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ABSTRACT Dist special

Between 1978 and 1985, municipal governments and
private industry will spend about $111 billion dollars
on construction of new facilities to reduce air and
water pollution as mandated by the EPA. This report
presents estimates of how these projected expenditures
will affect the total level of construction and how
employment, wages, interest rates, and other variables
will respond to the change in construction output.
Effects on employment in selected sub-classes of the
construction industry were also estimated.

The response of the construction industry to increased
spending for pollution control was estimated by use of
an econometric model of the industry. The model,
developed for this study, was simulated to predict the
effects of projected spending through 1985,

The results suggest that construction output will rise
by less than the EPA mandated expenditure. The differ-
ence is due, in part, to displacement of spending that
local governments would otherwise have done and, in
part, to absorption of the increase by rising wages and
prices in construction. There is also some displace-
ment of industrial expenditures for pollution abatement
because of the increased cost of building a new plant,

The results also suggest that employment in the
construction industry is increased. Employment of
young, black, inexperienced workers increases more than
would be expected based on their representation in the
construction labor force.
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INTRODUCTION

Between 1978 and 1985, industry and municipalities are
expected to spend about $111 billion to comply with air
and water pollution control laws. Of this amount, 73
percent will be spent by private industry, and 27 per-
cent will be spent by public agencies. Much of the
public spending will be made under EPA's construction
grants program which provides matching funds for con-
struction of municipal sewer systems.

Whether private or public, a great deal of the spend-
ing will be for new construction, We estimate that
from 1976 to 1985 about 75 percent of expenditures for
reducing industrial pollution, and more than 85 percent
of expenditures made under the program of construction
grants to municipalities will go directly for construc-
tion., Although this is one of the largest public works
programs ever undertaken, the added construction demand
will not be massive in comparison to total construc-
tion; it will amount to only about 5 percent of total
construction in 1983 and about 10 percent of nonresi-
dential construction. Yet, it could have important
effects on specific categories of construction. Indus-
trial construction mandated by requirements for pollu-
tion abatement is predicted, in 1983, to be about 28
percent of total industrial construction. The addition
to state and local construction is projected to be
about 6 percent of what would have been undertaken
otherwise.

This report was commissioned by the Environmental
Protection Agency to estimate how the expenditures
mandated by pollution control laws will affect the
construction industry. Of particular interest are

the effects on new construction of specific types,

on employment in particular construction trades, on
workers with particular characteristics, on construc~
tion prices, on construction wages, and on the costs
of borrowing. One major issue was whether the added
expenditures on construction would be realized in added
output or would be absorbed by increases in wages,
prices, and borrowing costs. A second major issue was
whether local governments and private industry would
reduce their own construction to undertake the added
construction., A third major issue was whether employ-
ment gains would be concentrated among high-wage
workers with high seniority or among younger,
inexperienced workers.
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Determination of how the industry will respond to
changing demands involved development and estimation of
an econometric model of the construction industry and
related markets. This model was used to form what are
called BASELINE projections of construction, construc-
tion prices, wages, interest rates, and other variables
of importance under the assumption of "low" spending on
pollution abatement., More specifically, these projec-
tions incorporate no expenditures by industry to meet
federal standards, For construction grants, funds
authorized under the 1972 legislation are included in
the baseline, but no funds authorized after that. Once
these projections were made, the added construction
requirements derived from EPA requirements and grants
were added to form forecasts termed ACTUAL. By compar-
ing BASELINE and ACTUAL, the incremental effects could
be measured. Both projections were based on the values
of a number of variables determined outside the model.
The predicted values of these exogenous variables were
estimated for EPA by Data Resources Inc.

In some instances, information was needed that was too
detailed to be obtained from an aggregate econometric
model. 1In particular, we wanted to know what kinds of
workers were employed in construction because of the
added construction demand: experienced or inexperi-
enced, young or old, locals or outsiders, white or non-
white. To obtain this detail, we used the LEED file, a
set of data drawn from Social Security records, which
provides information on individual workers.

The Econometric Model

The econometric model of the construction industry has
4 sectors: (1) private construction, (2) state and
local construction, (3) labor, (4) financial markets,
Within each sector is further detail., For example, the
private construction sector includes four types of
private construction: industrial, commercial, public
utilities, and residential.

