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Abstract

The Construction and Building Subcommittee of the National Science and Technology -
Council is developing baseline measures of current construction industry practices and
measures of progress with respect to each of the seven National Construction Goals. The
seven National Construction Goals are concerned with: (1) reductions in the delivery time
of constructed facilities; (2) reductions in operations, maintenance, and energy costs; (3)
increases in occupant productivity and comfort; (4) reductions in occupant-related
illnesses and injuries; (5) reductions in waste and pollution; (6) increases in the durability
and flexibility of constructed facilities; and (7) reductions in construction worker illnesses
and injuries. Baseline measures and measures of progress are being produced for each of
the four key construction industry sectors. The four sectors are: (1) residential; (2)
commercial/institutional; (3) industrial; and (4) public works. This document provides a
detailed set of baseline measures for National Construction Goal 2 (reductions in
operations, maintenance, and energy costs). As such, it describes data sources, data
classifications and hierarchies, and the metrics used to develop the baseline measures.
Extensive use of charts and tables is made throughout this document to illustrate the
process by which the baseline measures were developed. '

Keywords
building economics; building materials; building maintenance; buildings; construction;

costs; economic analysis; energy ‘costs; energy consumption; energy conservation;
maintenance costs; metrics; operations costs
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Preface

This study was conducted by the Office of Applied Economics in the Building and Fire
Research Laboratory (BFRL) at the National Institute of Standards and Technology
(NIST). The study was sponsored by the Construction and Building Subcommittee of the
National Science and Technology Council. The BFRL project, of which this study is a
part, seeks to develop baseline measures and measures of progress with respect to each of
the seven National Construction Goals. These measures are to be disseminated both
through publications and, ultimately, electronically via the World Wide Web. The
intended audience for this document is the Construction and Building Subcommittee
member organizations as well as construction industry representatives and other interested
parties.
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Executive Summary

The Construction and Building Subcommittee of the National Science and Technology
Council has established seven National Construction Goals in collaboration with a broad
cross section of the construction industry.’ Data describing current practices of the US
construction industry are needed to establish baselines against which the industry can
measure its progress towards achieving the seven National Construction Goals. The
Goals are: (1) reductions in the delivery time of constructed facilities; (2) reductions in
operations, maintenance, and energy costs; (3) increases in occupant productivity and
comfort; (4) reductions in occupant-related illnesses and injuries; (5) reductions in waste
and pollution; (6) increases in the durability and flexibility of constructed facilities; and (7)
reductions in construction worker illnesses and injuries. Baseline measures and measures
of progress will be produced for each National Construction Goal in each of the four key
construction industry sectors. The four sectors are: (1) residential; (2)
commercial/institutional; (3) industrial; and (4) public works.

This document is the first in a series of studies prepared by NIST’s Building and Fire

.Research Laboratory.” It provides a detailed set of baseline measures for National

Construction Goal 2, reductions in operations, maintenance, and energy costs. The
baseline measures characterize current industry performance for Goal 2. Industry.
performance in 1994 is used as the reference point from which the values of the baseline
measures are calculated. Goal 2 was identified as one of the highest priority National
Construction Goals by the construction industry. :

Operations, maintenance, and energy (OM&E) costs are a major factor in the life-cycle
costs of a constructed facility. In some cases, OM&E costs over the life of a facility
exceed its first cost. However, because reductions in OM&E costs are often associated
with increased first costs, facility owners may under invest in cost-saving technologies.

Operations is defined as including all non-process or end-product related activities
required to operate a building or structure, with the exception of maintenance and
repair activities, which are considered separately. Examples of operations components
are water consumption, trash removal, and cleaning services.

Maintenance and Repair activities include incidental work which keeps a property in
working order, without adding value to it. Typical cost components might include
roof, plumbing, electrical, or security system maintenance and repair.

i Wright, Richard N., Arthur H. Rosenfeld, and Andrew J. Fowell. 1995. Construction and Building:
Federal Research and Development in Support of the US Construction Industry. Washington, DC:
National Science and Technology Council.

" A subsequent companion document focuses on National Construction Goal 1. For information on
reductions in the delivery time of constructed facilities, see Chapman, Robert E., and Roderick Rennison.
1998. An Approach for Measuring Reductions in Delivery Time: Baseline Measures of Construction
Industry Practices for the National Construction Goals. NISTIR 6189. Gaithersburg, MD: National
Institute of Standards and Technology.
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Energy is defined as including all non-process or end-product related energy
consumption required to operate a building or structure. Thus energy consumption for
manufacturing processes or vehicle or vessel operations is generally excluded.
Typically, energy consumption can be categorized by energy source, and by assigned
end-use (e.g., space heating, cooling, and lighting).

Reductions in OM&E costs will produce two types of benefits. First, constructed facilities
will become more affordable because facility owners and operators are making more cost
effective choices among investments (e.g., design configurations) which affect life-cycle
costs. Second, these same facilities will better conserve scarce energy resources.

The intended audience for this document is the Construction and Building Subcommittee
member organizations, the four sector council member organizations,” construction
industry representatives, and other interested parties. In addition, because this document
includes both detailed information on the baseline measures for National Construction
Goal 2 and a compilation of statistics on the four sectors and the construction industry as
a whole, it is anticipated that this document will serve as a resource reference for readers
with a wide variety of interests in the construction industry.

“This document has nine chapters and seven appendices. Chapter 1 explains the purpose,

scope, and general approach. Chapter 2 introduces the National Construction Goals,
describes how a well-defined set of metrics is used to develop the baseline measures and
measures of progress, and outlines the project approach. Chapter 3 provides an overview

of the construction industry. The overview provides the context within which the baseline

measures are developed. Chapter 4 presents two data classification schemes. These data
classification schemes are used to construct data hierarchies from which key metrics are
derived and used to develop the baseline measures. Chapters 5 through 8 present an
overview and detailed baseline measures for each of the four construction industry sectors:
Chapter 5 covers the residential sector; Chapter 6 covers the commercial/institutional
sector; Chapter 7 covers the industrial sector; and Chapter 8 covers the public works
sector. The overview of each sector examines the sector size, changes in the sector, and
key sector characteristics.  The detailed baseline measures examine operations,
maintenance, and energy categories separately. The key OM&E baseline measures for
each sector are summarized in tabular form at the end of that sector’s chapter. Chapter 9
concludes the document with a summary and suggestions for further research. The
individual data hierarchies for each construction industry sector are presented in
Appendices A through D. Each sector occupies an appendix: Appendix A covers the
residential sector; Appendix B covers the commercial/institutional sector; Appendix C
covers the industrial sector; and Appendix D covers the public works sector. Three
additional appendices are also included as an aid to cross referencing terms, statistical
information, and other material contained in this document. Appendix E lists the

% The four sector council member organizations are: (1) National Association of Home Builders Research
Center (residential); (2) National Institute of Building Sciences (commercial/institutional); (3)
Construction Industry Institute (industrial); and (4) American Public Works Association (public works).
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assignment of each state to one of the four census regions: (1) Northeast; (2) Midwest; (3)
South; or (4) West. Appendix F lists the two-digit Standard Industrial Classification (SIC)
Codes. Appendix G provides a list of acronyms and their definitions.

Chapter 2 provides perspective on the overall effort to develop baseline measures and
measures of progress for each of the seven National Construction Goals. First, each

- National Construction Goal is introduced and described. Next, the process for developing

baseline measures for each Goal is described. This process involves: (1) specifying a data-
oriented hierarchy; (2) collecting and compiling the key data and supporting information
for the base year, 1994; (3) defining metrics for each goal/sector combination; and (4)
producing the metrics in a summary form (i.e., figures and tables to depict the metrics).
The methods for measuring progress use the baselines as their reference point. Because
the National Construction Goals may be specified as targets measured against baseline
values, “gap analysis” is the preferred method for defining the measures of progress. The
advantage of the gap analysis method is that it employs the same values for each measure
as used in computing the baselines. The gap analysis method measures how much of the
initial gap (i.e., between the baseline value and the goal value) has been closed by some
future date. Criteria are then presented which ensure that the data selected for analysis
are well-defined, consistent, and replicable. The chapter also outlines a strategy for
collecting and disseminating information on each National Construction Goal.

Chapter 3 provides a snapshot of the US construction industry. As such, it provides the
context within which the baseline measures are developed. An extensive set of statistics
has been compiled on each sector; many of these statistics are included in Chapter 3.
These statistics are useful not only as a tool for defining the baseline measures but also as
a resource reference for readers with a wide variety of interests in the construction
industry.

