PRODUCTION FUNCTIONS IN CONTRACT CONSTRUCTION
FOR THE UNITED STATES, 1972

Dissertation for the Degree of Ph. D.
MICHIGAN STATE UNIVERSITY
JOHN SEWELL McCONNAUGHEY, JR.
1976



This is to certify that the

thesis entitled

PRODUCTION FUNCTIONS IN CONTRACT CONSTRUCTION
FOR THE UNITED STATES, 1972

presented by

John Sewell McConnaughey, Jr.

has been accepted towards fulfillment
of the requirements for

Ph.D. .
h _degree in Economics

W [l e

Major professor

oo [ (175

0-7639




?)’Iljlj".")./

T

Il
‘31293 00670 3304

|

(I




ABSTRACT

PRODUCTION I'UNCTIONS IN CONTRACT CONSTRUCTION
FOR THE UNITED STATES, 1972

By

John Sewell McConnaughey, Jr.

Construction is a large and important sector of the U.S.
Economy. Gross construction\expenditures have generally averaged
about 13-14 percent of Gross National product. The sector directly
employs between 5 to 6 percent of the labor force. But over half
the jobs created by construction expenditures are indirect, occurring
in those mining, manufacturing, trade and transportation industries
which provide construction materials to the sector.

It is generally agreed that cyclical and seasonal fluctua-
tions within the sector, regional shifts in demand of 6utput,
sensitivity to monetary policy, and institutional constraints
(such as the separation of design from production, restrictive build-
ing codes, contractural disputes, union bargaining strength) strongly
affect performance and productivity growth in the sector. Economists
and policy makers have been especially concerned about the performance
of the construction sector regarding unemployment and inflation.

Much employment is s=zasonal, and even in years of high demand un-
employment among construction workers is high relative to other

sectors. Construction costs have risen rapidly in recent years
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while productivity growth in construction appears somewhat lower than
for other sectors. Moreover, the complexity of the sector, the
heterogeneity of the output, and poor construction statistics have
greatly hindered economic investigation.

The purpose of this study is to examine the Contract Con-
struction Industries using new data which has recently become avail-

able in the 1972 Census of Construction Industries. This census is

the second since World War II, but is the first to contain data on
capital inputs. No previous production function study of this type
has been undertaken for the Contract Construction Industries because
of the lack of appropriate statistical data.

We estimate single equation Cobb-Douglas and Constant
Elasticity of Substitution (CES) functions for twenty-four 4 digit
Contract Construction Industries. Our models are similar to those
used in production function studies in manufacturing. In Contract
Construction the 4 digit industries are separated into three major
groups by type of specialization. They are: SIC 15, General Build-
ing Contractors; SIC 16, Heavy Construction General Contractors;
and SIC 17, Special Trade Contractors.

Our major empirical findings are: (1) The elasticity of
substitution between capital and labor is less than one for nearly
half of the special trade contractor industries, but for most of the
general building contractors and heavy.construction general con-
tractors a value of unity seems reasonable; (2) There is evidence

of increasing returns to scale for about one third of the special
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trade contractor industries. However these industries employ nearly
two-thirds of the workers in the special trade contractor group
(SIC 17); (3) There is great diversity among the 4 digit industries.
Many factors, especially geographic factors, influence the construc-
tion process differences in a complex way. Examples are skill
composition, design, size of establishment, size of construction
project, degree of urbanization, and degree of unionization. Our
empirical results suggest that no single policy action for the
sector as a whole is likely to have the same impact in each of the
separate industries.

Traditional production function models generally use
value added as output, and ignore the possibility of substitu-
tion between materials, other inputs. We provide evidence that
substitution of materials for labor and capital occurs in construc-
tion, and that this substitution may be an important source of pro-
ductivity growth in the sector. 1In a separate chapter ‘we develop
models which allows us to explore in a tentative way substitution
between materials and other inputs, especially onsite labor. We
find that most evidence suggests an elasticity of substitution be-
tween materials and labor of about one. But these findings are not
conclusive since our efforts are hindered both by statistical
problems and by limitations in the functional forms which we use to

examine the multiple input production functions.
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CHAPTER I

INTRODUCTION

The main purpose of this tnesis is to present cross section
estimates of Cobb-Douglas and Constant Elasticity of Substitution (CES)
Production Functions for twenty-four 4 digit Contract Construction
Industries in the United States. No previous production function study
of this type has been undertaken for the Contract Construction In-
dustries because of the lack of appropriate statistical data. We use
the 1972 Census of Construction Industries as our primary source of
information. It is the second such census since World War 1I, but the
first census to contain data on capital inputs.

Construction is a large and important sector of the U.S.
economy. Gross construction expenditures have generally averaged about
13-14 percent of Gross National Product. The sector directly employs
between 5 to 6 percent of the labor force. But more than half the
jobs created by construction expenditures are indirect, occurring in
those mining, manufacturing, trade, and transportation industries which
provide construction materials to the sector. Changes in con-
struction expenditure or its composition can have a large impact (often
regional) upon the important supplying industries.

Construction output is a large component of new capital invest-
ment. A major factor in meeting national housing and social goals is

the ability of the construction sector to produce low cost housing.

1



Inefficient production of capital goods or housing can lead to a '"cost-
push" type of inflation if the price of the factors of production in
construction increase more rapidly than their productivity.

Economists and policy makers have been especially concerned
about the performance of the construction sector regarding unemployment
and inflation. This concern was clearly expressed by the Cabinet
Committee on Price Stability in 1969.1

Construction prices and the costs of labor and nonhuman

inputs are generally believed to have been rising faster

than the average in recent years, and productivity in-

creases have been reported as being unusually low al-

though data on these points are scarce. Unemployment

among construction workers has been high relative to

other sectors, even in years with high demand... Thus

the construction sector contributes in several ways to

the unemployment-inflation dilemma.

It is generally agreed that cyclical and seasonal fluctuations
within the sector, regional shifts in demand and in the composition of
output, sensitivity to monetary policy, and institutional constraints
(such as the separation of design from production, restrictive build-
ing codes, union bargaining strength) strongly affect performance, and
productivity growth in the sector. Moreover the complexity of the
sector, the heterogeneity of the output, and poor construction statistics
have greatly hindered economic investigation.

Early investigations such as Colean and Newcombs' Stabilizing

Construction; The Record and Potential (1952) or Haber and Levinsons'

Labor Relations_and Productivity in the Building Trades (19Y56) con-

cluded that productivity growth in the construction sector was
practically non--existent.2 However more recent studies using improved
price indexes to deflate construction output - Dacy (1965), Gordon

(1968), Sims (1968), and Cassimates (1969) - have all found that since



about 1947 output per man hour has increased at an annual rate of
roughly 3 percent per year.3 This rate remains below that of the
other major sectors and of the economy as a whole.4

The source of productivity growth in construction is not un-
like the source of productivity growth in other sectors. Dacy pre-
sents a useful list of factors which have probably affected produc-
tivity growth in construction. These are: (1) An increase in the
amount of capital per worker. This is especially true where new
technology has been introduced such as earthmoving and excavating equip-
ment, power cranes, ready-mix concrete trucks, or small power tools;
(2) A shift in construction product mix toward output which is less
labor intensive or which has more rapid productivity growth; (3) A
shift in the geographic distribution of output to the West where
productivity is thought to be higher; (4) An increase in the corporate
share of contract construction output. Since corporate firms are
generally larger than single proprietorships or partnerships economies
of scale may have occurred; (5) A decline in the averaée age of con-
struction workers following World War II; and (6) New techniques of
building, and the substitution of labor saving building materials for
on site labor.

Our census data provides new information on the Contract Con-
struction Industries, and the production function framework is well
suited for examining a number of the factors which affect productivity
growth. In Chapter II we develop our major Cobb-Douglas and CES models.
These are single equation models in which value added is the output
measure, and labor and capital are the inputs. Our basic Cobb-Douglas
model allows us to examine the relative importance of each input, and

returns to scale in each of the 4 digit industries. We modify this
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model so that we can also (partially) examine the influence of
technological change and differences in the quality of labor.

The CES models are used to estimate the elasticity of sub-
stitution between capital and labor (o). The elasticity of substitu-
tion measures the ease with which capital can be substituted for labor.
In addition, knowledge of the value of o provides information on how
the factor shares of capital and labor change with a change in their
relative factor prices. An important application of ¢ is in eval-
uating the impact of changes in payroll taxes or subsidies, and in in-
vestment tax credits or capital depreciation tax policies. We end
Chapter II with a brief discussion of this application as it applies
to employment in construction.

We might expect that production function analysis using time
series data is more appropriate than cross section analysis for in-
vestigating the influence of technological change, changes in labor
quality, and substitution between capital and labor. However there
are several major drawbacks to time series data in con;truction. We
outline these drawbacks briefly in Chapter III. Our main purpose in
this chapter is to define the variables used in the study and to pro-
vide a general description of the 1972 Census of Construction In-
dustries. Using the census data we describe in some detail the major
characteristics of the sector and of the separate 4 digit industries.

The models developed in Chapter II are basically similar to
those used in production function studies of manufacturing in-
dustries. This similarity allows us to compare our empirical results
in the construction industries with results from similar types of

studies in manufacturing. We present our main empirical results and



make these manufacturing industry comparisons in Chapter 1IV.

Our results are not fully comparable with those in manufactur-
ing for several reasons. One reason is that manufacturing industries
are often concentrated in a few states, while the construction in-
dustries are located in every state. We discover that geographic
location is an important variable in our production functions for most
of the construction industries, but are unable to identify spec-
ifically whicﬁ geographic characteristics (such as regional differences
in size of firm, wage rates, output composition, skill composition,
degree of unionization, differences in work rules) are most important.

