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Abstract

This study characterizes the construction labor pool, and carries out preliminary work toward
an estimation of the supply and demand for construction labor. Specifically, it evaluates the
composition of the construction labor force by race, age, educational attainment, union
membership and employer type, and how that composition is changing over time. It also
identifies which industries are most closely related to construction, and estimates labor flows
over time by race, place of birth, and age. Finally, the report makes a preliminary evaluation
of how skills have changed in the construction labor force over time and how the skill level of
the construction labor force changes with changing wages.
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This study was conducted by the Applied Economics Office in the Engineering Laboratory at
the National Institute of Standards and Technology. The study characterizes several aspects of
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about the perceived decline in construction productivity, and standards development
organizations that produce standards used by the construction industry.
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Executive Summary

Construction is an engine of growth for the U.S. economy. Investment in plant and facilities,
in the form of construction activity, provides the basis for the production of goods and the
delivery of services. Investment in infrastructure promotes the smooth flow of goods and
services and the movement of individuals. Investment in housing accommodates new
households and allows existing households to expand or improve their housing. It is clear that
construction activities affect nearly every aspect of the U.S. economy and that the industry is
vital to the continued growth of the U.S. economy.

This study characterizes the construction labor supply, and in particular characterizes how it is
changing over time. This is a preliminary step toward estimating the supply and demand for
construction labor, which is itself part of an effort to understand changes in construction labor
productivity.

It was not possible to characterize all variables that correlate with either construction labor
supply or construction productivity due to limitations of both the data and time. The variables
that were analyzed were chosen based on three main considerations. First, variables were
selected based on data availability. Second, some variables were chosen because they have
been previously identified as potentially being associated with the changes in construction
productivity. Third, some variables are included because they may represent categories of
workers that may respond differently to price signals in the construction labor market.

Four basic questions are answered in this study. First, the supply pool from which
construction labor is drawn is identified. Second, composition of the work force is
characterized, and how it changes over time. Third, net labor flows by age are estimated for
several different groups within the construction labor force. Fourth, some specific issues
related to skilled labor within the construction labor force are evaluated.

Data for this study are primarily taken from the Current Population Survey (CPS) from 1994 —
2010.

First, the supply pool from which construction labor is drawn is identified. In particular, the
industries that are seen as approximate substitutes by construction workers, and those
industries with relatively large labor flows between it and construction are identified. The
main finding is that construction draws from a pool of industries that are low to medium
skilled and not necessarily closely related to construction like retail trade and food-service.
Closely related industries are usually either very small (in numbers of employees) or related to
a specialty occupation within construction (like administrative and support services).

To evaluate the composition of the work force and how it changes over time, several

characteristics are evaluated, including racial composition of the work force, which provides

some insight into the extent to which there is an influx of unskilled foreign workers into the
XV



labor pool. In an effort to estimate skills and changing skill levels, the educational composition
of the work force and changes in labor union membership are also evaluated. Finally, the age
distribution of the workforce is evaluated.

The biggest change in the labor force is that Hispanics (probably dominated by the foreign-
born) are growing rapidly. Union membership is declining. That means that the market for
skilled trades is changing. The nature of those changes, however, cannot be determined from
this data set. Lower skilled employees are the most susceptible to the business cycle. That
includes non-union members, younger and less educated workers, and Hispanics.

Detailed findings include:
e The construction market is seasonal, with peak employment in the summer.
e About 10 % of the construction labor force is female.

e Union membership is declining at an average rate of about 2.5 % per year. Union
membership is slightly countercyclical, which suggests that union members are slightly
less susceptible to the business cycle! than non-union members. However, it is possible
that the difference in susceptibility to the business cycle is due to demographic
characteristics (like age differences) rather than union membership.

e Over the long term, private employment and self-employment in construction are
increasing as a proportion of total employment, while government employment in
construction is decreasing. In fact, government employment in the construction sector
is decreasing in absolute terms. The business cycle affects private employment more
than the other sectors.

e As privately employed non-union members get older, many of them move into self-
employment. A similar process may be affecting privately employed union members as
well. Publically employed union members are a small but constant fraction of
construction workers, suggesting that such workers tend to stay put as they get older.