Chapter 3 contains four sections. Each section deals with a particular topic. The topics
progress from general in nature to very specific. First, information on the value of
construction put in place is provided to show the size of the construction industry and
each of its four sectors—residential, commercial/institutional, industrial, and public works.
Second, information on the nature of construction activity for each sector of the industry
is presented. The SIC Codes for the construction industry are introduced and described as
a means for organizing construction activity. Information on the nature of construction
activity includes breakouts between new construction activities, maintenance and repair
activities, and additions and alterations. The challenge of developing annual estimates for
each sector by nature of construction activity is described. Examples are given which
demonstrate how different data sources result in major differences in a particular year’s
estimates. Third, information on employment in the construction industry is summarized
and a series of employment-related statistics are presented. The SIC Codes for the
construction industry are used as a means for organizing key employment-related
information. Comparisons between employment and output in the construction industry
and employment and output in the overall US economy are also included. Fourth,
information on cost trends and on other, special considerations, is presented.
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The construction industry is a key component of the US economy. Total construction
investment represents about 11 percent of Gross Domestic Product. A key indicator of
construction activity is the value of new construction put in place. Data published by the
US Bureau of the Census, a part of the US Department of .Commerce, are used to
establish the composition of construction expenditures by type of construction. These
expenditures are then assigned to one of the four key construction industry sectors.

Table ES-1 summarizes both the annual sector totals and the sum total. Since 1992, the
value of new construction put in place has risen slightly from $393.8 billion in 1992 to
$435.5 billion in 1996 in constant 1992 dollars. The largest component of new
construction over this period was in the residential sector (about 32 percent of the total),
with the smallest component in the industrial sector (about 6 percent).

Table ES-1. Value of New Construction Put in Place in Millions of 1992 Dollars:
Sector Totals and Sum Total

Sector Value of Construction Put in Place ($ Millions)
1992 1993 1994 1995 1996
Residential 133,658 | 141,076 | 156,576 | 146,167 | 157,846
Commercial/Institutional | 122,960 | 125,770 | 128,116 | 137,006 | 149,445
Industrial 30,902 27,212 | 28,161 30,391 29,219
Public Works 106,311 | 103,762 | 103,360 | 101,593 | 98,973
Total — All Sectors 393,831 | 397,820 | 416,213 | 415,157 | 435,483

Chapter 4 covers the data classification schemes, how the sectors were defined, how data
sources were identified, and how key OM&E data were collected. Data classification
hierarchies were developed for each of the four industry sectors. These hierarchies were
essential in order to be able to sort data into relevant sectors, to prioritize the data, and to
establish data linkages. Initially, an “idealized” hierarchy was developed for each sector.
Idealized hierarchies were developed with a view to defining for the four industry sectors
the extent and key components considered relevant to Goal 2. Within each sector
hierarchy, the key components likely to have an impact upon the Goal are examined. The
data oriented hierarchies represent the modification of the idealized hierarchies to reflect
data availability and constraints. This is an important step in ensuring that the baseline
measures remain succinct (see Appendices A through D where the data oriented
hierarchies are presented). The two primary types of data collected were electronic data
and published data. As data were collected, the data oriented hierarchies for each industry
sector were refined to reflect data availability constraints. Section 4.2 summarizes the
extensive data searches of publicly accessible Federal Agency databases carried out by the
authors. A further set of data searches focused upon research, trade, professional, private
sector, and academic organizations. In addition, a number of useful data sources have
been identified where organizations are systematically collecting and publishing data. The
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key sources of data and information, including those that are accessible electronically, are

" listed in Section 4.2 and in the References section.

Chapter 5 describes the residential sector and traces the development of the baseline
measures for the residential sector. The baseline measures for the residential sector are
based on data published by the US Bureau of the Census and the Energy Information
Administration (EIA), a part of the US Department of Energy.

The Census data are used to develop baseline measures for operations costs and
maintenance and repair costs for the residential sector. The Census data are drawn from
the 1995 American Housing Survey (AHS). The AHS collects data on the nation’s
housing, including apartments, single-family homes, mobile homes, and vacant housing
units. National data are collected every other year; the sample covers approximately
55,000 homes. Data from the 1995 AHS are used to develop the baseline measures for
water consumption, trash removal, and maintenance and repair expenditures.

The EIA data are used to develop baseline measures for energy costs for the residential
sector. The EIA data are drawn from the 1993 Residential Energy Consumption Survey
(RECS), the most recent survey data currently available. The EIA has carried out the
RECS triennially since 1984. In the 1993 RECS, data were collected from a
representative sample of seven thousand households. The survey collects data on the type
of housing unit, year of construction, space heating, water heating, air conditioning, fuels,
equipment, appliances, and demographic characteristics of the occupants. Energy
consumption and expenditure data are obtained from the household’s energy suppliers.
The RECS data are linked to weather data for each building. The RECS is the most
comprehensive source of national level enérgy data for the residential sector.

The key baseline measures for the residential sector are summarized in Table ES-2. It is
important to note that the data recorded in Table ES-2 are either for 1993 (RECS) or
1995 (AHS) rather than for the reference year 1994. All values recorded in Table ES-2
are annual expenditures per household. Reference to the table shows that energy
expenditures are the most significant component of residential OM&E costs. Operations
expenditures for water consumption and trash removal are $300 and $180 per annum,
respectively. Expenditures for maintenance and repairs are $300 per annum.

Chapter 6 describes the commercial/institutional sector and traces the development of the
baseline measures for the commercial/institutional sector. The baseline measures for the
commercial/institutional sector are based on data published by the EIA, the International
Facilities Management Association, the Building Owners and Managers Association, the
Association of Higher Education Facilities Officers, and the Institute of Real Estate
Management.
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Table ES-2. Selected Baseline Measures for the Residential Sector: Annual
Expenditures per Household

Baseline Measure Value Year
Water Consumption $300 1995
Trash Removal $180 1995
Maintenance and Repair $300 1995
Space Heating $419 1993
Air Conditioning $177 1993
Water Heating $177 1993
Refrigerators $124 1993
Appliances $455 1993

The EIA data are used to define the sector and to generate general baselines. Data from
the 1992 and 1995 Commercial Buildings Characteristics Reports were used to focus
attention on a select subset of the types of commercial/institutional buildings/facilities
surveyed by EIA. These data revealed that educational, mercantile and service, and office
buildings accounted for over 60 percent of total commercial/institutional sector floorspace
in the US in 1992 and 1995. In addition, data from the 1992 Commercial Buildings
Energy Consumption Survey have been used to generate general baselines for energy
consumption and expenditures in the commercial/institutional sector. These data are also
used to develop information about energy conservation in the commercial/ institutional
sector (e.g., participation in energy management programs).

The other sources were used to develop detailed OM&E baseline measures for either the
entire sector or one of the three principal components of the commercial/institutional
sector (i.e., educational, mercantile and service, and office buildings). Baselines for the
entire commercial/institutional sector are based primarily on published data from the
International Facility Management Association. Baselines for educational facilities are
based on published data from the Association of Higher Education Facilities Officers.
Baselines for shopping centers, a key subset of the mercantile and service component, are
based on published data from the Institute of Real Estate Management. Baselines for
commercial office buildings are based on published data from the Building Owners and
Managers Association.

The key baseline measures for the commercial office buildings component of the sector are
summarized in Table ES-3. Note that the data recorded in Table ES-3 are for 1995. The
table records information on three types of operations costs: administrative, cleaning, and
roads/grounds/security. These costs range from $5.49 per rentable square meter for
roads/grounds/security to $11.73 per rentable square meter for cleaning. Note that the
costs of water consumption/treatment are included under utilities. This differs from the
residential sector where the costs of water consumption/treatment were included under
operations costs. Maintenance and repair costs averaged $14.20 per rentable square
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meter. Ultilities averaged $19.58 per rentable square meter. As expected, electricity is the
primary cost component, representing $17.01 per rentable square meter ($1.58 per
rentable square foot). .

Table ES-3. Selected Baseline Measures for Commercial Office Bmldlngs Annual
Expenditures for 1995

Baseline Measure Dollars per Rentable Square
Foot Meter
Administrative 1.03 11.08
Cleaning 1.09 1173
Roads/Grounds/Security 0.51 5.49
Maintenance and Repair 1.32 14.20
Utilities (including water) 1.82 19.58

Chapter 7 describes the industrial sector and traces the development of the baseline
measures for the industrial sector. The industrial sector comprises all manufacturing
industries with SIC Codes between 20 and 39 inclusive. The baseline measures for the
industrial sector are based on data published by the US Bureau of the Census and EIA.
Data published by the International Facilities Management Association for a select set of
SIC Codes are also described. The chapter also includes information about energy
conservation in the industrial sector (e.g., fuel switching capability within the industrial
sector and the level of participation in energy management programs).

The Census carries out a number of surveys of the industrial sector, most notably the
Census of Manufactures. The 1992 Census of Manufactures provides a large amount of
data relevant to value of shipments, value added by manufacturer, payroll costs, and
materials costs. Most of these items are predominantly process-oriented, and are therefore
considered to be beyond the scope of this document. The focus of this document is on
non-process costs associated with industrial facilities (i.e., facility management
components, such as building maintenance and repair, facility HVAC, and lighting costs).
Due to the heavy emphasis on process-related activities, the baseline measures for
operations costs and maintenance and repair costs for this sector are highly aggregated.
Baseline measures are given on the cost for refuse removal, a key component of
operations costs, and for the repair of buildings and structures, a key component of
maintenance and repair costs. These baselines are presented for the industrial sector in its
entirety and for each major two-digit SIC Code within the industrial sector. The
aggregate cost of refuse removal was $4.4 billion in 1992. The aggregate cost for repair
of buildings and structures was $5.4 billion in 1992.