The level of aggregation used may also have an important bear-
ing upon our results. Our construction industries are classified in
the narrower 4-digit classification while the majority of manufacturing
studies are based on the broader 2-digit classification. Despite this
narrower classification, we have a larger number of observations in
most of our industries than the number of observations used in similar
2-digit manufacutring studies. To examine such probleés of aggrega-
tion (in a limited way) we also present estimates for Cobb-Douglas
and CES models for the construction sector as a whole. This also
allows us to compare these aggregate estimates with time series
estimates of the sector by Cassimates.5

Traditional models of production, which use value added as
output ignore the possibility of substitution between materials and
other inputs since the value of materials used is subtracted from both
sides of the production function equation. This practice has lead

Evsey Domar to remarké
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... it seems to me that a production function is supposed
to explain a productive process, such as making potato
chips from potatoes (and other ingredients), labor and
capital. It must take some ingenuity to make potato chips
without potatoes. I do not mean that the omission of
material inputs is necessarily wrong. Rather that it is
not at all obvious that it is the preferred method.

In Chapter V we examine the role of materials. Models are
developed and results presented in which gross output is the output
measure. These models allow us to explore in a tentative way sub-
stitution between materials and our other inputs, especially on-site
labor. However our efforts are hindered by both statistical problems
and by limitations in the functional forms which we use to examine
the multiple input production functions.

Our findings and conclusions are reviewed in Chapter VI.

Perhaps the most important of these are: (1) That the elasticity of
substitution between capital and labor is less than one for nearly

half the special trade contractors, but for general building contractors
and most heavy construction contractors a value of one seems reasonable;
(2) There is evidence of increasing returns to scale for about one

third of the special trade contractor industries. However these in-
dustries employ nearly two-thirds of all employees in the special trade
contractor group (SIC 17); (3) There is great diversity in the con-
struction process between the 4-digit industries, and by geographic
region. No single policy action is likely to have the same impact in
each of the separate industries. Another implication is that aggregate

studies of the sector as a whole must be interpreted with caution.
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CHAPTER II

THEORETICAL BACKGROUND

Before discussing the particular theoretical models and
estimating methods in detail, we will begin this chapter with a
brief description of those characteristics of contract construction
which distinguish this sector from others. Seétion 2 contains a
general theoretical background, summarizes the properties of produc-
tion functions, and discussed the assumptions required in order to
estimate these functions. As a part of this section various problems
and weaknesses in our approach will be considered. The particular
Cobb-Douglas and Constant Elasticity of Substitution (CES) models to

be estimated are presented in sections 3 and 4.

1. General Characteristics of the Contract Construction Industries

Most economic research concerning the construction sector has
been in labor and industrial relations.l These studies have stressed
the many characteristics of construction which distinguish the sector
from others in the economy. The intent here is to list and to discuss
briefly these characteristics for an overall picture of the sector.
Specific information concerning the 1972 Census of Construction
Industries, is presented in Chapter IIi.

Construction differs from manufacturing (and other industries)

in a number of ways. The product is generally custom designed, durable,



large, expensive, immobile, assembled at a particular site, and has

a long gestation period from initial design to final completion. Since
much of the work is outdoors, production is dependent upon weather
conditions, and in most parts of the country construction is seasonal

in nature. Construction is geographically dispersed throughout the
country rather than concentrated in a few geographic areas. With the
exception of heavy construction it is labor and material intensive
relative to capital. There is a wide variability of demand -- between
regions, over the business cycle, and among private residential, private
non-residential, public building, and maintenance/repair work. The firms,
labor markets, and institutions which have developed are highly

flexible and specialized to meet the unique requirements of the sector.
Long term financing is usually involved.

Construction has numerous and highly specialized firms. There
are twenty-seven types of construction firms listed in the 1972 edition
of the Standard Industrial Classification Manual. They are classified
in three broad categories -- general building contractérs (sic 15),
general heavy construction contractors (SIC 16), and special trade con-
tractors (SIC 17). The firms are generally small but usually the
general contractors are larger than the special trade contractors. One
- two man firms outnumber larger firms, but their share in total con-
struction receipts is small. With the partial exceptions of operative
builders, subdividers and developers (yho engage in residential con-
struction for sale on their own account) the firms operate under a set
of complex contractural and subcontractural relationships.

The main advantage of the subcontracting system is that it

allows a high degree of flexibility in production. Construction projects
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differ in design, size, location, and skill requirements. General
contractors do not have the volume of demand to continuously employ
skilled workers or highly specialized equipment. In most cases they
retain only some of the fixed capital investment and skilled workers
needed, instead relying on subcontractors and rental equipment.
Contractor specialization allows the flexibility to expand rapidly,

to respond to changing product markets, and yet to use skilled workers

and specialized equipment economically.

A major disadvantage of the subcontracting system is that
management may be loose with wide divisions in responsibility. Dis-
putes can arise between the general contractor and the subcontractor
about contractural obligations. Jurisdictional disputes occur be-
tween unions. Such disputes can lead to work stoppages and reduce
effective scheduling and coordination of the job. Disputes add un-
certainty to already risky and uncertain undertakings. Many con-
tractors fail. There is a large amount of entry and exit into the
industry, particularly by smaller firms which have relétively low
capital requirements.

The product and factor markets in which contractors operate

are local in nature. There is a high degree of competition in the

product market between contractors since construction work is most
commonly obtained through competitive bidding. For public construction,
competitive bidding is almost universal, since it is generally re-
quired by law. In private constructién bidding is the most common
method to award construction contracts, although contracts may often

be negotiated.2 In residential construction some builders (operative

builders) construct residences on their own account. They act as the
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general contractor, but subcontract the major share of the work. Com-
petition is not perfect however, since the size, reputation, and union/
non union status of contractors are often considered by clients and lenders
in determining the ability of the contractor to handle the job. The local

nature of the market may also foster political relationships which affect

the awarding of contracts. Building codes and regulations reinforce

the local nature of the market. Contractors usually face fixed

factor prices in their local market although larger firms often
obtainquantity discounts in purchasing materials. Union wage agree-
ments fix wages for two or three years. There is generally a pre-
vailing wage for non union workers as well, but there can be a sub-
stantial differential between the union and non union wages which

may differ from one local market to another. Factor prices vary sub-
stantially between regions. For material inputs this probably reflects
transportation costs, the size of markets, and regional preferences or
climatic differences in design. Labor markets are linked somewhat so
that wage increases in one region will have impacts in.other areas. How-
ever substantial differentials between regions exist. VWages may differ
due to differences in the degree of unionization, the cost of living,
regional variation in the composition of construction demand, or regional
variation in demand for similarly skilled workers in industries other

than construction.3

2. General Production Theory

The microeconomic theory of production, cost, and input demand
is basic to understanding the neoclassical theory of distribution. The

production function provides the framework for appraising these issues.
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Let the general production function

Q = F(xl,xz,...,xn) (2.1)

define the technical relationship between a flow of output (Q) and
a flow of inputs (Xi) for a firm, where F 1is assumed to be a
continuous twice differentiable function. The output and inputs are
measured in physical terms. However this study, like the vast
majority of empirical studies of production, is based upon aggregate
rather than firm data. Output is aggregated using prices and is
measured in value terms. While the labor input is measured in
physical terms all other inputs are measured in value terms. To
apply the production function concept to aggregate data, and to
specify a particular form of the production function for estimation
requires a number of strong simplifying assumptions.

This study involves a cross section of the 4 digit contract
construction industries. The industries are the generai and special
trade contractors defined in the 1972 edition of the Standard
Industrial Classification Manual. Observations are by state. Out-
put and input data is divided by the number of establishments in
each state. Each observation is assumed to be from a'representative
establishment" in that state.4 We also assume that representative
establishments in the same industry have the same production func-
tion, and that each establishment is producing efficiently. The pro-
duction function is assumed to have the property of homotheticity.
This means that the observations can be thought of as being observed

on a single isoquant, since this property requires that the slope of
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the isoquant (or marginal rate of substitution) is independent of
scale and depends only on input proportions. Industry output is
assumed to be homogeneous in each 4 digit industry. Each repre-
sentative establishment is assumed to face a perfectly competitive
local factor market. Different relative factor prices between local
markets lead establishments to choose different factor proportions

which allows identification of the production function.

Although such assumptions are typical of aggregate pro-
duction studies they introduce a number of weaknesses to the study.5
Some assumptions do not correspond to the actual conditions (such
as the assumption of constant output prices cross-sectionally) but can-
not be avoided because of data limitation. The best that can be done
in this case is to examine the possible direction of bias. The
assumption that there is a homogeneous output may be particularly
open to criticism in a study of the construction sector. Buildings
and other structures are not homogeneous. They may differ from each
other in design, materials used, quality, size and by many other
characteristics. However this problem is minimized by the
classification system which defines the industries. General con-
tractors usually specialize in one or a few building types. The
workers which they directly employ usually work on the structure.

The rest of the work is subcontracted. The other function which
general contractors usually perform is that of general supervisor
and coordinator at the site. Although the design and char-
acteristics of two construction projects may be dissimilar the

work performed by subcontractors may be relatively homogeneous.
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Thus the relatively narrow classification system reduces criticism
of the homogeneous output assumption. In fact, our data is probably
superior in this regard to many studies in manufacturing. The

level of aggregation used in most manufacturing studies is a broad

2 digit classification which leaves much greater leeway for errors
due to changes in the composition of output. For example, in the
food processing industry (SIC 20) observations ié Michigan may
largely represent breakfast food production, in Florida orange juice
processing, in Iowa meat packing, and in California frozen vegetable
processing.

There are several assumptions which can be made about the
ways in which the output and inputs are defined. Aggregate studies
in manufacturing use a value added measure of output. In this
chapter we will also follow this practice. Value added is obtained
for the construction industries studied by subtracting the value
of materials and subcontracting services purchased from the value of
gross output (V =Q - M - S). This value added assumpéion allows
comparison of our results with those from similar types of studies
in manufacturing. It focuses attention on the role of capital and
labor. Since the value of materials and subcontracting services is
subtracted from both sides of the production function problems of
estimation are reduced.