e The decline in union membership appears to be primarily due to younger cohorts
choosing not to join unions rather than to existing members dropping out.

e More recent cohorts appear to be less likely to be self-employed. An estimated 30 % of
people born in 1960 were likely to be self-employed at age 50, while only an estimated

! The business cycle “refers to economy-wide fluctuations in production or economic activity over several months
or years” (Business cycle. (2011, October 3). In Wikipedia, The Free Encyclopedia. Retrieved 13:25, October 4, 2011,
from http://en.wikipedia.org/w/index.php?title=Business cycle&oldid=453740220). The business cycle is to be
distinguished from seasonality (which is also analyzed here). Seasonality is the regular fluctuation for different
times of year, while the business cycle typically spans several years and includes recession and recovery.
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20 % of those born in 1990 will be self-employed at age 50. However, the shift in self-
employment probability is a reflection of the changes in the racial and educational
composition of the construction work-force. What is not clear is whether the changes in
self-employment probability are caused by the demographic changes, or whether they
are caused by other factors that correlate with the demographic changes.

Susceptibility to the business cycle decreases with age. The oldest groups are nearly
immune to the business cycle.

Hispanic men are entering construction at an increasing rate compared to white or
black men, while the likelihood of black men in construction is actually decreasing.
Nevertheless, White men still make up about 75 % of the construction labor force.

Hispanic men are more susceptible to the business cycle than black men, who in turn
are more susceptible to the business cycle than white men.

Initially, those with a high school education were the most likely to be in construction,
with men without a high school education second most likely. However, the likelihood
of a man without a high school education being in construction has increased at a faster
rate than the likelihood for a man with a high school education.

However, since the number of people with a high-school education greatly outnumbers
those without one, the number of people in construction with a high school education
still outnumbers those without one.

The greater the level of education, the less susceptible a person is to the business cycle.

Labor flows were estimated to evaluate issues regarding the aging of the work force, the

number of young people entering the industry, and shifts in the work force toward foreign

immigrants. The basic questions answered here is who is entering the work force, who is

leaving it, and when.

The bulk of entrants to the work force are younger than 25. In most years, young people

entering the industry outnumber older people leaving it. So concerns about gentrification of
the industry do not seem to be reflected in the data. Specific findings include:

The bulk of the inflow of white men to construction over the long term occurs before the
age of 21. In general, older worker are less susceptible to the business cycle than
younger workers. Above the age of 55, the impact of the business cycle has no
statistical effect on employment.

The bulk of the inflow of black men to construction over the long term occurs before the
age of 24. As usual, older worker are less susceptible to the business cycle than younger
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workers. Above the age of 55, the impact of the business cycle has no statistical effect
on employment.

The bulk of the inflow of US-born Hispanic men to construction over the long term
occurs before the age of 25. As usual, older workers are less susceptible to the business
cycle than younger workers. Above the age of 55, the impact of the business cycle has
no statistical effect on employment.

The rate of inflow of foreign-born Hispanic men to construction is decreasing with age.
However, inflow is still significant to the age of 55. The bulk of the inflow of foreign-
born Hispanic men to construction over the long term occurs before the age of 34.
Above the age of 55, the impact of the business cycle has no statistical effect on
employment.

There is a perception that the construction industry has difficulty attracting and retaining
skilled workers, and as a result faces a shortage of skilled workers. This problem is
exacerbated by a 30-year decline in real construction wages relative to workers in other

industries. This raises a number of economic questions that this report was intended, in part,
to address.

In competitive markets, shortages are resolved by increases in price. That raises the question

of why wages haven’t adjusted for the decline. If construction costs (including delay costs)

have increased, why haven’t wages? To address this, two questions were evaluated: to what

extent can a decline in skills be discerned in the data; and how does labor supply adjust to
changes in wage?

There is some support for the idea that there is a decline in skill level among the
construction labor force. Average normalized years of education for men in
construction at age 30 seems to decrease over time. Educational level also seems to be
inversely related to the business cycle. However, since a formal model of education
was not specified, these observations cannot be statistically tested.