Energy baselines for the industrial sector are based on the Manufacturing Energy
Consumption Survey (MECS). The MECS includes a wealth of information on both
process and non-process related energy consumption. The total primary consumption of
energy for all purposes in the US industrial sector in 1991 was 21.4 quadrillion kilojoules
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(20.3 quadrillion Btu), the vast majority of which was process related. When all energy
sources are considered, direct non-process uses accounted for only 12 percent of total
energy consumption. The largest non-process end-uses of net electricity and natural gas
were facility HVAC, facility lighting, and facility support. Facility HVAC inputs
accounted for about 3 percent of all energy inputs, facility lighting accounted for about 1
percent, and facility support accounted for less than one half of 1 percent. Thus non-
process facility costs are generally very small compared with process costs.

Chapter 8 describes the public works sector and traces the development of the baseline
measures for the public works sector. The public works sector is the most diverse of the
four industry sectors. For this reason, it has been divided into a number of sub-sectors.
These are Transportation (which includes five transportation modes: road, rail, transit,
water, and air), Power Utilities (which includes the generation and distribution of
electricity, gas, and steam), Water (which includes the storage, supply, and treatment of
water, plus flood and storm water control), and Pipelines (which includes pipelines for the
transport of petroleum and other commodities except natural gas). The baseline measures
for the public works sector are summarized in Table 8-32 in Section 8.3. Brief
descriptions of each sub-sector are given in the text that follows.

Transportation plays a pivotal role in the US economy. The Bureau of Transportation
Statistics estimates that transportation service in 1993 accounted for about 11 percent of
Gross Domestic Product. Governments invest heavily in transportation infrastructure and
equipment.

The most widely used form of transportation in the US is the highway. In 1993, all levels
of government--federal, state, and local--invested heavily in highways. State government
put 92 percent of their transportation funds into highways, local governments 47 percent,
and the federal government 32 percent. Almost 90 percent of public investment in
highways for 1993 was for construction. The highway network comprises 6.28 million
kilometers (3.9 million miles) of public roads, which are operated primarily by state and
local governments. The total size of the US highway system has been relatively stable for
many years. The public road network is classified according to the traffic functions the
roads are intended to serve. The functional types identified in this document are
Interstates, freeways and expressways, arterials, collectors, and local roads.

Table ES-4 shows how state maintenance outlays in 1994 vary by functional system in
urban and rural areas. The table also includes, for a select subset of these data, baseline
measures normalized on a per-lane kilometer (mile) basis. These baseline measures
facilitate comparison of maintenance costs by type of road and geographic location. Table
ES-4 shows that the baseline values of annual maintenance costs per-lane kilometer for all
state-administered highways are about $1900 (31894 per-lane kilometer). The baseline
values of annual maintenance costs for rural highways are under half those of urban
maintenance costs. However, urban and rural Interstate costs are significantly higher than
the average for all highways, with annual urban costs of about $5,200 per-lane kilometer
and annual rural Interstate costs of about $3,850 per-lane kilometer.
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Table ES-4. Baseline Measures for State Highway Maintenance Expenditures: 1994

Functional Total Estimated Estimated Estimated Estimated
System Maintenance | Maintenance | Maintenance | Maintenance | Maintenance
Cost Cost per Mile [Cost per Lane| Costper |Cost per Lane
(Thousands of] (Dollars) [Mile (Dollars)| Kilometer Kilometer
Dollars) (Dollars) (Dollars)
Urban 926,293 42,769 8,344 26,581 5,186
Interstates/ :
Freeways and
Expressways
Urban Arterial] 931,289 15,287 - 9,501 -
Urban 80,743 7,768 - 4,828 -
Collector
All Urban 1,938,325 17,619 5,595 10,950 3,477
Highways
Rural 816,351 25,152 6,218 15,632 3,865
Interstate
Rural Arterial | 1,593,794 6,995 - 4,347 -
Rural 1,122,314 4,200 - 2,610 -
Collector _
All Rural 3,532,459 5,116 2,439 3,180 1,516
Highways '
All Highways| 5,470,784 6,835 3,048 4,248 1,894

The power utilities sub-sector provides baseline measures for power generation, including
the distribution of natural gas. General information about the size of the sub-sector, in
terms of number of operating establishments and kilometers (miles) of pipeline operated,
provides the context within which the baselines are developed. The baselines cover water
use by the sub-sector, capital expenditures for construction, and expenditures for
maintenance and repair by SIC Code.

The water sub-sector provides baseline measures for water supply, treatment, and flood
control. The baselines cover capital expenditures for new construction and expenditures
for maintenance and repair by SIC Code.

The pipelines sub-sector provides baseline measures for petroleum and other pipelines in
the US, excluding natural gas pipelines. General information about the size of the sub-
sector, in terms of number of operating establishments and kilometers (miles) of pipeline
operated, provides the context within which the baselines are developed. The baselines
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cover capital expenditures for new construction and expenditures for maintenance and
repair by SIC Code.

Chapter 9 discusses additional areas of research that might be of value to government
agencies and private bodies who are concerned about reducing OM&E costs. These areas
of research are concerned with: (1) accounting for the discrepancies between data which
quantify annual construction outputs for new construction, additions and alterations, and
maintenance and repair; (2) additional data collection; and (3) evaluations of progress
toward achievement of National Construction Goal 2.
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1. Introduction
1.1 Background

Data describing current practices of the US construction industry are needed to establish -
baselines against which industry can measure its progress towards achieving the seven
National Construction Goals. The seven National Construction Goals are concerned with:
(1) reductions in the delivery time of constructed facilities; (2) reductions in operations,
maintenance, and energy costs; (3) increases in occupant productivity and comfort; (4)
reductions in occupant-related illnesses and injuries; (5) reductions in waste and pollution;
(6) increases in the durability and flexibility of constructed facilities; and (7) reductions in
construction worker illnesses and injuries.

Although information having relevance to the seven goals is available, for the most part,
this information has such a narrow focus that a consistent set of baseline measures and
associated measures of progress can not be produced without first conducting a significant
research effort. Specifically, information from a wide variety of data sets needs to be
collected, reviewed, analyzed, and critiqued to ensure that the baseline measures and
measures of progress which result are:

(1) adequate (i.e., they not only capture the complexities of the US construction
industry but also represent a consensus among experts in the field); and

2) suitable for dissemination to the public.

It is essential to have baseline data and associated measures of progress to determine the
success of actions taken to improve the competitiveness of the US construction industry.
In addition, baselines and measures of progress will make it possible to demonstrate the
benefits of advanced technologies and practices, and to guide decision makers in
prioritizing potential programs.

The goal of this project is to develop a suite of products which support the measurement
and attainment of the National Construction Goals by the four key construction industry
sectors. The four industry sectors are: (1) residential; (2) commercial/institutional; (3)
industrial; and (4) public works. Three basic sets of products are envisioned:

(1) Baseline Measures: Develop baseline measures which characterize current
industry performance with respect to each of the seven goals. The averages of
current practice (defined in this document as industry performance in 1994) will
become the baselines for measuring progress towards achieving each of the goals.

2) Measures of Progress: Develop methods for measuring progress. These “results”
measures are envisioned as a composite of performance measures offering a means
not only for monitoring actual performance but also for marshaling support for
improving results.
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(3)  Periodic Reports: Provide information on each of the seven goals. This
information will be made available to interested parties both through publications
and, ultimately, electronically via the World Wide Web. Potential outlets for the
baselines and measures of progress include the Construction and Building
Subcommittee member organizations and the four sector council member
organizations. ' :

1.2 Purpose

The purpose of this document is twofold. First and foremost, this document provides a
detailed set of baseline measures for National Construction Goal 2 (reductions in
operations, maintenance, and energy costs). As such, it describes data sources, data
classifications and hierarchies, and the metrics used to develop the baseline measures.
Extensive use of charts and tables is made throughout this document to illustrate the
process by which the baseline measures were developed. This document is the first in a
series of studies prepared by NIST's Building and Fire Research Laboratory (BFRL). A
subsequent companion document® focuses on National Construction Goal 1, reductions in
delivery time. '

The second purpose of this document is to outline BFRL’s strategy for collecting
information on each National Construction Goal, for gaining consensus on what
information should be included in the baseline measures and measures of progress, and for
disseminating information to interested parties. Specifically, a two-phase, four-step
process for developing and disseminating the baseline measures and measures of progress
is described.

1.3 Scope and Approach

This document has eight chapters and seven appendices in addition to the Introduction.
Chapter 2 introduces the National Construction Goals, describes how a well-defined set of
metrics is used to develop the baseline measures and measures of progress, and outlines
the project approach. Chapter 3 provides an overview of the construction industry. The
overview provides the context within which the baseline measures are developed. Chapter
4 presents two data classification schemes; one which is idealized and one which is data
driven. These data classification schemes are used to construct data hierarchies from
which key metrics are derived and used to develop the baseline measures. Chapters 5
through 8 present the baseline measures for each of the four key construction industry
sectors. Chapter 9 concludes the document with a summary and suggestions for further
research.