For the economy as a whole ig is legitimate to use value

added as output since the material inputs are intermediate goods

and cancel out (except imports). Similarly, for the construction sector

as a whole subcontracting services may also be excluded. But for the

separate general contracting and special trade contracting industries
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analyzed in this study both materials and subcontracting services
are purchased outside the 4 digit industry. They do not cancel out.
Both can be substituted for labor or capital used in the industry.

The level of capital and labor services used in the industry depends

not only on the relative price of capital and labor, but also on

the relative prices of materials and subcontracting services. In

Chapter V we introduce materials as an input and develop models
using a gross measure of output for this purpose.
This study will use single equation production function models.
To estimate a single equation model using ordinary least squares (OLS)
a multiplicative disturbance, or random error is introduced. For
example, a simple Cobb-Douglas model is specified as
a8 i

Vi = A KiLie (2.2)
Trad?tionally, the rationalization for introducing the error term
(ui) is to account for differences in entrepreneurial ability be-

tween establishments.

The basic assumptions necessary to use OLS require that:
(1) ug is normally distributed; (2) E(ui) = 0; E(ui) = 02;
(3) The ui's are independent of each other, that is E(uiuj) = 03
(4) That u, is independent of the level of L and K wused. That
is, E(uilog Li) = E(uilog Ki) = 0. These assumptions imply that
the level of output is a function only of the level of inputs
chosen, and by theform of the productidn function. Marschack and
Andrews first criticized the single equation approach and presented
a more comprehensive simultaneous equation system model of the

firm derived from the profit maximizing assumption.6 In their model

output and input levels are jointly determined from the production
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function and from the input demand equations. Product and factor
market conditions other than perfect competition are allowed. They
show that random disturbances in the input demand equations are
transmitted to the production function so that assumption (4) above
no longer holds, and if OLS is used to estimate the single equation
(2.2) the estimates of a and B will be biased and inconsistent.7
Our rationale for using the single equation OLS approach stems
from a model developed by Zellner, Kmenta and Dreze (ZKD).8 Al-
though it is also a simultaneous equation model it differs from the
Marschack-Andrews model by assuming: (1) that the production process
is not instantaneous or deterministic; and (2) that production is
viewed as a stochastic process with respect to profit maximization

by the firm. Now, the random disturbance (u in equation 2.2) repre-

i
sents the influence of factors such as weather or other unpredictable
circumstances which affect production. Production is not instantaneous
and profit is uncertain. ZKD assume that establishments maximize
expected profits. Output and input prices are assumed.to be known

with certainty; or if input prices are not known exactly decisions are
based upon anticipated prices randomly distributed around the actual
price. With the added assumption that ug is normally distributed

ZKD are able to show that random disturbances in their input demand
equations are not transmitted to the production function. This
vindicates the single equation OLS appFoach to estimating the Cobb-
Douglas function from cross section data, and the estimates from this
model are asymptotically unbiased and consistent.

Since conditions in the construction industries approximate

the assumptions of the ZKD model the use of OLS seems appropriate.
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In preparing bids contractors use existing or anticipated input prices.
Except for "cost plus" types of contracts and cuildings build for
speculation the "price" for the output which contractors receive is
set 1n advance except for later adjustments made for specification
changes which entail extra work. Profits are uncertain for many pro-
jects due to the long gestation period in which unanticipated juris-
dictional disputes, weather problems, soil conditions, etc. can occur.
0f course we cannot push this interpretation too far, and the small
sample characteristics of the OLS estimators remain unknown.

Whatever the interpretation given to the data a likely and
serious source of bias will be simultaneity and bias introduced due
to errors in the measurement of the data - particularly capital data.
While we cannot do a great deal about errors in the data specific
attempts to investigate various sources of bias in both the Cobb-

Douglas and CES models reported later.

3. The Cobb-Douglas Form

The main parameters of the Cobb-Douglas form which we will
be concerned with are: (1) The output elasticities which indicate
the relative importance of each input in the production of the output;
(2) returns to scale, which tell how output responds to changes in
the scale of the establishment; (3) How these properties vary by
industry and by census region.

The non stochastic Cobb-Douglas form is

V=A1L (2.3)

where a and B are the output elasticities for capital and labor

defined as
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They provide a normalized measure of how much output changes due

to a proportional change in the input. If there is perfect
competition and constant returns to scale these elasticities also
measure the relative factor shares of capital and labor. The sum of

the output elasticities indicate returns to scale (a + B 1 imply

VA

decreasing, constant, increasing returns to scale). The parameter
A can be considered an efficiency parameter since functions with
identical output elasticities may have different outputs if A dif-
fers. The elasticity of substitution o, which measures the relative
ease with which capital may be substituted for labor, is restricted
to one.

Equation 2.3, which we will call the basic Cobb-Douglas
model assumes that both capital and labor inputs are homogeneous.
We will modify this assumption to allow for differences in input
quality. The first modification is to separate labor into con-
struction (Lc) and nonconstruction (LA) workers. The function to
be estimated is

B, B,
a. 1. 72
V = AK LC LA (2.4)

The basic model assumes that LC and LA are perfect

substitutes, i.e., © while this model assumes that

ag =
LCLA

OLCL = 1. Apreferable method for incorporating differences in
A

the quality of labor would be to construct an index of labor quality

for each industry by state. Griliches has done this in his studies of
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9 . . L e
the 2 digit manufacturing industries. On the basis of his findings

he concludes that his results ..underscore the importance of labor-

10
quality differences in accounting for differences in productivity."

However, adequate data on the occupational distribution of the labor
force in construction by state, which is needed for such an index of

labor quality are not available.

..

A second modification to the basic model, developed by Solow
and others, attempts to adjust for the different ages - or vintages -
of capital.11 Liu and Hildebrand have proposed the ratio of net to
gross value of capital stock (R) as a proxy for capital vintage.l2
The higher R the newer the capital. Their hypothesis is that
technological change is embodied in new capital goods so that new
capital is also more capital. We introduce R 1into the Cobb-Douglas
model, augmenting capital as follows

V=AR - P (2.5)

This assumes that R and K have the same éxponent which

allows equation (2.5) to be rewritten as

v = A KB (2.5a)

Estimating equation (2.5a) will test the common exponent assumption
and allows the effect of R to be estimated separately.

A final modification to the basic . to introduce regional
dummy variables. Many factors which affect ennstruction -- such as
building design, size of establishment, skill composition of labor,
degree of unionization and of urbanization, climate, building materials
prices, output prices, to only name a few -- vary by geographic region.

If these factors have an important effect upon production in our
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industries but are not incorporated in our models then our models are
misspecified. The use of regional dummies will reduce this specifica-
tion error, but unfortunately will not identify the influence of any

particular geographic factor.

4. The CES Form

A major problem associated with the Cobb-Douglas form is
that the elasticity of substitution is restricted to one. In the

CES form
V= y[6K° + (1= 81?7 (2.6)

P 1is the substitution parameter where o = 1%5, y 1is the efficiency
parameter, § 1is the distribution parameter, and v 1is the scale
parameter. If p =0 then o =1 and the function reduces to the
Cobb-Douglas form. Direct estimate of the CES form is difficult
since it is non-linear in the parameters. However Kmenta has de-
veloped a linear approximation of the CES by taking loéarithms and

expanding a Taylor series around p = 0.12 The approximation is
Log V = Log Y + 8LogK + v(1 - 8)Log L -
1 2
5P v8(1 = 6)[10og K - log L] (2.7)

In addition to providing an estimate of o, estimation of
this equation provides a test of the Cobb-Douglas form. If p =0
then ¢ =1 and the coefficient of the last term will not be
significantly different from zero. Such a test is weak since the
value of the coefficient also depends on the value of 6. Since

1/2 and the 6(1 - §) terms are fractions the value of the coef-
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ficient is likely to be low. Additionally o¢ is estimated as

a second order parameter since its value is derived from the value
of p. To illustrate if V=1, § = .3, (1 -6) = .7, and p =1

(0 = .5) then the coefficient is quite small (equal to -.105).

With a small sample size or with data containing measurement error
it is likely that the standard error will be large. Another problem
associated with using this approximation is that the estimate of o
becomes worse as p departs from a value near zero.

The original method of estimating the elasticity of sub-
stitution introduced by Arrow, Chenery, Minhas and Solow (ACMS)
provides another means of testing the Cobb-Douglas assumption. The
ACMS method, which assumes constant returns to scale, is based on
the marginal productivity condition derived from profit maximization.

The estimating equation is
Log V/L = a + b Log w/p (2.9)

where b is the elasticity of substitution and w/p is the real
wage. This method is also weak since it has been shown that for
cross section data b may often be biased toward one.13 This is
true for example, if labor quality, output price, or the efficiency
parameter vary over observations. We will again use regional
dummies to examine this problem. Since these sources of bias may
be geographic we would expect the estimate of b to be lower when

regional dummies are included.

ACMS derived the CES function by first observing the strong
empirical relationship between V/L and the real wage. Liu and

Hildebrand have criticized this approach by arguing that V/L is
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not only a function of the real wage but also of the amount of

capital per worker. They estimated
Log V/L = a + b Log(w/p) + c Log (K/L) (2.11)

for 17 two digit manufacturing industries and for the majority of the
industries obtained significant coefficients for c.14 This equa-
tion leads to a variable elasticity of substitution (VES) form. It
is beyond the scope of this study to fully develop a VES model.
However a rough estimate of the elasticity of substitution can be
derived from the coefficients of equation 2.11 and data on the share
of capital.15

One of the major reasons for interest in the elasticity

of substitution between capital and labor is the relationship o

has to the demand for labor. The wage elasticity of demand for
labor has two components, the substitution effect which occurs as
capitol is substituted for labor and the output effect which depends
upon the output price elasticity of demand.16 Minasian has shown
that under the ACMS assumptions o 1is the wage elasticity of demand
with output held constant. When output is allowed to vary o
represents the substitution component of the wage elasticity of
demand for labor, and represents a lower bound estimate of this
elasticity.17 Thus a o0 < 1 not only implies that a relative wage

increase will increase the labor share of output, but also that the

wage elasticity of demand for labor may be inelastic. 4 complete

study of the demand for labor in construction is again beyond the
scope of this study. However, to supplement our estimates of the

elasticity of substitution we will estimate a simple demand for labor
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function. From the marginal productivity conditions on labor the
demand for labor is a function of the wage rate, output, and the price
of capital. Our estimating equation modifies this by excluding the

price of capital. Thus we will estimate

Log L =a+bLlog W+ c Log V (2.12)

where b 1is the wage elasticity of demand for labor with output

held constant.
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CHAPTER III

THE DATA AND THE VARIABLES

In this chapter our main purpose is to define the variables
and to describe the characteristics of the Contract Construction
Industries in greater detail. We begin with a general description
of the 1972 Census of Construction Industries (Census) and briefly
compare the type of information which it provides to data from other
sources. Next, in section 2 we define the variables which will be
used in the study. We conclude, in section 3, with a description of
how these variables differ between industries, regiomns, by size, and

by degree of urbanization.