Preliminary efforts to model supply and demand could not be statistically estimated.
The most likely reason for the failure is that an omitted variable correlates with both
wage and employment. The best candidate for such an omitted variable would be skill.
If wages correlate with skill (as seems reasonable) and if low-skill people are the last
hired and first fired, then the efforts to estimate supply and demand without taking into
account skill will fail.

When estimating labor supply directly from microeconomic data, the model finds that
correlation between the construction wage and the choice to work in construction is
negative. That implies that increases in construction wages are associated with people
selecting out of construction. That suggests that the skill premium is higher in other
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industries than in construction. So (all else equal) there are relatively few ‘highly
skilled” construction workers because such people can earn more in other industries—
presumably because they are more productive there.

There are a number of additional directions that would contribute to understanding the
construction labor market.

e Characterization at the regional / local level.

This report characterized labor supply at the national scale for the most part. However,
construction is primarily a local market and there will be aspects of the market that will
be obscured by looking at it nationally. For example, racial makeup (and probably
seasonality) clearly differs from region to region. So deepening the analysis to look at
the data at a regional scale would likely improve our understanding of the market.

¢ Supply and demand need to be estimated.

Estimating supply and demand functions for construction labor would help. That turns
out to be surprisingly difficult due to the high correlation between wages and
employment. During times of increasing employment, wages (presumably) increase,
but the people hired are at the low end of the wage scale while the people at the high
end of the wage scale are susceptible to poaching by other industries. Times of
decreasing employment present the reverse situation. That makes it difficult to tease
out the relationship between supply and wage holding all else constant. Completing
the task of estimating supply and demand will help fill in some of the missing pieces of
the picture of the construction labor market.

e Labor Unions

The perceived shortage in skilled labor is probably linked to the declines in union
membership. So to understand what is going on, more information is needed on the
place of unions in the market, why market share is declining (both from the supply side
with people choosing whether to join and from the demand side of builders choosing
whether to hire union labor), and what (if anything) is replacing unions in the
marketplace. So to better understand the nature of skilled-labor shortages (or lack
thereof) requires an understanding of the changing place of the trade unions in the
market.

e Wage trends for skilled craft workers v. general construction labor

The CPS data used to generate this report is not detailed enough to distinguish skilled
craft workers in construction from general laborers. It is possible that wages for general
construction labor are declining while “shortages” for skilled craft workers are causing
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their wages to increase. This could explain how there are “shortages” of skilled craft
workers alongside declining construction wages. One way of assessing this possibility
would be to look at the long-term trend of wages for craft workers versus general
construction labor. Such data does not exist in the CPS, so other data sources would
have to be found.

Labor flows by educational level

Expanding the analysis of labor flows to address educational levels would provide
additional insight into long-term changes in educational levels in people entering
construction.

Analysis by market segment

Eventually, this work needs to be done for different segments of the construction
market. Housing is such a large portion of the market that the results above are likely
dominated by that segment of the market. But other segments will likely be different.
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1. Introduction

Construction is an engine of growth for the U.S. economy. Investment in plant and facilities,
in the form of construction activity, provides the basis for the production of products and the
delivery of services. Investment in infrastructure promotes the smooth flow of goods and
services and the movement of individuals. Investment in housing accommodates new
households and allows existing households to expand or improve their housing. It is clear that
construction activities affect nearly every aspect of the U.S. economy and that the industry is
vital to the continued growth of the U.S. economy.

The construction industry’s contribution to gross domestic product (GDP) and employment in
2009 is shown in Table 1.2 In 2009 construction was still in decline following the 2007 to 2009
recession, and so the contribution of construction to GDP and employment was substantially
below its long-term average.

Table 1: Select 2009 Statistics for construction. Values are in Billions of Dollars unless otherwise stated.