' The four sector council member organizations are: (1) National Association of Home Builders Research
Center (Residential); (2) National Institute of Building Sciences (Commercial/Institutional); (3)
Construction Industry Institute (Industrial); and (4) American Public Works Association (Public Works).
% Chapman, Robert E., and Roderick Rennison. 1998. An Approach for Measuring Reductions in Delivery
Time: Baaseline Measures of Construction Industry Practices for the National Construction Goals.
NISTIR 6189, Gaithersburg, MD: National Institute of Standards and Technology.
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The individual data hierarchies for each construction industry sector are presented in
Appendices A through D. Each sector occupies an appendix: Appendix A covers the
residential sector; Appendix B covers the commercial/institutional sector; Appendix C
covers the industrial sector; and Appendix D covers the public works sector. . Three
additional appendices are also included as an aid to cross referencing terms, statistical
information, ‘and other material contained in this document. Appendix E lists the
assignments of each state to one of the four census regions: (1) Northeast; (2) Midwest;
(3) South; or (4) West. Appendix F lists the two-digit Standard Industrial Classification
(SIC) Codes. SIC Codes are used extensively throughout Chapter 8 which covers the
industrial sector. Appendix G provides a list of acronyms and their definitions.
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2. The National Construction Goals: A Tool for Promoting
Competitiveness Within the Construction Industry

2.1 Description of the National Construction Goals

The Construction and Building (C&B) Subcommittee has studied research priorities
expressed by the construction industry. These priorities translate into the following seven
National Construction Goals:

50% Reduction in Delivery Time

50% Reduction in Operation, Maintenance, and Energy Costs
30% Increase in Productivity and Comfort

50% Fewer Occupant-Related Illnesses and Injuries

50% Less Waste and Pollution

50% More Durability and Flexibility

50% Reduction in Construction Worker Illnesses and Injuries

Al ol

To make the National Construction Goals operational, they are based on the values of a
well-defined set of baseline measures. As noted in the Introduction, the values of the
baseline measures for each goal are averages of industry performance in 1994. The year
1994 was established as the basis for computing the values of the baseline measures
because it was the year when the National Construction Goals were first formulated.’

Two priority thrusts, better constructed facilities, and improved health and safety of the
construction work force, were defined as the focus of C&B-related research,
development, and deployment (RD&D) activities. The objective of the C&B-related
RD&D activities is to make technologies and practices capable of achieving the goals
under the two priority thrusts available for general use in the construction industry by
2003.

Achievement of the National Construction Goals will: (1) reduce the first costs and life-
cycle costs of constructed facilities in the four key construction industry sectors (i.e.,
residential, commercial/institutional, industrial, and public works); (2) result in better
constructed facilities; and (3) result in improved health and safety for both construction
workers and occupants of constructed facilities. Achievement of the goals will convey
benefits to each of the four construction industry sectors (e.g., housing will become more
affordable through reductions in first costs and life-cycle costs). However, depending on
the goal and the construction industry sector, the beneficial impacts are expected to vary.
To gain a better appreciation of the importance of the National Construction Goals, both
individually, and taken together, and of their relationship to the four key construction

3 Wright, Richard N., Arthur H. Rosenfeld, and Andrew J. Fowell. 1994. Rationale and Preliminary
Plan for Federal Research for Construction and Building. NISTIR 5536. Washington, DC: National
Science and Technology Council.
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industry sectors, a brief description of each goal follows. The descriptions are patterned
after those given in the report by Wright, Rosenfeld, and Fowell.*

Goal 1: 50% Reduction in Delivery Time

Delivery time is defined as the elapsed time from the decision to construct a new facility
until its readiness for service. Delivery time issues affect both industrial competitiveness
and project costs. During the initial planning, design, procurement, construction, and
start-up process, the needs of the client are not being met. Furthermore, the client’s needs
evolve over time, so a facility long in delivery may be uncompetitive or unsuitable when it
is finished. Delays almost always translate-into increased project costs due to inflationary
effects, higher financial holding costs, and reduced productivity. Furthermore, the
investments in producing the facility cannot be recouped until the facility is operational.
Owners, users, designers, and constructors are among the groups calling for technologies
and practices to reduce delivery time.

Goal 2: 50% Reduction in Operations, Maintenance, and Energy Costs

Operations, maintenance, and energy (OM&E) costs are a major factor in the life-cycle
costs of a constructed facility.. In some cases, OM&E costs over the life of a facility
exceed its first cost. However, because reductions in OM&E costs are often associated
with increased first costs, facility owners and managers may under-invest in cost saving
technologies. Furthermore, undue attention on minimizing first costs may result in a
facility which is expensive to operate and maintain, wastes energy resources, is inflexible,
and rapidly becomes obsolete. Finally, because OM&E costs tend to increase more
rapidly than the general rate of inflation, facility owners and operators are often forced to
reallocate funds to cover OM&E costs. Reductions in OM&E costs will produce two
types of benefits. First, constructed facilities will become more affordable because facility
owners and operators are making more cost-effective choices among investments (e.g.,
design configurations) which affect life-cycle costs. Second, these same facilities will
better conserve scarce energy resources.

Goal 3: 30% Increase in Productivity and Comfort

Industry and government studies have shown that the annual salary costs of the occupants
of a commercial or institutional building are of the same order of magnitude as the capital
cost of the building.” Occupant comfort depends largely on the nature of buildings,
building furnishings, and indoor environments. The quality of indoor environments also
has a large impact on occupant health and productivity. Improvement of the productivity
of the occupants (or for an industrial facility, improvement of the productivity of the

* Wright, Richard N., Arthur H. Rosenfeld, and Andrew J. Fowell. 1995. Construction and Building:
Federal Research and Development in Support of the US Construction Industry. Washington, DC:
National Science and Technology Council.

* Building Owners and Managers Association. 1994. Experience Exchange Report, National Cross-
Tabulations, 1994. Washington, DC: Building Owners and Managers Association.
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process housed by the facility) is an important performance characteristic for most
constructed facilities.

Goal 4: 50% Fewer Occupant-Related Illnesses and Injuries

Buildings are intended to shelter and support human activities, yet the environment and
performance of buildings can contribute to illnesses and injuries for building users.
Examples are avoidable injuries caused by fire or natural hazards, slips and falls, disease
from airborne microbes, often associated with a workplace environment, and building
damage or collapse from fire, earthquakes, or extreme winds. Reductions in illnesses and
injuries will increase building users’ productivity as well as reduce the costs of medical
care and litigation.

Goal 5: 50% Less Waste and Pollution

Improvement of the performance of constructed facilities provides major opportunities to
reduce waste and pollution at every step of the delivery process, from raw material
extraction to final demolition and recycling of the facility and its contents. Additional
reductions come from reduced energy use, reduced water consumption, and reductions in
waste water production, which are considered in part by Goal 2.

Goal 6: 50% More Durability and Flexibility

* Durability denotes the capability of the constructed facility to continue (given appropriate

maintenance) its initial performance over the intended service life. Flexibility denotes the
capability to adapt the constructed facility to changes in use or users’ needs. Increased
durability and flexibility of constructed facilities reduces life-cycle costs and prolongs the
economic life of the facility (i.e., the period of time over which an investment in the
original facility is considered to be the least-cost alternative for meeting a particular
objective).

Goal 7: 50% Reduction in Construction Worker Illnesses and Injuries

Health and safety issues exert a major effect on the competitiveness of the US
construction industry. Construction workers die as a result of work-related trauma at a
rate which is higher than all other industries except mining and agriculture. Construction
workers also experience a higher incidence of nonfatal injuries than workers in other
industries. Although the construction workforce represents less than 5 percent of the
nation’s work force, it is estimated that the construction industry pays about 15 percent of
the nation’s workers’ compensation.’

® The Center to Protect Workers’ Rights. 1997. The Construction Chart Book: The US Const}uction
Industry and Its Workers. Report D1-97. Washington, DC: The Center to Protect Workers” Rights.
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2.2 Baseline Measures

As noted earlier, the baseline measures for each goal are averages of industry performance
in 1994. Thus, with regard to the baseline measures, 1994 is the “base year.”
Consequently, data from 1994 drive the data collection effort culminating with the
development of the baseline measures for each National Construction Goal.

The process for developing baseline measures used in this project involves: (1) specifying
a data-oriented hierarchy; (2) collecting and compiling the key data and supporting
information for the base year, 1994; (3) defining metrics for each goal/sector
combination; and (4) producing the metrics in a tabular summary form and, where
appropriate, producing charts and graphs to depict the metrics. If the goal/sector
combination has components and subcomponents, then metrics are defined for each. This
process is employed because the metrics represent not only a statement of current
construction industry performance but tools for measuring an individual organization’s
performance as well. By providing a small set of well-defined metrics, individual
organizations can construct their own performance baselines. For example, individual
organizations can see how a collection of their projects performs vis-a-vis the “national”
data. To summarize, the basic philosophy behind the baseline measures is that they are not
a static tool whose sole purpose is quantifying the value of the goal but a means for
driving performance improvement within individual organizations.

2.3 Measures of Progress

The methods for measuring progress use the baselines as their reference point. The
- measures of progress employ a method which makes use of both key outputs (i.e.,
summary measures) and interlinking metrics (i.e., a composite of performance measures
including constituent parts and functional relationships).  Because the National
Construction Goals may be specified as targets measured against baseline values, “gap
analysis” is an appropriate method for defining the measures of progress.