1. The 1972 Census of Construction Industries

The 1972 Census of Construction Industries is the second such
census since the end of World War II. It is superior to the pre-
vious 1967 Census because it is the first census to contain data
on the gross and net book value of capital assets. It also uses
the new 1972 SIC industry definitions. The main advantage of these
definitions over the previous 1967 SIC definitions is that the
general contracting industries are ndw split up into a larger
number of industries which correspond more closely to the type of

construction which they perform. The Census also furnishes data

26
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on total construction receipts, value added, payrolls, employment,
the number of establishments, equipment rental, and material and sub-
contracting payments. The Census is based upon information provided
by all construction establishments with ten or more employees, and
from a sample of smaller construction establishments with payroll.
Other federal records were used to compile information on the very small
"non-employer" establishments with no payroll. We have already
briefly discussed in Chapter II how the 1972 SIC classification is
based upon specialization within the sector. Table 3.1 lists the
industries included in the Census and presents U.S. summary statistics
for construction establishments with payroll.

From Table 3.1 we see that in 1972 there were approximately
437,941 construction industry establishments with payroll compared with
368,771 such establishments in 1967. Approximately 30 percent of
the establishments are general building contractors, 6 percent gen-
eral heavy construction contractors, 61 percent special trade con-
tractors, and 2 percent subdividers and developers.2 Nét construction
amounted to over $11.2 billion, 30 percent of which went to general
building contractors (including subdividers and developers), 23 per-
cent to general heavy construction contractors, 47 percent to special
trade contractors. Value added was nearly $68.2 billion and total pay-
roll slightly over $40 billion. The census reported a total average
employment of over 4.1 million workers. Special trade contractors
employed the most workers (nearly 51 percent), followed by general
building contractors (28 percent), general heavy construction con-
tractors (20 percent) and subdividers and developers (1.5 percent).

The year 1972 had a boom in residential construction with

approximately 1.3 million single family and 1 million multiple unit
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TABLE 3.1

U.S. SUMMARY STATISTICS FOR THE
CONTRACT CONSTRUCTION INDUSTRIES, 1972

1912
T
Totat Nusiber of esuloyees Payroil Receipts duing year | Net
numbet of N I . lonshuclion
1917 establish- et
‘ A Con-tsction | Tatat Conshiuchion Tati Tatil
$1¢ Industey group nd wndustiy nents employees wakeis payroll workers *recemls Constct.on !
code relewt
i Zents
(veige) I (average) t G
| —
'
A ! [ i c D i 3 | F [ H
CONSTRUCTION INDUSTRIES AND SUBDIVIDERS .
AND DEVELOPERS, TOTAL 437 91 & 145 779 3 486 592 | 40 004 782 32 187 130 | 155 849 652 | 149 429 496 111 232 17,
15,16,
7 |CONSTRUCTION INDUSTRIES, TOTAL.................. 430 027 | & 083 465 3 464 203 | 39 528 036 ¢ 32 035 697|152 721 579 ' 148 110 817 | 110 715 923
15 GENFRAL BUILDING CONTRACTURS AND OPLRATIVE !
52 BUTLDRRS. ... 1)) 05 1 149 520 937 771 | 10 159 240 7739 7197 4 349 92) 61 865 2951 1y 245 Jl.\|
1521 GHNERAL CONTRACTORS - =S IM: 4 : ’
1531 OPFRATIVE KULIDFKS. A 90 207 469 152 365 778 3 w60 727 2 4b4 262 25 122 o8l 23 161 742 e lbs 22
1522 CENEMAL CONTRACTORS- - RES D IAL BUILDINGCS, |
OTHFR THAN SINGLE-FAMILY................... 7 651 112 215 9% 627 977 707 771 876 6 525 533 6 407 131 3033 312
154 CENFRAI CONTRACTORS - -NONRES [ DENT 1AL i
BULIDINGS:
541 INDUSTRIAL BUILDINGS AND WAREHOUSI 9 518 17) 094 144 625 1729 634 1 356 140 | 8 666 746 8 507 370 4 805 838
1542 NONRESIDENTIAL BUILDINGS, N.E.C.. 25 658 395 059 332 241 3991 172 3 147 519‘ 24 034 963 23 789 051 11 151 896
16 HEAVY CONSTRUCTION GENERAI CONTRACTORS. 27 991 827 346 709 306 9 255 25} 7 537 155 31 460 896 30 S1a 009 | 25 357 lO)i
1611 HIGHWAY AND STREET CONSTRUCTION. . 9232 278 107 264 292 | 2 B4b 063 2 b4 B18 | 11 325 982 | 11 005 402 8 986 451
162 Huvv fomnu(“rmﬂ FXCEPT uunm\
1622 TV
1 294 53 710 42 366 589 670 498 749 2 282 232 2 233 369 1 780 057
1623 HATE! SEWER, AND 9 355 209 318 184 199 2 154 000 1 798 102 6 369 576 6 227 482 5 28 010
1629 HEAVY CMSTRUCTION N E.C 8 110 286 211 233 449 | 3 665 520 2 875 686 | 11 483 106 11 047 756 ' 8 962 585
'
17 SPECTAL. TRADE CONTRACTORS 208 9R2 2 106 599 1817 126 )20 113 543 16 758 545 56 910 760 55 731 514 ! 52 113 507|
171 PIUMBING, HEATING, AND AIR CONDITIONIN 53 01 456 100 371 113 | 4 787 958 3 809 878 15 615 4b8 15 321 135 | 13 594 125,
1721 PAINTING, PAPFR HANGING, AND DECORATING. 29 011 136 575 125 807 1 080 729 961 2011 2 405 714 2 182 301 2 290 258,
mmn ELECTRICAL WORK........co0utnnrinonaann 32 455 323 748 271 441 3 792 082 3151 047 I 9 608 035 9 448 881 9 229 309
174 MASONRY, PLASTERINC, AND TU1IFE SETTING: ‘
1741 MASONRY , STONE SETTING , AND OTHER STONFWORK 2) A9 165 S80 156 195 11310 777 1 199 012 3 104 947 3 085 799 2 9y o
1762 PIASTERING, DRYWAIL., AND INSUIATION wW( . 13 415 170 J64 151 825 1 684 A75 1 44S5 728 4 195 295 4 084 687 3 539 335
1743 THRRAZZO, TILE, MARHLE, AND MOSAIC WORK... 4 270 30 874 26 600 260 053 213 419 716 892 703 114 i o84 738
178 CARVENTERING AND FLOOK}
1751 LARPENTERING. ... .. . 23 524 123 910 119 464 925 144 842 225 2 355 521 2 329 lLSi 2 128 203
1752 FLOOR LAYING AND OTMFR FLOORWOKK . . 9 052 Ll 262 36 402 367 077 291 384 1 209 945 1179 846 1132 194 .
|
1761 ROOFINC AND SHEET METAL WORK.... 18 535 158 051 1) 189 1 405 756 1137 273 3 999 9% 3 %0 14)! 3 752 108
17711 CONCRETE WORK 17 112 147 924 135 041 1197 016 1 045 342 3 699 141 3 650 J3R 3 452 )8
1781 WATEK WELL DRILLING..... ceen 4 159 17 136 14 598 125 147 101 907 996 965 5 171 923 428
179 MISCHITANLOUS wuul nw» CONTRACTORS : |
1791 STRUCTURAL § «T . 2 760 58 137 49 9Rr) 637 949 $34 096 1 496 417 1687 &6 1 JRS 610
1793 CIASS AND CuAH \-K\kh ...... . 2 459 20 023 14 175 190 447 133 aH7 657 352 393 658, 9R4 bL2
1794 EACAVATING AND FOUNDATION WORK . 15 981 104 9598 92 392 923 “hR 786 SK§ 3 054 467 2 95¢ 5310 2 722 914
1295 WRECKING AND DEMO! ITION WORK, . . 1627 9 067 7 54 80 173 b4 0nl 236 HI8 219 412 202 SR1 |
1796 INSTALLING BUILDINC EQUIPMENT, N E.C . 1 945 38 956 31 058 517 966 406 V&6 1 457 818 1 408 192 1 369 214
1799 SPECIAL TRADE CONTRACTORS, N.E.C. . 15 420 101 294 82 899 826 328 635 758 2 5640 138 2 440 265 2 264 o58
6552 |SURDIVIDERS AND DEVELOPERS, N.F.U 7 914 __ 62 )14 22 189 476 746 | 151 43} 3 128 073 1318 bl‘ll Sle 256

Note:
used in 1967.

Some of the 1972 industry definitions are different from those
Where applicable, the 1967 data shown in this table

were developed by retabulating the original information to approximate

the new definitions.

1Combined because of misclassification problems within these two in-
"General Contractors,
Single-Family Houses and Operative Builders (SIC 1521/1531)."

dustries.

