which shows that the estimated 
coefficient for WA falls substantially fc- Pakistan. The Pakistani building firms vary 
in their technology. The value added per worker is significanfly determined by tie 

Table 3 

The Modified CES ProductionFunction 

Dependent Variable = LOG (VA/N) 

Coefficient Coefficient of F- No. of 
R2Constant of WA mater + offsite Statis- Obser­

(Z 	 . tics vation 

N 

Rawalpindi, 
Pakistan - 0.26 0.55 0.53 0.65 18.71 20 

(0.29) (2.11) (4.81) 

Five Cities, 
Non-Pakistan 0.65 0.75 0.11 0.95 168.54 17 

(1.85) (2.88) (.42) 

All Data 0.24 0.43 0.43 0.94 36.0 37 
(1.60) (3.90) (3.90) 

Notes, (t-ratios are inthe parentheses). 
VA tValuc added) off-sitC cost + on -site cost. 
N = Labour (skilled and unskilled). 
WVA = Average wage rate. 
Z = Off-site cos" t Material cost = pro,\, for capital in our regression. 
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non-labour ratio is determined, the labour-non-labourtechnology used, Once tile 
laor
' 

substitution becomies more difficult. 

Our next, step is to estimate the elasticity of substitution between skilled ai.d 

[41 has derived a method to estimate a by using Taylor
Kmentanon-skilled labour. 

CES function. His method can be used to 
series approximation on the original 

The Ns and Nu are skilled and unskilled labour 
regress log -Ns against log (_Ys). 

The coefficient 
respectively, and Ws and Wu refer to skilled and unskilled wage rates. 

and unskilled 
for log W.) gives the elasticity of substitution between skilled 

NVs 
The regression for non-Pakistan is signif­

are shown in Table 4.labour. The results 
aNs. Nu equal to 0.66, which is clearly less than one, showing that 

icant with 
The measurement of 

between skilled and unskilled labour is not easy.
substitution 

and Grant [2) point out, if labour is 
0 is a complex measure. As Itamermesh 

should be treated as
(skilled or unskilled), the wages

classified by its occupation 
studies reviewed by 

exogenous. This simplifies the matter slightly. Many 
- labour substitu­

ilamermesh and Grant ignore the biascs which come up in labour 

--labour substitution, and biases remain if labour is 
tion. Capital affects the labour 

Table 4 

The l;'lasticity of Substitution between Skilled and Unskilled 

Dependent Variables = LOG (Noi!Ns) 

F- No.ofR2
Coefficient Statistics Observations
Constant Ws/Wu 

Rawalpindi, 
0 0.33 20 - 0.65
Pakistan 1.74 

(1.91) (0.50) 

Five Cities, 
0.27 6.06 15 

Non-Fakistan 0.31 0.66 

(1.29) (2.54) 

0 0.23 35 
All Data 0.90 0.21 


(.2.3)) (0.47)
 

Summer 1979.Source: Building Firms Survec,, 

Notes: t-ratios are in the parentheses. 
Nu = Unskilled Labour.
 
Ns = Skilled Labour.
 
Ws = Skilled Wage rate.
 
Wu= Unskilled waye rate.
 

I-, 
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not separated from capital.' Hamerniesh 
included 	 and Grant suggest that capital shouldin th complete estimation 	 be

and tile appropriatenessassumption should be tested. 	 of the separabilitylfcapital is excluded from the discussion, tiie estimateswill be biased. The major source of this bias will be tile separability assumption.When one kind of wagte changes, it not only affects the other types of labour but alsothe substitutability of capital. However, data on capital are hard toHarnermesh-Grant 	 obtain. InestLrnates for the U.S., the o is high, a result which is different
from ours. 

SUMMARY AND CONCLUSIONS 
Economic planners have been trying to solve the problem of slums in thethickly populated cities of the developing countries. Also, their concern has been toprovide jobs through low-cost housing programmes.

functions 	 This study estimates productionfor low-cost housing and provides some information about labour-non­labour and skilled-unskifled elasticities of substitution in six developing countries.The production functions have been estimated for threePkistan, non-Pakistan and all the countries combined. 
sets of data, namely, 

between labour and 
The elasticity of substitutionnon-labour urns out to be sonevhat low in allelasticity' of substitution between ski!led 	

cases. Thie
ind unskilled labourestimated the 	 is too complex to bewith procedies used. The elasticity of substitutand non-labour, however, 	 ion1 between labourclearly becomeiS difficult if the building firmsmechanized and if easily installed materials become readily available 

are 

REFERENCES 
I. Arrow, K. J., H. B. ChenciV, B.S. Minhas and R. %f.Solow. "Capital-abourSubstitutions and Ecummic Efficiency'. !Le'view of Economics andStatistics. Vol. XLIII. August 1961.2. 	 [lame rmesh. D., and J. Grant. 

pp. 225-50.
 
"Economic Study of Labor-Labor Substitution
and their Implications for Policy'. The Journaloflznil Resowces. Fall1979. pp.518-542.3. Kmenta, Jan. "On Estimation of the CES Production Function".IlternationalEconoinic ReC'iw. June 1967.4. Liu, Ta-chung, and George 	

pp. 180-186.
lildebrand. "Manufacturing Production FunctionIn the U.S. 1957". Ithaca: New York State School of Industrid and LaborRelations, Cornell University, 1965.5. 	 McConnaurgley, J. S. "Prciuction Functions in Contract Construction for iheU.S. 1972". Ph.D. disseltation, Michigan State University, iast Lansing.

1976.6. Minasian, J, "Elasticities of Substitu tion and Cons tant Output DetnandCurves for Labor". JournalofPoliticalELconotny,, June 1961. pp. 260-270. 
SThe tiran.i-log function cmabtcs u., to tesl for scp~amalJiity. See 121. 



426 	 Elisan Alired 

7. Nasiruddin Associates Ltd. A Study of StructutL atd Capacity of Construc­
tion Industrv in Pakistan. Karachi. 1978. (Draft Report prepared for 
Planning Comim.ision of Pakistan) 

S. Strassinan,..W. Paul. "Employment in Core Ilouse Building: A Comparison 
of Estinates from Six Cities in Six Countries". Report prepared for U.S. 
Agency for International Development. 1980. 

9. 	 Yotopoulos, P.A., and J. B. Nugent. Economics of Development:. L'mpir­
ical lvestigations. New York: Harper & Row. 1976. pp. 50-52. 