To gain a better understanding of how gap analysis may be applied, consider the following
case illustration. One component of Goal 7, Construction Worker Illnesses and Injuries, is
recordable injuries. If Goal 7 targets a 50% reduction in construction worker illness and
injuries, we may adopt an across-the-board reduction of 50% for all components of that
goal. Therefore, for this component, the goal is to reduce recordable injuries by 50%.
Denote the industry average in 1994 by BRy, (i.e., the Baseline value for Recordable
injuries). Denote the goal for recordable injuries for 2002 by GRy;; it is equal to 0.5* BRy,.
Denote the difference between the baseline and the goal (i.e., BRos - GRy;) by dRos. This
difference may be thought of as a gap (i.e., the difference between the actual level and the
desired level). Similarly, for some future year, say 1997, whose actual value is Ry;, the
gap becomes dRy; (i.€., Ro7 - GRy;).

7 If data are available for years in addition to 1994 (e.g., 1992 through 1996), then these data are collected
at the same time as the base year data and used to illustrate trends; these data are also used to compute the
associated measures of progress.

42



This method also enables us to measure how much of the initial gap has been closed. One
measure of performance is the percent of the initial gap which has been closed by some
future date, say 1997. Denote this amount as P(dRy;), where:

P(dR97) = ( 1- (dR97 / dR94 ) ) * 100

The advantage of this measure of performance is that it employs the same values for each
measure used in computing the baselines. Although the gap analysis method is simple and
straightforward, it offers considerable flexibility. Consequently, it is the recommended
method for generating measures of progress.®

2.4 Interactions Between the National Construction Goals, the Baseline Measures,
and the Measures of Progress

As noted earlier, the objective of the C&B-related RD&D activities is to have
technologies and practices capable of meeting the goals available in 2003. This objective
raises an important issue, namely, the relationships between the baseline measures, the
measures of progress, and the goals. Several relationships which warrant consideration
are the following. First, it is important to recognize that the goal can always be
represented as a function of the baseline measure. Thus, given a baseline “value,” a target
or goal “value” can be specified. Second, for baseline measures to be most beneficial, they
need to be tied to specific “metrics” which are well-defined and able to be used by
interested parties (e.g., a specific government agency could substitute its own data into the
metric and use it to establish its own “baseline” values). Finally, the measures of progress
need to make explicit the relationship between the baseline, the goal, and the current level
of improvement.

The previous discussion implies that the form of the baseline measure is important as a
“facilitator” of performance (i.e., a linkage to performance-improving technologies and
practices). Two forms of baseline measures which may serve as facilitators are point

*The gap analysis method has another advantage in that priorities can be easily incorporated. For
example, during the consensus building step, the focus group might feel strongly that one component of
an National Construction Goal (NCG) is of greater importance than another. Consequently, progress
towards closing the gap on this component would be viewed as more important than progress on another
component for that NCG. Multiattribute decision analysis (MADA) provides a well-established tool for
assigning priorities to components. (See, American Society for Testing and Materials. 1995. Standard
Practice for Applying Analytical Hierarchy Process (AHP) to Multiattribute Decision Analysis of
Investments Related to Buildings and Building Systems. E 1765. Philadelphia, PA: American Society for
Testing and Materials.) MADA may also be used to develop a hierarchical relationship among
components (i.e., a composite of performance measures including constituent parts and functional
relationships). Such an approach would help to analyze how changes in individual metrics (i.e.,
components at a lower level within the hierarchical relationship) affect the level and rate of change of key
outputs (i.e., the highest level metric in the hierarchical relationship).
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estimates (i.e., an average value) and a distribution of values. Although an average value
is a good baseline measure, it collapses a great deal of information into a single reference
point. An alternative way to think about a baseline measure is as the distribution of values
of industry performance in 1994. This approach, while more data intensive, is a great deal
more flexible. Over the long term, the key stakeholders (e.g., researchers, innovators,
owners, and contractors) can focus on pushing the entire distribution towards a more
competitive position (e.g., faster delivery time) rather than just focusing on improving the
average value of some “unknown” distribution. It is important to recognize that the
distribution of values contains not only the mean or average value of the metric which
defines the baseline measure, but the highest and lowest values as well. For example, if
the percentiles of the distribution are available, an individual organization (e.g.,
government agency, construction firm, etc.) could calculate a representative set of values
and, hence, determine their location within the distribution. This information could then
be used for goal setting and for developing measures of progress within a particular
organization.

2.5 Project Approach

Developing baseline measures and measures of progress--whether they are based on
average values or a distribution--for each National Construction Goal and each
construction industry sector is a complex process. Fortunately, some goals are relatively
more important to the construction industry, which suggests setting priorities for data
collection. The report by Wright, Rosenfeld, and Fowell® provides information reflecting
the construction industry’s priorities. The construction industry’s four highest priority
goals are Goal 1, Goal 2, Goal 6, and Goal 7. The three lowest priority goals are Goal 3,
Goal 4, and Goal 5. C

The availability of data and level of sector-specific information are other key
considerations. ~ For some goals, there is a well-defined linkage to data (e.g.,
national/regional statistics or sector-specific information). For other goals, little
quantitative information is available. Consequently, a two-phase approach is being
employed. The order (i.e., phase) in which the baseline measures and measures of
progress are developed is based on three characteristics: (1) the priority of the goal; (2)
the availability of data; and (3) the level of sector-specific information. Phase I covers the
four highest priority goals. Phase II covers the three lowest priority goals.

This two-phase approach was designed to produce a set of baseline measures and
measures of progress in the most timely manner. This approach is summarized in Table 2-
1; it combines information on priorities from the construction industry with constraints on
data availability and the level of sector-specific information. This approach provides the
basis for focusing project resources on those goals where baseline measures and measures
of progress: (1) are most needed by the construction industry; (2) can be defined and
agreed upon by key construction industry stakeholders; and (3) can be developed in a

9Wright, Rosenfeld, and Fowell. 1995. Op. Cit., p. 10.
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timely manner. Consequently, these data sets, once developed and disseminated, offer the
greatest potential for acceptance and use by the construction industry.

Table 2-1. Phases in the Development of Baseline Measures

National Construction Goals Data Characteristics
Phase
Goals Priority Data Availability Sector
Covered Definition
I 7 High Readily Available Good Sector
Well Documented Definition
Authoritative Sources
1,26 High “Pockets” of Good Data | Some Sectors
Not Clearly
Defined
I 34,5 Low “Composite” Data Types: | Some Sectors
Either Few Pockets of Not Clearly
Good Data Or Defined
Total Lack of Data

For each of the phases shown in Table 2-1, a four-step process is envisioned. The four
steps are: ‘ :

1. Establish Criteria for Data Selection;
2. Identify and Collect Data;
3. Develop Consensus on Key Measures and Supporting Data; and

4, Produce and Disseminate Baseline Measures and Measures of Progress.
In the sections which follow, each step is described briefly and, where appropriate, related

‘to each phase.

'2.5.1 Criteria for Data Selection

Criteria are needed to ensure that the data selected for analysis are well-defined,
consistent, and replicable. Because data are so important to the baseline measures for
each goal, BFRL reviewed many potential sources (e.g., journals, technical publications,
electronic media). of baseline-related data/information. This review suggested three
criteria which must be met by any data in order to be accepted for analysis. These criteria
are:
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(1) Published by a reliable, nationally-recognized organization and available to the
public;

(2) Updated on a regular basis; and

(3)  Able to be normalized to account for changes in the building stock and the level of
construction activity.

These three criteria are appropriate for establishing the baseline measures for each goal for
each of the two phases shown in Table 2-1. These criteria are also appropriate for any
data associated with measures of progress for each goal.

2.5.2 Identify and Collect Data

Matching data to goals employs the two phases shown in Table 2-1, beginning with Phase
I. The objective of this step is to begin with those goals where data is both well-defined
and readily available. This strategy enables us to gain experience from the outsét, learn
from these experiences, and modify the data collection effort accordingly.

The Phase 1 effort is divided into three stages. The first stage focused on Goal 7 (i.e.,
Construction Worker Illnesses and Injuries). In this stage, two hierarchies for classifying
data were established prior to initiating the data collection effort. The first hierarchy
produced an overlay of the construction industry Standard Industrial Classification (SIC)
Codes and the four construction industry sectors used in this study. The second hierarchy
was purely data oriented. Both hierarchies produced “workable” baseline measures. The
purpose of the first stage was to evaluate if, or how, the data collection effort was to be
refined. No refinements were identified.

The second stage focused on the two “highest priority” goals, (Goal 1 and Goal 2.
Wherever “pockets” of good data existed (e.g., selected information on delivery time for
the residential and industrial sectors), they were collected and analyzed. This stage, like
the first, began with the establishment of two data classification hierarchies. A key
difference between the first and second stages was the second stage’s use of a
comprehensive “idealized”. sector-specific hierarchy as a starting point. The idealized
hierarchy was then modified to reflect data constraints. The resultant data-oriented
hierarchy was similar to the purely data-oriented hierarchy produced for Goal 7 but with
slightly better sector definition. Completion of the second stage revealed no refinements
to the data collection effort. However, several caveats associated with the interpretation
of the baseline measures were noted (see Section 2.5.5).