In the discussion of each sector, we describe first
the modeling of demand and its estimation and then the
modeling of supply and its estimation. 1In every case,
data sources and the specific measurement of variables
used in this analysis are described in detail.

The first sector, private construction, includes
equations describing demand for the stock of struc-

tures of different types, identities relating these
stocks to the demand for new construction, and
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equations describing how the price of each type of
structure is determined.

The sector describing the state and local construction
is intentionally divided into unequal categories. One
category includes only sewer systems, a major focus of
this study. The other cateqory includes all other
state and local construction. The equations used to
determine price and quantity of state and local con-
struction in these categories are similar to those used
in describing the private sector.

The labor sector includes a demand for labor estimated
in such a way as to allow prediction of demands for
specific trades. These demands depend on the wage
relative to the price of new construction, on the
amount of new construction (in 1972 dollars), and on
the mix of new construction between different types of
structure. Equations are also included to describe the
determination of wages and unemployment.

The financial sector describes how interest rates are
determined for taxable and tax exempt bonds, home mort-
gages, and short term business loans. These interest
rates are explained as functions of expected rates of
inflation and liquidity. The level of debt, in turn,
depends on investment, one component of which is
investment by business and municipalities to abate
pollution.

Findings

The added demand for construction because of environ-
mental grants and regulations will range from about
$2.2 billion (1972 dollars) in 1978 to about $5.8
billion in 1983, Total constant dollar construction
will increase by less (about $1 billion in 1978 and
$3.6 billion in 1983) because other construction is
displaced. The displacement occurs because of
increases in wages and interest rates and because
federal construction grants support some projects that
the communities would have undertaken on their own.
The added demand for construction will raise actual
construction by about .8 percent in 1978. 1In 1983, the
increase will be 2.3 percent. These percentage
increases would have been greater except that environ-
mental demands displace other construction to some
extent. We estimate displacement in 1978 and 1983 as
about 1 percent and 1.4 percent, respectively.
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Because of the added demand, employment in construction
will be about .78 percent higher in 1978 and about 2.4 .
percent higher in 1983.

_ Wages also will be increased but not by so much as

i employment. The largest wage increase is about .8 per-
4 cent., The price of new construction will be increased
by no more than .6 percent, but the increase will be
permanent, Interest rates on corporate bonds will be
raised by about 1 percent (e.g., from 8.26 to 8.34) in
1982 through 1985. The yield on municipal bonds will
be raised by as much as 1.3 percent in this period.

e

From an analysis of data on individual workers, we are
able to describe how an employment change will be
distributed among workers with different characteris-
i tics. We find that about 33 percent of the increased
employment will consist of entry level workers, those
with little or no experience; about 33 percent will be
workers less than 24 years old; workers already in the
community will account for 54 percent of the increase
in employment, the rest being accounted for by workers
moving in and by commuters. Fourteen percent of the
employment increase will be nonwhite workers. The .
added employment of these groups will be more than pro-
portional to their existing representation in employ-
ment,

i isnies
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For a more detailed summary of results, see the
"Findings" chapter. A summary organized to facilitate
generalization of our results is given in the impact
handbook--the last chapter.
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THE ECONOMETRIC MODEL

This chapter provides a detailed description of the
econometric model of the construction industry and
related markets, The description includes background
on each sector, the specification of equations to be
estimated, the description of data sources, and the
results of estimation.

THE CONSTRUCTION MARKET

The construction industry provides a wide variety of
products, including houses, industrial plants, office
buildings, and other commercial strucutures, and power
plants. Much construction, for example, sewers, dams,
highways, and oil derricks, is not buildings at all,
What justifies considering construction as an industry
despite the variety of products is that the different
types of construction use many of the same factors of
production. Both residential construction and sewage
treatment plant construction make heavy use of carpen-
ters. All types of construction make some use of
earthmoving equipment and most projects make some use
of concrete.

If construction is counted as a single industry, it is
a large one. The value of construction put in place in
1976 was about three times the output of the basic
steel industry and about one and one-half times as
large as the auto industry. Since 1947, construction
output has grown with about the same trend as GNP. In
1947, construction was 8.6 percent of GNP, 1In 1975, it
was 8.7 percent.