Statistic Value
(billions)
Value of Construction put in place 937.21
Residential 28 %
Commercial / Industrial 35 %
Manufacturing 8 %
Public Works 29 %
US GDP 14,119.04
Construction Value Added 537.46
Percent of GDP 3.8 %
Total US Employment (millions) 137.775
Construction Employment 9.702
Percent of Total Employment 7.0 %

In spite of its importance to the economy, construction seems to be undergoing a long-term
decline in productivity3. To illustrate, Figure 1 shows the results of Teicholz* for construction
productivity growth over the last 40 years. He found that as measured by constant contract
dollars of new construction work per field work hour, labor productivity in the construction
industry has trended downward over the past 40 years at an average compound rate of -0.6 %

2 Thomas, D., 2010. “Methodology for Calculating Construction Industry Supply Chain Statistics.” NIST Special
Publication 1116. Gaithersburg, MD.

3 Not all researchers believe that construction productivity is in decline. For a discussion of the debate, see
Huang, Allison, Robert Chapman and David Butry. (2009) “Metrics and Tools for Measuring Construction
Productivity: Technical and Empirical Considerations.” NIST Special Publication 1101. Gaithersburg, MD.

4 From Teicholz, Paul. “Labor Productivity Declines in the Construction Industry: Causes and Remedies.”
AECbytes Viewpoint. Issue 4. April 14, 2004.
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per year. Reasons for the decline are debated, but some things that have been suggested as
possible reasons include® a shortage of skilled workers (and in particular skilled craft
workers), an aging work force, the possibility that fewer young people are entering the
industry, and the influx of unskilled labor from abroad.
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Figure 1: Labor Productivity index for the US Construction industry and all non-farm industries.¢

This study is intended as a preliminary step toward understanding the changes in construction
labor productivity. Since many of the factors believed to influence the changes in construction
productivity are related to changes in the construction labor supply, this study characterizes
construction labor supply, and in particular characterizes how it is changing over time. What
it does not do is characterize how these factors influence labor productivity. That is the subject
of future research.

It was not possible to characterize all variables that correlate with either construction labor
supply or construction productivity due to limitations of both the data and time. The variables
that were analyzed were chosen based on three main considerations. First, variables were
selected based on data availability. Construction sector is almost certainly a significant factor
in both labor supply and construction productivity. However, the data set used here contains
no information on the construction sector a worker is in. Second, some variables were chosen

5 Among other possible causes. For a more complete discussion of possible causes of the decline in productivity
see Huang, Allison, Robert Chapman and David Butry. (2009) “Metrics and Tools for Measuring Construction
Productivity: Technical and Empirical Considerations.” NIST Special Publication 1101.

6 Source: Teicholz, Paul. “Labor Productivity Declines in the Construction Industry: Causes and Remedies.”
AECbytes Viewpoint. Issue 4. April 14, 2004.
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because they have been previously identified as potentially being associated with the changes
in construction productivity. Education and labor union membership are included because
they are potentially associated with the perceived shortage of skilled craft workers. Third,
some variables are included because they may represent categories of workers that may
respond differently to price signals in the construction labor market. Race and sex are
included in this category.

This report analyzes the entire labor force for the construction industry (including construction
workers, skilled tradesmen, office staff, management, etc.). In particular, this report provides
details on the methodology used to obtain the results, and a detailed discussion of what can be
concluded from the data.

Data for this study are taken from the Current Population Survey (CPS) from 1994 to 2010.
Variables used are listed in Appendix 1. The CPS is a monthly survey of about 60 000
occupied households. The households represent a stratified random sample of households in
the country. Each household is surveyed eight times in two blocks. A household is first
surveyed for four consecutive months. The household is then out of the survey for the
following eight months, followed by a second four-month period when it is surveyed. With
this design, consecutive months have a 75 % overlap in the households in the survey, and
surveys one year apart have a 50 % overlap in the households in the survey. A total of 18
variables from the data set are included in the analysis. The dataset contains a total of about
27 million records. Adult men employed in construction in the data set number about 800,000.

There are matching issues with the longitudinal aspect of the data. In particular, the months of
July 1995, March 2000, and March 2001 people in the survey cannot be matched with the
surrounding months. However, this seems unlikely to bias the results where longitudinal
elements are used.