The third stage will focus on Goal 6 (i.e., Durability and Flexibility). It is anticipated that
upon completion of the third stage, refinements to the data collection effort will be
identified. In particular, whether to establish linkages between durability and flexibility, or
to treat the two major components of Goal 6 as separate entities.
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The Phase 11 effort is not planned for initiation until the Phase I effort is nearly completed.
This strategy is based on the assumption that experience gained in the Phase I data
collection efforts, particularly during the second and third stages, will suggest sources and
ways in which data on Phase 11’s goals can be collected and analyzed.

2.5.3 Consensus on Key Measures and Supporting Data

Gaining consensus is essential if the data are to be useful to the construction industry and
hence used to measure improvement towards goal attainment. This “consensus building”
step is composed of five parts. The five parts are:

(1)  Conduct analytical studies of the “Phase” data and other data recommended by the
C&B Subcommittee;

(2)  Produce a “Set” of proposed data and derived measures (e.g., baseline measures
and measures of progress);

(3) Form a “Focus Group” from the C&B Subcommittee member organizations,
industry representatives, and other interested parties to discuss the proposed data
and derived measures;

4) Brief the C&B Subcommittee on progress and solicit feedback; and

) Revise the data and derived measures and present findings to the C&B
Subcommittee

Data collected on baselines and measures of progress for each phase will go through this
step. For the Phase I goals, a single iteration should be sufficient. For the Phase Il goals,
multiple iterations may be required.

2.5.4 Production and Dissemination of Baseline Measures and Measures of Progress

Based on the focus group discussions and feedback from the C&B Subcommiittee, the data
sets and derived measures are finalized for each goal. The data are delivered initially in
the form of tables and reports. No data are disseminated on individual companies.
Potential outlets for the baselines and measures of progress include the C&B
Subcommittee member organizations and the four sector council member organizations. In
order to reach an even larger audience, data will be incorporated into a computerized
delivery system and made available on the World Wide Web.

2.5.5 Limitations of the Project Approach
The project approach described in Sections 2.5.1 through 2.5.4 has two basic limitations.

It is important for readers to understand what these limitations are and how they affect the
values of the baseline measures presented in this document or other reports focused on the
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National Construction Goals. The two basic limitations of the project approach are
concerned with the availability of data and the selection of data, information, and metrics
for inclusion with (or exclusion from) the baseline measures.

The first limitation to the project approach is concerned with the availability of data. Data
availability problems manifest themselves in three ways: (1) unspecified functional
relationships between metrics within a given goal (e.g., linkages among components at a
lower level in the goal’s hierarchy): (2) no data for a specific goal/sector combination; and
(3) incommensurate base-year data (e.g., no information is available prior to 1996).

The first two problems are being addressed through research. Extensive research has been
done and continues on sources of data. This research has uncovered several research
reports that address ways in which components associated with a goal can be modeled.
Several research reports providing “point” estimates for a goal/sector component have
also been uncovered. Unfortunately, while these reports provide valuable insights, they
lack specificity. In the first case, although the research reports imply functional
relationships (i.e., a linkage mechanism), the functional form is unspecified. For example,
both Goal 3--Productivity and Comfort--and Goal 6--Durability and Flexibility--have two
major components. Ideally, these components would be linked via a functional
relationship. The alternative is to treat each component as a separate and distinct entity.
In the second case, one of a kind “estimates” or “information’ are tantamount to no data.
There is no opportunity to replicate the results without repeating the research which
produced the “estimates” or “information” in the first place.

The third problem, incommensurate base-year data, is being addressed through a set of
carefully stated caveats. If data are being collected now which satisfy the criteria for data
selection but were not available in 1994 (i.e., the year specified for the baseline measures),
then they still represent meaningful metrics. The caveats come in regarding how to
interpret the values of these metrics. In cases where such caveats are made (e.g.,
delivery time metrics for the three non-residential sectors), they are stated clearly. In
addition, guidance is given on how to interpret the values of these metrics vis-a-vis the
goal.

The second limitation stems from decisions the project team made regarding what was to
be included in or excluded from the baseline measures. Although our objective is to
produce baseline measures for each goal/sector combination, it became necessary to
include some types of information only at a higher level of aggregation (e.g., at the
construction industry level rather than the individual sector level). Similarly, decisions
were made to exclude some types of information for which data were available but their
inclusion would provide no new insights. In both cases--whether data were included at a
higher level of aggregation or excluded from the document--the authors have clearly
stated their reasons and given guidance to help readers interpret the results.
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2.6 How This Document Helps

This document is part of a series. As such, it provides perspective on the overall effort to
develop baseline measures and measures of progress for each of the seven National
Construction Goals. It also serves to highlight how these measures and their associated
metrics can be used to drive performance improvement. '

On a deeper level, this document provides step-by-step descriptions of how to construct a
well-defined set of baseline measures, their components, and associated metrics for a
specific goal for each of the four construction industry sectors. Information on data
classification, data sources, and data collection and analysis provide the underpinnings for
the results presented in this document. It is anticipated that once users of this document
have understood the vital role of metrics as a process improvement tool, they will see how
the National Construction Goals will benefit both their organization and the US
construction industry.
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3. Overview of the Construction Industry

The construction industry is a key component of the US economy and is vital to the
continued growth of the US 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 allow existing households to expand or improve their homes. It is clear that
construction activities affect nearly every aspect of the US economy. However,
construction activities are also strongly affected by the health of the economy and the
associated business cycle."

This chapter provides a snapshot of the US construction industry. As such, it provides the
context within which baseline measures are developed, a subject which occupies the
remainder of this document. The chapter contains four sections. Each section deals with
a particular topic. The topics progress from general in nature to very specific. This
progression is described below.

First, information on the value of construction put in place is provided to show the size of
the construction industry and each of its four sectors--residential, commercial/
institutional, industrial, and public works. Second, information on the nature of
construction activity for each sector of the industry is presented. The Standard Industrial
Classification (SIC) Codes for the construction industry are introduced and described as a
means for organizing construction activity. Information on the nature of construction
activity includes breakouts between new construction activities, maintenance and repair
activities, and additions and alterations activities. The challenge of developing annual
estimates for each sector by nature of construction activity is described. Examples are
given which demonstrate how different data sources result in major differences in a
particular year’s estimates. Third, information on employment in the construction industry
is summarized and a series of employment-related statistics are presented. The SIC Codes
for the construction industry are used as a means for organizing key employment-related
information. Comparisons between employment and output in the construction industry
and employment and output in the overall US economy are also included. Fourth,
information on cost trends (e.g., average cost per square foot for residential and non-
residential buildings) and on other, special considerations, is presented.

3.1 Value of Construction Put in Place

This section provides information on a key indicator of construction activity, the value of
construction put in place. Data published by the US Bureau of the Census are used to
establish the composition of construction expenditures by type of construction/function
(e.g., non-residential/office building). These expenditures are then assigned to the four

19 Readers interested in learning more about construction statistics, their sources and interpretation, are
referred to an excellent source document by Rogers (Rogers, R. Mark. 1994. Handbook of Key Economic
Indicators. Burr Ridge, IL: Irwin Professional Publishing).
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key construction industry sectors. The reference document used throughout this section is
the Current Construction Reports series C30 publication Value of Construction Put in
Place."" A brief description of the “C30 report” follows. Special attention is given to the
organization of the data in the C30 report and how these data map into the four key
construction industry sectors. The section concludes with tabular and graphical
summaries of the value of construction put in place.

Current Construction Reports Series C30

Construction expenditures data are published monthly in the Current Construction
Reports series C30 publication Value of Construction Put in Place. Construction
expenditures refer to actual construction rather than planned or just initiated activity. It is
noteworthy that the C30 report covers both private residential and non-residential
construction activities and public sector construction activities.

The value of construction put in place is a measure of the value of construction installed or
erected at a site during a given period. For an individual project, this includes: (1) cost of
materials installed or erected; (2) cost of labor (both by contractors and force account
(i.e., construction done for own use)) and a proportionate share of construction equipment
rental; (3) contractor’s profit; (4) cost of architectural and engineering work; (5)
miscellaneous overhead and office costs chargeable to the project on the owner’s books;
and (6) interest and taxes paid during construction. Expenses do not include the cost of
land nor do they include maintenance and repairs to existing structures or service facilities.

The C30 data are compiled via survey and through indirect estimation. In the context of
the C30 survey, construction includes the following: (1) new buildings and structures; (2)
additions, alterations, conversions, expansions., reconstruction,  renovations,
rehabilitations, and major replacements (e.g., the complete replacement of a roof or a
heating system); (3) mechanical and electrical installations (e.g., plumbing, heating,
electrical work, and other similar building services); (4) site preparation and outside
construction of fixed structures or facilities (e.g., sidewalks, highways and streets, water
supply lines, sewers, and similar facilities which are built into or fixed to the land); (5)
installation of boilers, overhead hoists and cranes, and blast furnaces; (6) fixed, largely

site-fabricated equipment not housed in a building (e.g., petroleum refineries and chemical

plants); and (7) cost and installation of construction materials placed inside a building and
used to support production machinery (e.g., concrete platforms, overhead steel girders
and pipes, etc.). It is important to note that the C30 survey produces information not
only on the value of new construction put in place but also contains an unquantified
component for additions and alterations for the non-residential sectors.