Yet the growth of construction put in place has not
been steady. Though public construction has grown
smoothly, both private residential construction and
private nonresidential construction have varied marked-
ly about their trends as illustrated in figure 1.

One explanation for this cyclical variation is that the
demand for industrial construction depends not on the
level of manufacturing output but on its chanae.

This derived demand introduces an "acceleration"
effect, so that the demand for construction changes
much more drastically than changes in manufacturing

17his discussion ignores construction to replace
depreciation in the stock of structures, though this
depreciation is included in the statistical analysis.
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activity, If industrial production rises in one year,
new industrial capacity will be needed, and manufactur-
ers will demand new construction., If industrial pro-
duction is constant in the next year, the demand for
new capacity will drop off to nothing. The cyclical
variation of construction activity is reinforced by
cyclical changes in interest rates; high interest rates
have a well-known dampening effect on demand for new
construction, and interest rates typically rise late in
a business cycle and remain high through the early
stages of recession.

Some caution is called for in interpreting the results
of a model such as this one which describes construc-
tion as a single, national market. 1In contrast to man-
ufacturing, construction is a local industry. Only
rarely are structures shipped. Prices need not be the
same in different localities if certain scarce factors,
such as skilled labor, are slow to move. The model
describes an average of the behavior of all regions,
ignoring any difference between regions.

How Business is Done

Most construction is custom made. The buyer decides on
a project, has an architectural-engineering firm design
it and designates a general contractor to manage the
project. For public projects the general contractor is
selected by competitive bidding. For private projects,
competitive bidding is common, although, buyers some-
times negotiate directly with a single contractor.

The general contractor is a middleman. He quotes a
fixed price for a project, then hires workers or sub-
contracts parts of the job to firms who actually do the
construction. Since his margin is only about 10 to 15
percent of the value of the building, he can easily
lose his profit if costs rise unexpectedly or if work
drags on much longer than expected. The fixed price
suggests that changes in the general contractor's costs
will not be passed immediately into changes in the
price paid by the buyer, Of course, some allowance
must be made for possible future cost increases, such
as new wage settlements, but these developments are not

IMuch of the material in this section is drawn from
Stephen Sobotka and Company, and McKee-Berger-Mansueto,
Inc., The Economic Impact on the Construction Industry
of Additional Demands Caused by New Environmental
Protection Standards, prepared for Environmental
Protection Agency, Dec. 29, 1972, pp. 16-35.
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known in advance, so whatever adjustments are necessary
must be based on forecasts from current costs. When
the chance of a labor shortage or large wage settlement
is unusually great, general contractors are said to
"overcompensate." This means, for example, that if
there is a 50-50 chance of a wage increase of 20 per-
cent, the price of the building quoted to the buyer
will be higher than what is needed to cover the 10 per-
cent wage increase expected on the average. For a
small general contractor, it is easy to understand the
overcompensation: he may have great trouble recovering
from one large loss.

Because his profit is a relatively small part of the
total cost, the general contractor can not, on his own,
vary the price sharply in response to demand. Even if
his margin drops sharply, the effect on the final price
will be small, Therefore, the supply of new construc-
tion (defined so as to hold constant the prices of
purchased inputs) must be quite elastic., If construc-
tion prices are to respond to demand, the prices of
inputs must also respond.

The general contractor usually subcontracts part of the
building to special trade contractors. These are com-
panies specializing in supplying a particular type of
skilled construction worker. Special trade firms
include electrical, plumbing, and cement work.

Note that the organization of the construction industry
is different from that of manufacturing, In manufac-
turing, all workers engaged at one site will work for
the same firm. 1In construction, each project will
involve a number of independent firms. Largely, this
is because structures are not built to standard speci-
fications. Construction firms can not hire a large
group of workers to repeat a simple job, as in mass
production processes. Instead, they must collect a
slightly different work force capable of following
unique specifications each time a new project is under-
taken. By contrast, the special trades firm can con-
centrate on a given process for meeting different
specifications, thereby reducing the breadth of skills
required of each worker and still providing both the
worker and the general contractor with the flexibility
to meet specifications that vary from project to
project.