A number of factors suggest that the data before the middle of 1995 may not be as reliable as
the rest of the data. Reasons for such a conclusion are discussed in Appendix 1.

Definitions of industries used in the CPS changed between December 2002 and January 2003.
That makes industry comparisons possibly problematic for the time periods 1994 to 2002 and
2003 to 2010. Analysis of the data and definitions suggests that for construction data from the
two periods is roughly comparable. However, for some other industries that is certainly not
the case.

Supplemental data for quarterly GDP were obtained from the Bureau of Economic Analysis.
Monthly data for Unemployment and Urban Consumer Price Index (CPI-U) were obtained
from the Bureau of Labor Statistics. For purposes of this report, data was collected from 1993
to 2010. Since the main data are monthly and GDP are published quarterly, it is necessary to



interpolate the GDP data to monthly to effectively make use of it. Interpolation methods are
discussed in Appendix 1.

Section 2 provides a measure of how closely related construction is to other industries, and
how large the labor flows are between other industries and construction. Section 3 provides a
detailed discussion of the characteristics of the construction labor pool. Section 4 evaluates the
nature and magnitude of labor flows in and out of construction by worker characteristic.
Section 5 concludes by discussing implications of the results, and suggesting directions for
future research.



2. Relationship to Other Industries

In characterizing construction labor supply, it is helpful to identify the supply pool from
which construction labor is drawn. In particular, it would be helpful to identify industries that
are seen as approximate substitutes by construction workers. As an additional objective,
identifying industries where cross-price elasticities might be significant is an important part of
estimating supply and demand for construction labor.

2.1. Informal Theory and Methodology

One natural way to identify similar industries is to look at job changes. If two industries are
seen as perfect substitutes by workers, then a person in one industry changing jobs will be
relatively likely to move into the other industry.”

Let | be the set of industries, and for any j € ], | j | is the number of workers in that industry.
Suppose K c ] is a set of industries seen as perfect substitutes, and i, j € K are two industries
from that set. Consider a person in industry i who is changing jobs. That person will be
equally likely to pick any available job from the set of all jobs available in the industries in K.
If we assume that the number of jobs available is proportional to the number of people
employed in each industry, then the probability (P) of persons in industry i who change jobs
switching to industry j is:

P{jli} =q Ul

K|

Where q=P{ K | i }, which is the probability of persons in industry i who change jobs
switching to any industry found in set K. Rewriting, we get:

Pyli} _ q _ Plli

TR

Where P{ili} is the probability of persons in industry i who change jobs remaining in industry
i. In general, we expect different industries to be imperfect substitutes. So, we expect:

Pyl _ PUIG
il =l

Where equality holds only in the case of perfect substitutes.?

7 They would also need to be seen as perfect substitutes by employers as well. If they were not, then employers
would be more likely to reject applicants from the other industry on the belief that their skills were not as good a
match.

8 Strictly speaking this analysis applies only in a (relatively) static world where numbers of jobs in each industry
are not changing relative to each other. If, for example, you have two moderately closely related industries (but
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That suggests a natural index of substitutability for construction jobs.

Define the index of substitutability as:

__larui
Yo jl PLili}

Note that in general rij # rji. In fact, they may be quite different since the assumption of perfect
substitutability does not usually hold.

The index above has one major limitation. An industry may be a perfect substitute for
construction from the perspective of the labor market, but if it is very small its impact on the
construction labor market will be small as well. So it would be useful to develop a second
index that estimates impact on the labor market. Here, a very simple index can give a useful
idea.

_lIPGI + PG}
T

This represents the gross flows between construction and the compared industry normalized
by the construction-to-construction job flows.

All terms are readily estimated from the CPS data. Since industry definitions change between
2002 and 2003, indexes are estimated solely for the period 2003 to 2010. Industry populations
are the average population over the time period in question.

2.2. Results

Full results are listed in Appendix 2. The calculated similarity indices for the top 12 industries
from the 2003 — 2010 CPS are listed in Table 2.

still imperfect substitutes) one of which is rapidly growing while the other is rapidly declining, you could have
P{]:Ii} > P{%Ii}
1l l2l
the num