The data presented in the C30 report are divided into two parts: (1) private construction;
and (2) public construction. These data are summarized in Table 3-1. The table records
annual values (in millions of constant 1992 dollars) for the years 1992 through 1996.
Separate column headings showing the type of construction/function and the assigned

'" Throughout this chapter, reference is made to the Current Construction Reports series C30
publication. These references include both how it is used as the basis for other sets of calculations
presented in this chapter and as a vehicle for comparing calculations based on other Census publications.
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sector--R for residential, C for commercial/institutional, I for industrial, and P for public
works--are also included. The sector assignment was made by the authors.

Private construction contains two major components--residential buildings and non-
residential buildings--plus a number or subcomponents. Both the two major components

-and the various subcomponents are shown as headings in the first column of Table 3-1.

The residential buildings component includes new private housing and improvements.
New private housing includes new houses, apartments, condominiums, and town houses.
New private housing units are classified as “l unit” or “2 or more units.” The value of
improvements put in place are a direct measure of the value of residential additions and
alterations activities.  Consequently, improvements are not included in the "new
construction" residential sector totals recorded at the bottom of Table 3-1.

The non-residential buildings component includes industrial, office buildings, hotels and
motels, and “other commercial” (e.g., shopping centers, banks, service stations,
warehouses, and other categories). Also falling under the non-residential buildings
component are religious, educational, hospital and institutional, and “miscellaneous” non-
residential buildings.

Rounding out the private constrilction component are farm non-residential, public utilities,
and “all other private.” These are generally of a non-residential nature but are not part of
non-residential buildings. Farm non-residential construction includes structures such as
barns, storage houses, and fences. Land improvements such as leveling, terracing, ponds,
and roads are also a part of this subcomponent. Privately owned public utilities
construction is categorized by industry rather than function of the building or structure.
This subcomponent includes expenditures made by utilities for telecommunications,
railroads, petroleum pipelines, electric light and power, and natural gas. “All other
private” includes privately owned streets and bridges, sewer and water facilities, airfields,
and similar construction. '

For public construction, there are two major components--building and non-building. Both
the two major components and the various subcomponents are shown as headings in the
first column of Table 3-1. The building component contains subcomponents similar to
those for private construction, with educational buildings being the largest subcomponent.
Expenditures for the non-building component overwhelmingly consist of outlays for
highways and streets, with sewer systems being a distant second subcomponent.

To get the "new construction" sector totals, which appear in the bottom portion of Table
3-1, each subcomponent was assigned to a sector and summed. The sector assignments
are recorded in the second column of Table 3-1. Reference to the bottom portion of the
table reveals that sector totals vary considerably, with residential being the largest and
industrial the smallest.

)]
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Table 3-1. Value of New Construction Put in Place: 1992 to 1996

VALUE OF CONSTRUCTION PUT IN PLACE (SERIES C30)

Assigned

Type of Construction Sector Constant 1992 Dollars in Millions

1992 1993 1994 1995 1996
Total construction 451,998 461,078 480,965 474,426 493,587
Private construction 336,126 347,851 367,265 359411 378,150
Residential buildings 187,687 200,502 218,005 201,682 212,069
New housing units 129,522 137,243]° 153,250 142,413 153,965
1 unit R 116,419 126,960 140,416 126,773 136,516
2 or more units R 13,103 10,283 12,833 15,640 17,449
Improvements 58,165 63,259 64,755 59,268 58,104
Nonresidential buildings 105,615 106,729 111,416 120,627 130,394
Industrial | 29,027 25,554 26,803 29,043 28,003
Office C 20,271 20,197 20,553 22,891 24,099
Hotels, motels C 3,690 4,405 4,308 6,351 10,263
Other commercial C 29,172 31,292 34,756 38,098 41,301
Religious C 3,483 3,748 3,584 3,864 3,961
Educational C 4,475 4,484 4,471 4,908 5,790
Hospital and institutional C 11,485 12,050 11,377 10,051 10,460
Miscellaneous C 4,011 5,000 5,565 5421 6,516
Farm nonresidential C 2,396 3,271 3,008 2,693 2,736
Public utilities P 36.859 34,120 32,074 31,767 30,842
Telecommunications P 9,005 9,468 9,785 10,071 10,420
Other public utilities P 27,854 24,652 22,289 21,696 20,422
Railroads P 2,926 3,056 3,186 3,202 4,030
Electric light and power P 17,184 15,096 13,877 12,656 11,191
Gas P 6,895 5,536 4,308 5,004 4,291
Petroleum pipelines P 849 965 918 834 910
All other private P 3,569 3,229 2,763 2,644 2,109
Public construction 115,872 113,227 113,700 115,014 115,437
Buildings 49,988 46,813 45,177 47,832 49,415
Housing and development R 4,136 3,833 3,326 3,754 3,881
Industrial 1 1,875 1,658 1,358 1,348 1,216
Educational C 20,645 18,465 17,593 19,237 20,131
Hospital C 3,383 3,579 3,787 3,854 3.981
Other C 19,949 19,279 19,114 19,638 20,207
Highways and streets P 33,132 34,164 36,151 33,500 33,297
Military facilities P 2,502 2,405 2,196 2,729 2,225
Conservation and development P 5,946 5,771 6,091 5,773 5,244
Sewer systems P 9,658 8,622 8,592 8,975 9,060
Water supply facilities P 5,170 4,868 4,443 4,923 5,121
Miscellaneous public P 9,475 10,583 11,050 11,282 11,075
New Construction
SECTOR TOTALS and SUMMARY
Residential (R) 133,658 141,076 156,576 146,167 157,846
Commercial/lnstitutional (C) 122,960 125,770 128,116 137,006 149,445
Industrial (1) 30,902 27,212 28,161 30,391 29,219
Public Works (P) 106,311 103,762 103,360 101,593 98,973

Table 3-1 highlights an important distinction between the residential sector and the three
non-residential sectors. Reference to the “Residential Buildings” component of the table
(i.e., the entry immediately below the heading Private Construction) for the year. 1992
produces a value of $187,687 million. This value differs from the value for the residential
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sector, $133,658 million, given immediately below the heading of SECTOR TOTALS
and SUMMARY in the bottom portion of the table. The reason for the difference is due
to the exclusion of the value of private residential improvements (i.e., additions and
alterations) and the inclusion of the value of public housing and development. Because
the values given in the bottom portion of Table 3-1 are estimates of the values of new
construction put in place, it is necessary to net out the value of residential improvements.
While this is a straightforward process for the private residential sector, no specific
information on additions and alterations is published in the C30 report for either the three
non-residential sectors or for public housing and development. Consequently, we have
assumed that the values for additions and alterations for the three non-residential sectors
and for public housing and development are zero. This implies that the sector totals for
commercial/institutional, industrial, and public works are the values of new construction
put in place for each of the years 1992 through 1996. A rationale for this assumption is
given in the next section, which covers the nature of construction activities.

Figure 3-1. Value of New Construction Put in Place: 1992 to 1996
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The Table 3-1 sector totals and the overall construction industry totals for the value of
new construction put in place are shown graphically in Figure 3-1. The horizontal axis of
the figure records the year, from 1992 through 1996. The vertical axis records the value
of new construction put in place, in millions of constant 1992 dollars. Each trace is keyed
to designate either the sector or the overall total.
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3.2 Nature of Construction Activity

The nature of construction activity may be conveniently classified as either new
construction, additions and alterations, or maintenance and repair. Definitions of each are
as follows.

New construction activities include the complete original building of structures and
essential service facilities and the initial installation of integral equipment such as
elevators and plumbing, heating, and air-conditioning supplies and equipment.

Additions and alterations include construction work which adds to the value or
useful life of an existing building or structure, or which adapts a building or
structure to a new or different use. Included are major replacements of building
systems such as the installation of a new roof or heating system and the resurfacing
of streets or highways. This contrasts to the repair of a hole in a roof or the
routine patching of highways and streets, which would be classified as maintenance
and repair.

Maintenance and repair activities include incidental construction work which
keeps a property in ordinary working condition. Excluded are trash and snow
removal, lawn maintenance and landscaping, cleaning and janitorial services.

This section presents information from three different data sources: (1) the 1992 Census
of the Construction Industry; (2) Current Construction Reports series C30, Value of
Construction Put in Place; and (3) Current Construction Reports series C50,
Expenditures for Residential Improvements and Repairs. Although each data source
provides insights into the nature of construction activity, they differ in degree of detail,
frequency of publication, and sector coverage. Brief descriptions of the 1992 Census of
the Construction Industry and the “C50 report” are given in the text that follows.
Readers seeking information on the C30 report are referred to Section 3.1 of this
document.  Statistics from each source are also presented and, where appropriate,
comparisons are made. :

1992 Census of the Construction Industry

The Census of the Construction Industry is conducted every five years. The construction
industry is one of seven industries tabulated as part of the Economic Census. The
Economic Census is highly detailed. However, because the Economic Census is
performed only in years ending with 2 or 7, 1992 is the latest year for which such highly
detailed construction industry data are available.