See Industry Series Report C72-1-2,
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TABLE 3.1 (Continued

1972-Continued 1967
Selected payments Value added Total Deoreciable assets Rental All Total Vaiue added
cap:tal gavments for empicyees construction
rtenals, Const:uction e::ﬂ:r:lws Gross book Net vaue '::;nmery receipts ls'iln
components, | work sub- T than vaiue at atend of cqupment C
and suppiies contiacted n end of year yeas B code
1o others (F-1-)) (average)
| J K L ] N 0 P Q R
46 426 441 | 38 197 317 | 68 197 327 3 871 388 23 238 226 12 054 282 1 972 054 3 436 265 92 588 002 | 42 322 697
15,16
46 084 702 | 37 394 894 | 67 809 926 | 3 653 222 | 22 331 682 | 11 405 576 1 945 271 3 413 757 | 92 113 437 | 42 165 324 17
16 414 029 | 28 619 981 | 17 883 856 895 325 4 998 988 3 149 327 339 619 938 043 | 36 925 654 | 10 891 353 | 15
7 723 579 8897 475 | "7 069 570 S11 579 2 419 962 1 711 637 60 536 306 385 12 025 240 *3 910 677 {gg}
1 589 863 3 373 819 1 561 851 63 220 400 441 270 036 40 597 61 442 2 708 839 686 370 | 1522
154
2 213 309 3 701 532 2 751 905 97 248 699 057 386 673 92 513 184 960 6 700 474 2 120 302 | 1541
4 887 278 12 647 155 6 500 530 223 278 1 479 528 780 981 165 973 385 256 15 491 101 4 174 004 | 1542
10 103 694 S 156 906 16 200 296 1 429 874 9 399 199 3 995 227 1 091 666 792 926 21 562 953 11 439 684 | 16
3 468 714 2 018 951 , 5 818 317 688 463 4 649 351 1 822 418 523 288 255 177 7 711 858 3 929 002 | 1611
- 162
838 892 453 312 970 028 81 002 568 005 223 723 57 868 56 718 1 606 558 747 346 | 1622
1 900 404 599 472 3 869 710G 351 136 2 028 677 941 274 260 159 187 L84 4 229 522 2 604 465 | 1655
3 875 684 2 085 171 5 522 251 309 273 2 153 166 1 007 812 250 351 292 945 8 015 015 4 158 771 | 1629
19 566 979 3 618 0C7 33 725 774 1 328 023 7 933 495 4 261 022 513 986 1 682 767 33 624 701 19 834 248 | 17
6 093 928 1 727 010 7 794 530 222 285 1 498 811 807 105 59 520 369 131 9 932 963 4 758 236 | 1711
474 S14 92 043 1 839 157 35 810 254 102 151 049 12 917 139 196 1 766 017 1 363 309 | 1721
3 591 892 219 512 5 796 631 126 739 860 171 455 230 38 028 204 960 5 891 261 3 449 512 | 1731
174
940 S 107 677 2 056 925 66 275 357 335 209 340 24 705 144 935 1 952 216 1 308 714 | 1761
1 365 138 245 352 2 584 805 56 848 410 874 248 221 19 513 116 753 2 028 651 1 254 132 ] 174
279 118 18 376 419 398 8 823 70 409 36 544 1419 32 167 555 714 324 769 | 1743
175
649 595 200 942 1 504 984 34 391 170 392 104 354 11 232 82 354 1 207 693 796 928 | 1751
516 918 43 652 649 375 14 441 90 013 51 099 1735 38 459 762 005 433 246 | 1752
1 663 849 188 13% 2 347 983 68 317 4R8 912 258 326 14 164 133 147 2 1384 265 1 4146 565 | 1761
1 359 862 197 990 2 161 289 132 804 707 39 363 977 63 501 114 879° 2 126 761 1243 873 | 1771
220 075 11 043 325 847 47 238 261 987 138 31 4 042 14 196 318 690 190 033 | 1781
179
411 301 72 226 1 012 890 45 797 273 928 143 352 34 13% ‘41 515 ‘731 914 “$s1 110 | 1791
307 561 9 016 340 775 9 508 68 391 39 255 1172 12 220 274 191 161 672 | 1793
632 601 233 617 2 188 249 359 &4 1 814 402 936 612 173 188 77 520 1 652 031 1 218 999 1794
26 489 16 831 195 353 17 «79 88 842 45 322 18 858 10 218 161 457 146 711 1795
420 621 58 978 978 219 17 638 140 443 64 290 11 883 25 176 6464 758 434 642 1796
815 172 175 607 1 549 359 64 356 376 889 208 623 23 975 65 481 1233 133 785 867 | 1799
41 739 802 423 *387 401 218 166 906 544 648 706 26 783 22 508 474 565 157 373 | 5552

"Value added" equals "total receipts" less "land receipts" less "total
selected payments." '"Land receipts" for SIC 1521 and SIC 1531 combined
were $1,432,057(000) and for SIC 6552 were $1,596,510(000).

3Not comparable to the SIC 1521 and SIC 1531 industry report because
land receipts were not taken into consideration when calculating value
added for each state. In 1967 land receipts amounted to $620,935(000).

4Identifying code number, 1971, for this industry is the same for 1972
as 1967, but the data are not exactly comparable. Special trade con-
tractors primarily engaged in nonbuilding construction and classified
in major group 16 in 1967 are now included in the appropriate in-
dustry in major group 17.
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housing starts. But most categories of non-residential construction
. . 3 .

declined in real terms from 1971. We may also see a changing com-

position of demand in Table 3.2 which compares the distribution of

total construction receipts by type of construction for both 1967 and

1972.

Table 3.2. Distribution of Total Construction Receipts by Type of
Construction, 1967 and 19721

Type of Percentage of Total Construction Receipts
Construction 1967 1972
Residential

building 27.5 33.1
Non-residential

building 41.4 38.8

Heavy

Construction 25.9 24.5

Not Classified 5.2 3.7

lSource: Same as Table 3.1. 1967 data uses 1972 SIC classification.

The 1972 Census is particularly useful as a source of information
about the construction sector because it provides the first complete
set of disaggregated output and input data. Prior construction
statistics on output are not comparable with input statistics. The
Bureau of the Census collects and reports statistics on construction
activity, but this measure -- value of construction put in place --
includes forced account construction, which is performed’by owners
who hire their own labor rather than hire firms classified in the con-
tract construction industries. Employment information collected by
the Bureau of Labor Statistics measures employment in contract con-

struction only. When output is disaggregated it is classified by type
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of construction (residential, commercial, highways, etc.) or by type
of ownership (private residential, private nonresidential, public).
Employment information is disaggregated by skill or trade (carpenters,
electricians, masons, etc.). Information on capital assets (for con-
struction corporations only) are available from the Internal Renevue
Service, which also measures output as business receipts in contract

. 4
construction. Separate output and employment data are also published

by the Bureau of the Census in County Business Patterns, based

primarily upon Social Security Administration information.

These statistical problems have hindered economic analysis
of production in the construction sector. The only previous study
of U.S. construction using the production function approach is a
time series study by Cassimates.5 It is an aggregate study. Due
to the data limitations Cassimates was only able to estimate pro-
duction functions for the contract construction as a whole. Time
series data are strongly influenced by cyclical phenomenona.6 Con-
struction activity is strongly cyclical. Until recentl§ private
residential construction has generally been countercyclical, rising
during recessions and falling during booms. Private nonresidential
construction generally moves with the business cycle. Although these
two types of cycle tend to cancel out the composition of construction
output is constantly changing. This changing composition of output
as well as the changing physical characteristics of the various types
of construction over time have hindered the development of appropriate
price indexes to deflate the aggregate construction output, although
some progress has been made in this area by Gordon.7 Thus the informa-

tion provided by the Census is particularly useful since it lessens some



32

of these statistical problems and allows production function
analysis at a disaggregate level. Of course, numerous statistical
problems associated with using the Census remain.
2. The Variables

The basic variables in this study are defined on a per
establishment basis for the 4 digit industries listed in Table 3.1.
Observations are by state, but for many industries data is not
available for each state. Two 4 digit industries were excluded
from the study: Industry 1799, Special Trade Contractors, not else-

where classified,was excluded since it is a miscellaneous '"catch all',

Industry 6552, Subdividers and Developers was excluded after obtaining
poor results in preliminary calculations. One problem was the
relatively small number of observations in this industry. More
serious however, was the manner in which the census obtained value
added. Value added was obtained by subtracting land receipts as

well as materials and subcontracting payments from total receipts.
However after this subtraction, value added is smaller éhan total
payroll! One possible explanation for this result is that establish-

ments in this industry inflated land receipts which qualify as

capital gains. In addition, data for Industry 1521, General Con-
tractors for Single Family Housing and Industry 1531, Operative
Builders are combined. During its review of the final industry re-
ports, the Census Bureau discovered that approximately 30% of the
establishments_classified in industry 1521 should have been classified
as Operative Builders, but no reclassification was made. Both
industries predominantly build single family houses including row-
houses and townhouses. Operative Builders are classified separately

since they engage in construction for sale on their own account
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rather than as contractors. Speculative builders and condominium

developers are also included in this industry.

LT

LC

LA

PW

wC

WA

The variables and derived variables which we will use are:

Total number of establishments. The Census defines construction
establishment as '"a relatively permanent office or other place
of business at which ... usual business activities related to
construction are conducted'. State observations are divided

by N to give a per establishment average.

Average number of all employees. This is the average number
of all paid employees (permanent and temporary, full-time and
part-time) on the establishment payroll on the 12th of March,
May, August, and November. Excluded are all salaried officers
and executives of corporations, and if unincorporated the pro-
prietors or partners.

Average number of construction workers. This is the average
of all paid construction workers including supervisors through
working foremen on the establishment payroll on the 12th of
March, May, August, and November.

Average number of non-construction workers. Defined as LT - LC.

Adjusted Labor input. This is defined as the total payroll
divided by the construction worker payroll times LC. This
adjustment converts non-construction workers into construction
worker equivalents in order to partially allow for quality dif-
ferences due to differences in the mix of construction/non-
construction workers between states.