Degree of Competition

It is difficult to determine whether a given industry
is monopolistic, competitive, or falls somewhere in
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between. There are no definitive tests. The price and
output of a monopolist will look, to the outsider, much
like that of a perfect competitor. Characterizing an
industry as monopolistic or competitive provides an
interpretation of the industry's actions but is not of
great use in predicting how it will behave. Throughout
this study, the assumption of competitive markets will
be used as a maintained hypothesis.

The competitive hypothesis is consistent with avail-
able evidence. 1If concentration is measured as the
share of output produced by large firms, construction
must be counted as one of the least concentrated of
American industries. Small firms with fewer than 10
workers account for more than 20 percent of the busi-
ness, and the median firm size is less than 50
workers,

One intuitively appealing indicator of competition is
the degree to which the industry is made up of corpora-
tions. Most construction firms (78 percent in 1973)
are sole proprietorships and partnerships, though the
share of corporations is growing. While the corpora-
tions are much larger and hence account for a dispro-
portionate amount of the business, the role of pro-
prietorships is much larger here than in manufactur-
ing.

Another indicator of the degree of competition is the
rate of entry and exit. From 1972 to 1973 when output
grew by 1.5 percent, the number of firms in contract
construction grew by 8 percent.

The average firm size, the importance of sole pro-
prietors and partnerships, and the rate of entry and
exit suggest that the construction industry is competi-
tive., Even if the small firms are large relative to
the size of their local market, factors of production
can move and firms can accept jobs outside their base
area. Local monopolies seem unlikely to persist.

The degree of concentration in construction differs by
subindustry. The firms likely to build sewer lines and
sewage treatment plants are in relatively concentrated
subindustries of construction. 1In construction as a
whole, small firms (those with fewer than 10 employees)
account for over 20 percent of the business. In sub-
industry 1623, which includes sewer line construction,
the corresponding figure is less than 10 percent. 1In
subindustry 1629, which includes construction of sewage
treatment plants, only 4.9 percent of the business is
done by small firms.
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There may also be relatively few firms capable of
working on large public projects. When a contractor
undertakes a large project, he must put up a perform-
ance bond which excludes bidders of limited assets.

The bond ensures that there will be enough money

to finish the project if the general contractor becomes
bankrupt before the project is done. Few firms have
enough credit to put up the necessary bond for a large
project.

All things taken together, the numbers indicate that
the construction industry is competitive, but the parts
of the industry that make sewers and treatment plants
may be less so. Still, there is no way of knowing how
competitive the specific subindustries are. It is not
even clear that imperfect competition can exist in the
subindustries; after all, resources are mobile, and if
a large firm is required, smaller firms can combine.
Moreover, there is no clear evidence that an industry
of large firms acts differently from an industry of
small firms. Therefore, we proceed as if the industry
is competitive,

THE DEMAND FOR STRUCTURES: PRIVATE

In this section we describe the derivation of equations
for the demands for different types of structures. The
demand equations will later be estimated using annual
date series data. Subsequent sections describe the
data used for estimation and the results.

The demand equations are derived from the assumption
that structures are intermediate products used in a
production process. The demand for new structures is
derived from the change in this stock and the rate of
depreciation.

Because structures are considered intermediate goods,
the functional form of the demand curve follows from
the explicit production function and the assumption
about the behavior of firms., We assume that the
production function of products using structures as
inputs is described by a constant elasticity of
substitution production function.

We assume too that firms choose their desired level of
input use so as to maximize profits, taking as given
the prices of inputs and output. These assumptions
result in an equation for the desired quantity of
structures. This equation is then modified to reflect
gradual adjustment of the actual to the desired stock.
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The desired stock and the adjustment mechanism are
described in the following two equations:

Desired Stock of Structures

* =
log(Ki) a + f log(Qi) +'vlog(Pi/Vi) + 5 log(xi)
where

K; the desired stock of structure i at the
current period

the output of the production process using
structure i as an input

the price of Qi

the user cost of structure i, described
more fully below

X = other exogenous variables

Partial Adjustmentl

log(Ki) - log(LXi) = x[log(LK;) - log(LK;)] (2)

where

Ki the actual stock of structure i

LKi the stock of structure i one year
earlier

LK* = the desired stock of structures one year
earlier

The demand for structures, taking into account gradual
adjustment, is the combination of (1) and (2) above.
Equation (3) describes this demand.

lNote that the partial adjustment mechanism used here
introduces one more lag than usual. This is to account
for the time required for actual construction.