Total payroll.

Average construction worker wage. The ratio of the total con-
struction worker payroll to LC.

Average non-construction worker wage. Defined as the ratio of
the difference between the total payroll and the total con-
struction worker payroll to LA.

Total establishment receipts. Includes receipts from non-
construction activities such as land sales, rental of equipment,
engineering and architecturer's fees.

Total construction receipts. Includes receipts from new con-
struction and from maintenance and repair. Also includes
receipts from the sale of buildings less the value of land.

Materials payments. Payments for the purchase of all materials,
components, supplies, and fuel by the establishment.
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S = Subcontracting payments. Payments for construction work sub-
contracted to other establishments. This includes payment for
all materials, supplies, and components used by the subcon-
tractor.

V = Value added. Defined as (Q - M - S).

Y = Gross output. Defined as (V + M).

GK = Gross book value of capital assets (at acquisition cost).

NK = Net book value of capital assets. Defined as GK less
accumulated depreciation.

FK = Capital services. A proxy derived by assuming a 15% rate of
depreciation on GK and a 6% rate of return to GK. Thus
capital services from owned capital is 21% times GK. Rental
payments for equipment and machinery is added to this amount
to obtain FK.

R = The ratio of net to gross value of capital stock. A proxy
for capital "vintage'".

E,C,S,W = Regional dummy variables where E is the Northeastern, C
the North Central, S the Southern, and W the Western Census
regions.9

U = Degree of urbanization. This is the proportion of the state

population living in Standard Metropolitan Statistical Areas
(SMSA) according to the 1970 Census of Population. For those
states with no SMSA (Vermont, Wyoming, Alaska) U was set to
.01, For the District of Columbia U as assigned the value

1.

3. Detailed Characteristics of the Construction Industries

In this section we describe in greater detail some of the

important characteristics of the 4 digit construction industries. We

find that specific characteristics such as size, or the relative

importance of the different inputs vary a great deal both between

industries and in the same industry for different geographic regions.
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a. Local Nature of Construction

One characteristic which was stressed in Chapter II was the
local nature of construction. In 1972 only 12.7 percent of the total
construction receipts for all of construction were received for work
performed by establishments outside their home state, and much of that
in border areas. A more detailed breakdown, by 4 digit industry, is
listed in Table 3.3. The percentage of receipts obtained outside of
the home state for the special trade contractors and single family con-
tractors is much less than for other general building/heavy construction
contractors. Receipts from outside the home state are higher for heavy
contractors, and to a lesser extent the general building contractors
(other than single family residences) due primarily to the size and
complexity of the work being performed. The market for suppliers of
the larger, more complex projects which require special skills (such
as dams, utility plants, refineries, hospitals, etc.) may often
encompass more than one state and for some types of construction (i.e.

nuclear power plants) may be very large.

b. Size of establishment

One way to measure size of firm is to look at total receipts,
while another is to look at the number of employees per establishment.
Although we have already noted in Chapter II that the size of the
majority of the firms in construction is small, there is a wide
diversity in size for each industry. Small firms are more numerous
but larger firms account for the majority of total receipts.

According to the 1972 Census there were 920,806 establishments in

1972, but the majority (482,865) were 'non-employers' with no pay-
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TABLE 3.3
CONSTRUCTION ACTIVITY OUTSIDE OF HOME STATE

Percent of construc-

1521/1531 tion receipts earned
Single Family outside home state
Houses/Operat {ve
Builders
4.0
1522
Other Residen-
tial Buildings 12.6
1541
Industrial Buildings
17.1
1542
Other Non-residential
Buildings 13.4
1611.
Highways and
Streetg 12.0
1622
Bridge/Tunnel/Elevated Highway 24.4
1623
Water/Sewer/
Utility Lines 15.9
1629
Other Heavy
Construction 52.9
1711
Plumbing/Heating/
Air Conditioning 6.1
1721
Painting/Pater Hanging 7.2
1731
Electrical Work 6.8
1741 6.6
Masonry/Stonework .
1742
Plastering/Drywall/Insulation 8.9
1743
Tile/Marble/Mosaic Work 6.8
1751
Carpentering 4.1
1752
Floorwork 5.2
1761
Roofing/Sheet Metal 7.4
171
Concrete Work 5.1
1781
Water Well Drilling 5.9
1791 2
Structural Stcel 18.7
11973
Glass & Glazing 4.6
1794
Excavat fon/ 5.1
_Foundations
1795
Wrecking/
Demolition 8.7
1796
Equipment 11.6
Installation

L1n dollars; 2Based upon preliminary Census Report.
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roll. They accounted for only 5 percent of total receipts. Al-
though less than 2 percent of the establishments reported receipts

over $2,500,000 in 1972 they accounted for 44 percent of receipts of

all construction establishments. Various measures of establishment
size by 4 digit industryare presented in Table 3.4, primarily using
the number of employees and total construction receipts as proxies.
Table 3.4 also presents the average construction wage for each in-
dustry. Not unexpectedly, we find that the heavy contractors
are largest using either size measure. General building contractors,
except single family residence contractors, are next while the
special trade contractors (with a few exceptions) are smallest. Con-
struction wages roughly follow the same pattern, being relatively
high for heavy contractors and somewhat lower for general building
contractors. Wages for workers employed by the single family
residence contractors are especially low. This probably reflects
both lower skill requirements and a smaller amount of unionization
in this industry. There is a wide range in the construction wage for
the special trade contractors with the lesser skilled trades such as
carpenters or painters at the low end, and the more highly skilled
trade such as equipment installers or electricians at the high end.
In comparing size neither number of employees nor total
construction receipts per establishment are perfect measures. This
is especially true for employment by the general building contractors.
A particularly high proportion of che;r total construction receipts
is paid out to subcontractors, thus lowering their average number of

employees.



38

1997 L

€eT 621

626°9

99

91

HI0MOUO0IS/ATUOSL
874

609°‘TT

8ET 162

SL6°6

8L

114

ydoM [BOT13Da[Y
18T

0Y9°L

L1128

80L"Y

s

01

Bui8uvy aa3eq/uriurey
121

99201

999 L8T

LSS°8

SL

1C

dutuoTITpPUO) ITV
/3urieay/3urqunig
11T

81€°CT

6€2°79€°1

162°S¢

96

Lz

uoT3IdNIISUO)
Aaeal 13yiQ
6791

29L°6

¥89°G99

SLe e

16

A

SSUTT ATTTYIN
/13mag/1aieyn
€291

0€5'01

W6°SeL‘T

L0S°TY

96

199

089°6

€60°26T°T

ZAS Y

56

9%

Kemy3ry pa23ieaalg/1auuny/adprag

2791
CEEERETS

pue sdemy8iy
‘1191

656

6ST°LT6

L6E°ST

68

0t

s3urpring
TBTIUaPISaI-UON 13Y3lQ
A2

LLe‘6

Sv6°168

8%1°81

L8

LE

sBurprIng Teyiisnpug
17914

(ST1°8

LA MA:]

£99°91

S8

1t

s3urprIng eyl
-U3pIsay 13YylQ
zest

LEL 9

79L°9ST

102°S

%S

1T

SI13prIng
aariexadg/sasnoy

0

Au

INAWHSTTEVLISI ¥3d JOVM NOILONYLSNOD ANV

11

s9akordwa aiow 10 QT
Y3i}m sjusuysyiqeisa
103 s3idyadaa £i3
SNpul JO U314

s33fordwa azom 10

0T Y3TA sjuamysyy
-qe3sa JO JUIIIIG

‘$1d130M

A1ruweg ay8ursg
TEST/TZST

NOILONYLISNOD TVIOL *SYTNHOM 40 WIGWNIN FOVYIAV ONIAMNIONI ‘RYISNANT A4 SOILSI¥ILIVEVHD 3ZIS

v°'¢ 414vl



39

*310day snsua) Laxeuymyraad uodn vmmmmm ¢saerrop :Ha
- - - uorjerre3suy

%L0°ET 900°%¢L 620°0¢C 06 18 Juaudinby
96.1
v6%°8 €Y9°€Te 628°8 7L X4 uoF3ITTOWaq
/3urdaay
S6L1
S6v '8 200°S8T  6%S°9 <9 91 SuoTITpUNO]
/uorleaedxy
96(1

LT%°6 [%42 §74 [XASE] 99 97
3urzers ® ssers

€161 .

870701 LL8706% ¢L8°6T 16 8y
21°21S 1E1INn3IDNI3g
T6LT
6869 LEY8ZT 0zT"Y A 6 SurITaQ [T°M 193EpM
18:74 8
A7 A got "S0¢ tet's 0L 02 }10M @3310u0)
TLLT
SLY°8 %8S ZTC L7S°8 €L €2 Te33K 399ys/3urjooy
19LT

008 668°6¢C1 068°% 6S €T
jaomiooTg
2SLT
%6l L TIO 66 L9C°S 9§ 11 8uriajuadae)
1SYA
4208 ¥99°99T  0£Z°L <9 61 AION OTESON/3TqIEN/ATEL
€EvL1
7Ts°6 (8%°90€  00L°ZT z8 og UOFITINSul/Tremkig/3uriaserq

(A 740

(Panurijuod) 4°'¢ FTGVL



40

When we compare both size measures by census region in Table
3.5, we also find that the two measures do not always agree. For
example, the South has the highest number of employees per establish-
ment in 11 of 24 industries and the lowest number in only 3 industries.
When we look at total construction receipts per establishment, receipts
are highest in only 2 industries (1611, General highway contractors and
1522 General Building contractors of multiresidential buildings) but

lowest in 12. Although there are a number of factors which probably con-

tribute to this difference,a major reason for the large number of
workers in the South is due to the low wage for construction workers.
In all 24 industries the construction wage (WC) is lowest in the
South. Table 3.5 also separates the number of workers (LT) into con-
struction (LC) and non-construction worker (LA) and additionally pre-
sents the non-construction worker wage (WA). Although WA is also
lowest in the South for 20 of 24 industries LA is high in only 2
(1522, 1611) but low in 14 industries. The other regions do not dis-
play the divergence in employment between LA and LC. Fér the South
at least LA appears to be more consistent with construction receipts
as a measure of size than LC. Quite a few industries are large in the
East by either measure (LT is largest in 11 industries while total

construction receipts is largest in 12 industries).

c. Diversity of Operations

One particularly striking featuke is the wide variance in these
size statistics between regions. For example in Table 3.5 we see that
bridge, tunnel, and elevated highway contractors (industry 1622) in
the East employ nearly three times as many employees as they do in

the West. We can attribute this difference in employment to a number
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TABLE 3.5
NUMBER OF WORKERS, CONSTRUCTION WORKERS,
AND NONCONSTRUCTION WORKERS, WAGES, AND
TOTAL CONSTRUCTION RECEIPTS BY INDUSTRY AND CENSUS REGION

EAST
1521/1531 wl wl !
Single Family LT Lc LA A ¢
Houses/Operat {ve
Builders 4.176 3.100 1.076 7,480 7,236 189,408
1522
Other Residen-
tial Buildings 11.159 9.237 1.922 13,090 9,382 784,420
1541
Industrial
ustrial Buildings 13.658 11.012  2.646 13,782 10,098 749,093
1542
Other Non-residential
Buildings 15.446  12.855 2.591 14,712 11,098 1,012,258
1611
Highways and
Streets : 22.916  19.889 3.027 14,146 11,304 908,881
1622
Bridge/Tunnel/Elevated Highway73.801 66.350  7.451 15,552 9,993 3,283,650
1623
Water/Sewer/
Ut1lite Linea 29.271  25.991  3.280 16,543 11,021 891,130
1629
Other Heavy
Construction 55.343  42.551 12.792 14,801 14,052 2,007,046
1711
Plumbing/Heating/
Air Conditioning 8.157 6.566 1.591 12,023 11,283 291,566
1721
Painting/Pater Hanging 4.279 3.922 357 11,477 7.6% ke
1731
Electrical Work 9.964 8.352 1.612 13,352 13,037 313,160
1741
Masonry/Stonework 7.655 7.111 .544 12,803 8,819 164,245
1742
Plastering/Drywall/Insulation 14.943 13.131 1.812 14,543 10,956 391,304
1743
Tile/Marble/Mosaic Work 8.941 7.602 1.339 15,015 9,092 209,185
1751 -
Carpentering 4.544 4.159 -385 10,229 7,825 96,306
1752
F1
oorwork 4.805 3.991 .814 9,345 8,602 131,537
1761
Roofing/Sheet Metal 7.638 6.391 1.247 11,387 9,668 199,104
1771
Concrete Work 8.369  7.603 .766 12,743 9,264 225,735
1781
Water Well Drilling 4. 494 3.775 .719 10,821 8,991 149,833
1791 2
s
tructural Steel 22.175  19.000 3.175 14,128 11,875 688,279
11973
Glass & Glazing
8.733 6.313 2.421 10,074 9,848 261,822
1794
Excavation/
,686
_Found 6.956 6.045 .910 11,575 9,584 205
1795
Wrecking/
Demolition 10.237 8.535 1.702 11,598 10,043 253,282
1796
Equipment 25.752  19.838 5.914 14,192 13,861 930,934

Installat{on

11n dollars;

2Based upon preliminary Census Report.
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1521/1531 NORTH CENTRAL
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(Continued)

Single Family LT LC LA YA e ¢
Houses/Operative
Builders 4.470 3.474 .996 10,264 7,434 239,574
1522
Other Residen-
tial Buildings 12.283  9.815  2.468 12,185 10,107 808,131
1541
Indust
ustrial Buildings 17.666 14.182  3.484 14,097 10,984 979,580
1542
Other Non-residential
Buildings 16.057 11,583  2.474 13,892 10,262 858,440
1611
Highways and
Streety d 28.826 24.949  3.877 15,279 11,306 1,240,557
1622
Bridge/Tunnel/Elevated Highway3p 025 27,578  4.447 15,103 11,650 1,354,088
1623
Water/Sewer/
_Utility Lines 18.983 16.683  2.300 15,056 11,587 648,770
1629
Other Heavy
Construction 24.011  20.484 3.527 15,105 13,005 906,655
1711
Plumbing/Heating/
Afr Conditioning 8.215  6.532 1.683 11,477 11,891 293,361
1721
Painting/Pater Hanging 4.437 4.050 .387 11,657 8,801 83,140
1731
Electrical Work 9.800  8.071 1.729 12,591 12,979 299,778
1741
Masonry/Stonework 6.745  6.301 L4466 12,324 9,017 148,085
1742
Plastering/Drywall/Tnsulation 11.028  9.727 1.301 13,603 10,504 280,216
1743
Tile/Marble/Mosaic Work 7.537  6.201  1.336 12,160 9,657 186,922
1751
Carpentering 5.490  5.071 .419 10,821 9,083 120,283
1752
Floorwork 4.778  3.825 .953 10,250 8,985 128,736
1761
Roof{ng/Sheet Metal 8.670  7.271 1.399 12,33 9,776 233,938
1771
Concrete Work 6.804  6.144 .660 12,028 8,576 184,679
1781
Water Well Drilling
3.962 3.353 .601 10,281 7,411 133,069
1791
Structural Steel2
18.506  16.052 2.454 11,488 11,620 415,325
1973
Glass & Glazing
8.093  5.459  2.634 10,391 9,919 227,619
1794
Excavation/
Foundat {ons 5.738  5.061 .677 12,230 9,126 163,975
1795
Wrecking/
Demolition 8.109  6.578 1.531 10,527 8,203 214,404
1796
Equi
quipment 17.854  14.449 3.405 13,974 13,757 669,121

Installation

lin dollars;

2Based upon preliminary Census Report.
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TH
1521/1531 SOV - L LA W, we c
Single Family
Houses/Operative
Butiders 6.058  4.762  1.296 8,929 5,653 259,568
1522

iden-
Sirirnﬁifdlsgs 20.075 17.388  2.687 10,9046 6,654 977,482
1541
Industrial Buildings 24.677  21.569 3.108 11,465 7,797 966,267
1542
Other Non-residential
Buildings 17.630 15.191  2.439 12,404 7,618 910,867
1611
Highways and 37.416  33.415  4.001 13,041 7,029 1,300,660
Streets
1622
Bridge/Tunnel/Elevated Highway 43.663 38.328  5.335 12,710 7,959 1,583,878
1623
Water/Sewer/
_Util4ty Lines 24.554  22.022  2.532 12,236 7,447 596,765
1629
Other Heavy
Construct fon 31.601 26.972  4.629 14,685 10,328 1,135,979
1711
Plumbing/Heating/
Afr Conditioning 9.006  7.529  1.477 11,122 8,014 266,577
1721
Painting/Pater Hanging 5.236  4.902 .332 10,556  6.255 77,738
1731
Electrical Work 10.447  8.974  1.473 11,376 9,130 257,023
1741
Masonry/Stoncwork 6.688  6.429 .259 11,724 5,975 89,624
1742

_Plastering/Drywall/Insulacioq 12-170 10.892  1.278 11,677 7,774 250,800

1743 “‘
Tile/Marble/Mosaic Work 6.729  5.960 .769 9,611 6,516 135,737
1751
Carpentering 4.857  4.599 258 7,791 5,347 68,494
1752
Floorwork
4.664  3.911 .753 8,536 6,288 109,048
1761
Roofing/Sheet Metal 9.247 8.061  1.186 10,297 6,514 187,263
1771
Concrete Work 9.763  9.036 .727 10,528 5,737 192,166
1781 T
Water Well Drilling 4.113  3.560  .553 7,884 5,809 121,887
1791 ,
Structural Steel 18.830  16.414  2.416 12,167 9,032 347,614
1973 T
GClass & Glazing
o . 8.494  6.274 _ 2.220 9,406 8,223 241,320
1794
Excavation/
7.363  6.617 .746 10,087 6,537 \
_Foundat {onsg 3 179,885
1795

Wrecking/

Demolition 8.025  6.895 1.130 8,268 5,803 145,343
1796

Equipment

Installat fon 16.288  13.479  2.809 12,757 11,259 533,617

1

In dollars; 2Based upon preliminary Census Report.



TABLE 1.5 (Continued)

1521/1531  WEST

a4

Single Family LT LC LA WA we c
Houses/Operative
Builders 5.720 4.322 1.398 10,697 8,005 361,952
1522
Other Residen-
tial Buildings 12.444  10.496 1.948 11,437 9,026 715,223
1541
Industrial Bui
rial Bufldings 11.842  9.467  2.375 14,135 10,625 786,788
1542
Other Non-residential
Buildings 13.475  11.330 2.145 13,399 10,166 947,381
1611
Highways and
Streets 27.680  24.181 3,499 14,955 11,955 1,251,112
1622
Bridge/Tunnel/Flevated Highway25-605 22.817 2.788 15,471 12,926 1,270,384
1623
Water/Sewer/
Utility Lines 16.691  13.724 2.967 14,156 11,893 624,799
1629
Other Heavy
Construction 43.798  33.789 10.009 15,383 13,559 2,019,871
1711
Plumbing/Heat ing/
Air Conditioning 8.812 7.107 1.705 11,526 11,411 316,656
1721
Painting/Pater Hanging 4.775 4.347 428 11,176 9,107 101, 602
1731
Electrical Work 9.377 7.676 1.701 11,755 12,694 310,150
1741
Masonry/Stonework 6.862 6.446 .416 11,323 8,564 164,732
1742
Plastering/Drywall/Insulation 13.652  12.345 1.307 12,296 10,002 351,100
1743 -
Tile/Marble/Mosaic Work _  6.715  5.683  1.032 11,779 9,435 181,480
1751
f;;genfef‘ns 7.561 7.065 .496 10,667 7,971 155,343
Floorwork
5.490  4.471 1.019 10,553 8,962 164,505
1761
Roofing/Sheet Metal 8.442  7.068  1.374 14,936 8,791 251,970
1771 }
Concrete Work 8.652 7.870 .782 12,028 8,373 235,406
1781
Water Well D
_ rilling 4.077 3.428 .649 8,236 7,107 116,197
1791
Structural Stnel2
21.012  16.975 4.037 12,497 11,275 636,400
1973 Tt o
Glass & Glazing
_ - — 7.167 4.867 2.300 9,373 10,209 232,995
1794
Excavation/
_Foundat fons ) 6.148 5.490 .658 11,878 9,391 202,609
1795 -
Wrecking/
Demolition 7.879 6.468 1.411 10,475 8,543 221,915
1796
Equipment
23.078  18.055 5.023 16,352 13,371 910,784

Installation

1

In dollars; 2Based upon preliminary Census Report.
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of factors. The demand for bridges, tunnels, and elevated highways

is apparently larger in the East. Total construction receipts are over
twice as large in the East as in the West. There is also a diversity
of operation between the two regions. We can illustrate this in

table 3.6.