Demand for Structures

LPi
log(Ki) = a' 4+ g log(LQi) + ¢' log V;_ (3)

+ 3 log(LXi) + 1og(in)

where

a' = al

8' = B

Y o=

8 = &\

n = 1-A

L has the effect of lagging the variable one

period.

The demand for new construction is derived using the
stock demand (eguation (3)) and the identity shown in
equation (4):

Ki = LKi + Ci — BLKi (4)

The identity states that the capital stock at the end
of the period (Kj) is equal to the stock carried
over from the previous period (LKj), plus new con-
struction during the current period (Cj), less the
depreciation of the old capital stock. Depreciation
is assumed to be a constant (@) multiplied by the
previous stock.

One of the variables determining the demand for
structures, the user cost of construction, requires
further explanation. The user cost is the portion of
an asset's cost which can be attributed to use during
the current year, that is, interest expense and depre-
ciation, User cost, therefore, is

u; = V; (r+e) (5)

where

r = interest rate
9 = the rate of depreciation
vi = current purchase price of the asset

This formula, used in this study, does not account for
capital gains on the asset or the effect of deprecia-
tion on income tax.
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Disaggregation of Demand

Separate demand equations are estimated for four
different types of private structures:

® industrial
® commercial
® utilities

® residential

The total private demand for structures is the sum of
these demands. For residential structures, which are
not used in production, some modification of the basic
model is required. We use an equation similar in form
to that used for industrial structures, except that
the price of output is replaced by the consumer price
index for all commodities except shelter (an index of
the price of substitutes) and the output of the
production process is replaced by real disposable
income.

Measurement of Variables

To estimate the demand equation shown in equation (3),
data are required on the stock of structures of
individual types, the user cost of structures,

the price of output for which the structure is an
input, the quantity of output and the exogenous
variables, Our estimates make use of annual, national
data from 1948 to 1975.

The Stock of Structures

The stock of structures, of each type, is a created
variable built up from new construction and a stock of
structures in 1946. The stock of structures in the
next year, 1947, is built by adding new construction
and subtracting depreciation on the first year stock.
Stocks for subsequent years are built the same way.
For each year, stock is measured at the end of the
calendar year.

The capital stock measures are based on the physical
quantity of new construction. The guantity is mea-

sured as the value of new construction put in place

measured in 1972 dollars; i.e., the value in current
dollars divided by the GNP deflator for that type of
construction, base 1972.
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Clearly, the units of this quantity measure are not

square feet or some other physical unit. 1Instead, the
units are 1972 dollars, the current base of the GNP |
deflators. Nevertheless, this is a bona-fide quantity |
measure, since it is expenditure (PQ) divided by a - &
measure of price (P).

Measures of the capital stocks were constructed for
each of the types of construction discussed in this
paper. Table 1 describes the sources of data on the i
initial capital stocks and the rate of depreciation.

In addition to the data listed in the table, the
calculation of the capital stock requires new con-
struction in 1972 dollars for specific categories of
structure. These figures are from Construction
Review,

Data for 1972 to 1976 are from the June-July 1977
issue. For 1947 to 1971, data are from the December
1976 issue. The latter figures, quoted in 1967
dollars, were converted to 1972 dollars.

The Price of Structures ;f

To measure the price (or replacement cost) of new il
structures, the GNP deflator for that type of struc- = f
ture was used. This deflator is the ratio of new

construction put in place, in current dollars, to new

construction put in place in constant dollars, as

reported in the GNP accounts under purchases of struc-

tures by type, or in Construction Review and in other

Department of Commerce publications. Forming the

deflator in this way simply recovers whatever price .
index was originally used to deflate current to

constant dollars. The individual deflators have been

criticized on grounds that they were little more than

a weighted average of materials prices and wage rates

and did not capture gains in productivity or represent

ly.s. Department of Commerce, Domestic and Interna-

tional Business Administration and Bureau of Domestic

Commerce, Construction Review, December 1976 (Vol. 22, .
No. 10), pp. 7-10. Construction Review, June-July

1977, pp. 21-25.
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