Table 3.6. Factor Payments as a Share of Total Construction Receipts
for Industry 1622

Region v/C PW/C M/C FK/C s/cC
East L4641 277 .402 .051 .176
West .523 .266 .272 .077 .257

We see that payrolls as a share of total construction receipts are
nearly the same in the two regions. This helps to explain the difference
in employment given the difference in total construction receipts be-
tween the two regions, although another factor is probably the higher
construction wage in the West. There are a number of other differences
between the two regions. More work is subcontracted in. the West while
materials payments are larger in the East. We may also illustrate

these differences by looking at input ratios in table 3.7.

Table 3.7 Input Ratios for Industry 1622

Region FK/LT M/LT M/FK S/LT S/M S/FK
East 2.281 17.873 7.836 7.847 .439 3.440
West 3.823 13.475  3.524  12.745 .946 3.333

The West is more capital intensive relative to labor and materials while
the East is more material intensive relative to labor, capital, and sub-

contracting.
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We have illustrated differences in operation in one industry
between regions. We will examine the reason for such regional dif-
ferences later. There are even larger differences between our in-
dividual 4 digit industries.

Some rely heavily on subcontracting while for others capital
is important. Table 3.8 gives us some idea of this diversity by show-
ing value added, payroll capital services, materials, and subcon-
tracting payments (as the share of total construction receipts). There
is particularly wide range in the ratio of value added to total con-
struction receipts with the smallest being for general building con-
tractors and the largest for the special trade contractors. This dif-
ference is primarily due to subcontracting. The subcontracting share
is around 40-50 percent for general building contractors while the
material payments share is another 20-30 percent. The payroll share
is particularly small, generally less than 20 percent. This pattern
is reversed for heavy contractors where both the material and payroll
share exceed subcontracting. The payroll share is gene;ally high and
the subcontracting share low for the special trade contractors. The
share of capital services is especially low -- less than 3 percent for
most industries -- but is important for heavy contractors and certain
special trade contractors (Concrete Work, Water Well Drilling,
Structural Steel Erection, Excavating and Foundation Work, and Wrecking
and Demolition).

These differences between the general building and the heavy
construction contractors, and between types of subcontractor stem in
part from the construction process associated with each type of con-

struction. For the heavy contractors and those special trade contractors
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TABLE 3.8
VALUE ADDED, PAYROLL, MATERIALS, CAPITAL,
AND SUBCONTRACTING PAYMENTS AS A SHARE OF
TOTAL CONSTRUCTION RECEIPTS, BY INDUSTRY

1521/1531

Single Family v/c PW/C M/C FK/C  s/c

Houses/Operative
Builders .305 .149 .333 .025 .384

1522
Other Residen-
tial Buildings 244 .153 .248 .020 .527

1541

Industrial Buildings 324 203 260 026 435

1542
Other Non-residential
Buildings .273 .168 .205 .020 .532

1611

Highways and 0530  .259 .315 .136 .183
Streets

1622
Bridge/Tunnel/Elevated Highway -434 -264 -385 -079 -203

1623
Water/Sewer/

Utility Lines .621 . 346 . 305 .110 .096

1629
Other Heavy
Construction .500 .332 .351 .064 .189

1711
Plumbing/Heating/
Air Conditioning .509 .313 .398 .024 .113

1721
Painting/Pater Hanging .772 454 .199 .028 .039

1731
Electrical Work .613 .401 .380 .023 .023

1741
Masonry/Stonework .667 425 .305 .032 .035

1742
Plastering/Drywall/Tnsulation .633 W412 L334 .026 . 060

1743
Tile/Marble/Mosaic Work .596 .370 .397 .023 .026

1751
Carpentering .646 .397 .279 .020 .086

1752
Floorwork .552  .312  .440  .018  .037

1761
Roofing/Sheet Metal .596 .357 .372 .030 .048

1771
Concrete Work .587 .328 .373 .058 .054

1781
Water Well Drilling .610 .234 .412 .111 .021

1791 1
Structural Stcel .702 .446 .280 .062 .047

71973

Gl & Glazi
ase aring .574 .321 .518 .026 .015

1794

Excavatfon/ 740 .312 .214  .187  .079
— Foundatfons _

1795
Wrecking/

Demolition .890 .365 .112 .171 .077

1796
Equipment

Installatfon .695  .368  .299  .029  .042

Based upon preliminary Census Report.
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in which capital is important, skilled workers operate expensive equip-
ment to move earth or handle bulky material which is general is not
highly fabricated. In many cases fuel costs are an important component
of the total materials cost. In building construction highly skilled
workers often work by hand, use small power tools, and deal with
materials which are more highly fabrictaed. The larger diversity of
skills in building construction account for the greater amount of sub-
contracting by general building contractors. Another factor is that
skill requirements differ by types of construction. The Bureau of Labor
Statistics (BLS) has estimated that about 60-70 percent of the total

on site manhours in building construction is skilled, while about 40
percent of total on site manhours are skilled for heaving construction.
Skill requirements for selected types of construction are given in

table 3.9.10

Table 3.9 Percent distribution of onsite man-hours for selected types of construction, by occupation, various years

Residential Commercial . Heavy construction
Private . Elementary Federally B
Occupation single- Public and sccondary | Hospitals, aided Civil works, Sewer
family housing, schools, 1965-66 highways, lund projects, lines,
houses, 1968 1964 -65 1970 1959 - 60 1962-63
1969
All occupations 100 100 100 100 100 100 100
Supervisory, professional,
technical, and clerical 3 4 4 3 6 10 10
Skilled trades! ... ... 69 64 64 70 47 41 27
Bricklayers 6 8 9 N .-- -cs |
Carpenters 35 20 17 13 6 (2)
Electricians 3 6 7 10 1 . 2
Operating engineers 2 3 3 2 25 24 20
Plumbers . . .. .. 4 9 10 16 (2) . (2)
Semiskilled and unskilled
workers! ... L. 28 32 3 26 47 49 63
Helpers and tenders 14 7 7 6 .- 1 2
Laborers . .. ... 14 23 24 19 34 22 43
Truckdnivers . .. 1 2 1 1 1 14 4
1 May include data for workers in occupations not shown NOTE: Because of rounding, sums of individual items may not
separately. cqual totals,

Less than 0.8 percent.,
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Regional differences in share payments are presented in
Table3.10. The subcontracting share is highest in the West,
especially for the general building and heavy contractor industries
where this share is highest in 7 of the 8 industries. The materials
share is highest in the South and lowest in the East (both in 14
of the 24 industries). The payroll share is highest in the East
and North Central regions and lowest in the South and West. Another
way to look at this regional diversity is to examine input ratios
for each census region, which we do in Table 3.11.

Perhaps the most striking feature of these statistics is
something we have noticed before in our discussion on size. This
is the high degree of labor intensity in the South. In comparison
to the other regions in the South the capital/labor ratio is lowest
in 17 industries, the material/labor ratio lowest in 12 industries,
and the subcontracting/labor ratio lowest in 13 industries. In
contrast the West is the least labor intensive. Compared to the
other regions the capital/labor ratio is highest in 13-industries,
the material labor ratio highest in 15 industries and the sub-
contracting/labor ratio highest in 14 industries. Other patterns
which are apparent from the input ratios are that the South tends
to be material intensive relative to subcontracting and capital and
the West least material inten sive in comparison to the other regions.

Such diversity between industries and regions illustrates
some of the complexity of the sector. On balance we may consider
the differences in the various input ratios between regions to be
good since this allows identification of the production function.

But we have also learned that there are differences between regions
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TABLE 3.10
VALUE ADDED, PAYROLL, MATERIALS, CAPITAL,
AND SUBCONTRACTING PAYMENTS AS A SHARE OF
TOTAL CONSTRUCTION RECEIPTS, BY INDUSTRY AND CENSUS REGION.

EAST
1521/1531
Single Family v/c  PW/C M/C  FR/C  S/C
Houses/Operative
Builders .331 .168 .350 .029 .334
1522
Other Residen-
tial Buildings .248 .143 .216 .019 .549
1561
Industrial Buildings 350 .206  .204  .024 463
1542
Other Non-residential
Buildings .290 179 .180 .020 .538
1611
Highvays and .568  .294  .309  .131  .160
Streets
1622
Bridge/Tunnel/Elevated Highway - 441 -217 -402 -051 -176
1623
Water/Sewer/ 7
Utility Lines .672 .382 .256 .100 .093
1629
Other Heavy
Construction .553 .392 2313 047 172
1711
Plumbing/Heat ing/
Air Conditioning .523 .320 .351 .023 .143
1721
Painting/Pater Hanging .794 456 .183 .024 .034
1731
Flectrical Work .640 416 . 349 .018 .024
1741
Masonry/Stonework .677 424 .297 .030 .033
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