The census of the construction industry enumerates establishments with paid employees
engaged primarily in one of the following three areas: (1) constructing-new homes and
other buildings; (2) heavy construction, such as highways; and (3) special trades, such as
plumbing and electrical work. Most construction establishments are described as
contractors (€.g., general contractors and special trades contractors), but the census also
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includes operative builders who construct buildings or other structures on their own
account to be sold when completed.

A “construction establishment” is defined as a relatively permanent office or other place of
business where the usual business activities related to construction are conducted. With
some exceptions, a relatively permanent office is one that has been established for the
management of more than one project or job and which is expected to be maintained on a
continuing basis. Such “establishment” activities include, but are not limited to,
estimating, bidding, purchasing, supervising, and operation of the actual construction
work being conducted at one or more construction sites. The census did not require
separate construction reports for each project or construction site. However, companies
with more than one construction establishment were required to submit a separate report
for each such establishment operated during all or any part of 1992.

. For purposes of the census, construction establishments are classified by kind of business

according to the principal work performed. There are three major Standard Industrial
Classification (SIC) Groups--two-digit SIC Codes--in the construction industry:

15 Building construction--general contractors and operative builders
16 Heavy construction other than building construction--contractors
17 Special trade contractors

These major SIC Groups are sub-divided into 13 three-digit SIC Codes which in turn are
sub-divided into 26 four-digit SIC Codes. Table 3-2 provides a description of each of the
26 four-digit SIC Codes. Part A of the table covers the two-digit SIC Codes 15 (building
construction--general contractors and operative builders) and 16 (heavy construction other
than building construction--contractors); Part B of the table covers the two-digit SIC
Code 17 (special trade contractors).

Data tabulated in the 1992 Census of the Construction Industry provide information
grouped by the types of buildings, structures, or other facilities being constructed or
worked on by construction establishments in 1992. Respondents were instructed to .
classify each building, structure, or other facility in terms of its function. For example, a
restaurant building was to be classified in the restaurant category whether it was designed
as a commercial restaurant building or an auxiliary unit of an educational institution. If
respondents worked on more than one type of building or structure in a multi-building
complex, they were instructed to report separately for each building or type of structure.
If they worked on a building that had more than one purpose (e.g., office and residential),
they were asked to classify the building by major purpose. In addition, all respondents
were requested to report the percentage of the value of construction work done for new
construction, additions and alterations, and maintenance and repair activities for each type
of building, structure, or facility.
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The detailed breakout for new construction, additions and alterations, and maintenance
and repair activities provided by the 1992 census is noteworthy because prior to 1987,
construction receipts only were collected. In 1987 and 1992, the value of construction
work was collected to better measure actual construction activity done during the year.
This conceptual change was made because receipts during a calendar year may include
advance payments or payments for work done in a prior year, and thus not accurately
reflect construction work done during the census year. For certain key industries, such as
operative builders and developers, receipts and work done may also differ because receipts
do not include work contractors perform for their own account and use, which can be
substantial.

At the time of the 1992 census, there were about 1.4 million construction establishments,
and about one third of them had paid employees. Establishments without payroll, typically
one-person operations or partnerships, were not surveyed by the US Bureau of the
Census. The Bureau of the Census did, however, obtain a limited amount of data on self-
employed construction workers from the administrative records of other Federal agencies.

Current Construction Reports Series C50,
Expenditures for Residential Improvements and Repairs

The C50 report is published quarterly; it presents improvement and repair expenditures by
property owners for residential properties. Data presented in the C50 report are based on
personal interviews obtained from household members as part of the Consumer
Expenditure Surveys conducted by the Bureau of the Census for the Bureau of Labor
Statistics. These data cover single and multi-unit structures, publicly- and privately-
owned structures, non-farm and farm properties, and residential properties which are
occupied by owners or renters or are vacant.'’

The expenditures covered in the C50 report are those connected with construction activity
intended to maintain or improve the property. These expenditures involve expenses for
maintenance and repair, additions, alterations, and major replacements which are made to
the property by the owners. Included are all costs, for both the inside and outside of the
house, whether on the main dwelling, on other structures on the property incidental to the
residential use of the main dwellings, or for the grounds on which the structures are
erected.

2 Expenditures made by renters are not included in the C50 report. A study of renters’ expenditures
conducted in 1989 showed that they accounted for less than one percent of all expenditures for
improvements and repairs.
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Table 3-2. Four-Digit SIC Codes for the Construction Industry

Part A: Two-Digit SIC Codes 15 (Building Construction - General Contractors
and Operative Builders) and 16 (Heavy Construction Other than Building
Construction - Contractors)

SIC Code Label Description

1521 General contractor - single-family Includes townhouses, repair of

houses mobile homes on site, and assembly
of premanufactured and modular
: units

1522 General contractors - residential Includes hotels, motels, and
buildings other than single-family dormitories

1531 Operative builders Condominiums, cooperative

apartments, and singe-family houses
built by developers to sell, instead of
as contractors working for other
companies

1541 General contractors - industrial Includes grain elevators and
buildings and warehouses automobile assembly,

' pharmaceutical manufacturing, and
aluminum plants

1542 General contractors - nonresidential | Commercial, institutional, religious,
buildings, other than industrial and amusement and recreational
buildings and warehouses buildings

1611 Highway and street construction, Roads, streets, alleys, public
except elevated highways sidewalks, guardrails, parkways, and

airports (general and special-trade
contractors)

1622 Bridge, tunnel, and elevated highway | Bridges, viaducts, elevated
construction highways, and highway, pedestrian,

and railway tunnels (general
construction)

1623 Water, sewer, pipeline, and Includes transmission towers
communications and power-line (general and special-trade
construction contractors)

1629 Heavy construction, not elsewhere For instance, athletic fields, blasting

classified

(except building demolition), canals,
dams, hydroelectric plants, land
clearing, nuclear reactor
containment, petroleum refineries,
piers (general and special-trade
contractors)
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Part B: Two-Digit SIC Code 17 (Special Trade Contractors)
SIC Code Label Description
1711 Plumbing, heating, and air conditioning Includes drainage system installation,
cesspool, and septic tank; lawn sprinkler
system; sewer hookups for buildings; solar
heating; and related sheet metal work
1721 Painting and paper hanging Excludes roof painting
1731 Electrical work Covers work on site, including installation
of telephones and alarms
1741 Masonry, stone setting, and other stone Excludes foundation digging and concrete
work work
1742 Plastering, drywall, acoustical, and Includes installation of lathing and other
insulation work accessories to receive plaster
1743 Terrazzo, tile, marble, and mosaic work Excludes manufacture of precast terrazzo
steps, benches, and other terrazzo articles
1751 Carpentry work Includes on-site installation of cabinets,
folding doors, framing, ship joinery, store
fixtures, trim and finish, and prefab
windows and doors
1752 Floor laying, and other floor work, not Includes laying and removal of carpet,
elsewhere classified finishing of parquet flooring, installation of
asphalt tile. Excludes ceramic floor tile,
concrete floors
1761 Roofing, siding, and sheet metal work Includes metal ceilings skylight, gutter, and
downspout installation; roof painting and
spraying
1771 Concrete work Includes private driveways and walks of all
materials. Excludes concrete foundations,
excavations, public sidewalks, and
highways
1781 Water well drilling Excludes oil- or gas-field water intake wells
1791 Structural steel erection (ironwork) Includes similar products of prestressed or
precast concrete and placing of concrete
reinforcement
1793 Glass and glazing work Excludes automotive
1794 Excavation work Includes grading (except for highways,
’ streets and airport runways) and incidental
concrete work
1795 Wrecking and demolition Includes concrete breaking for streets and
dismantling of steel oil tanks. Excludes
marine wrecking and demolition
1796 Installation or erection of building Includes elevators, pneumatic tube systems,
equipment, not elsewhere classified small incinerators, dust-collecting
equipment, and revolving doors. Also
includes dismantling and maintenance
1799 Special trade contractors, not elsewhere Includes construction of swimming pools
classified and fences, house moving, shoring work,
fireproofing, and sandblasting and
steamcleaning of building exteriors

ERIC

Aruitoxt provided by Eic:
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As a general principle, expenses connected with items not permanently attached or affixed
to some part of the house or property are outside the scope of the C50 report. Thus,
expenses connected with the repair or replacement of household appliances (e.g., stoves,
refrigerators, etc.) are excluded, as are costs connected with house furnishings. While the
costs of appliances are excluded, the construction costs of building-in such appliances
(e.g., the cost of building-in a wall oven) are included in the scope of the C50 report.
Expenditures for grading, draining, fencing, and paving are included, but the costs of
landscaping are not included in the C50 report.

The kinds of expenditures included cover work done under contract or with hired labor,
and the costs of purchasing or renting tools and equipment for purposes of carrying out
jobs which fall within the scope of the C50 report. However, no attempt is made to
estimate or include the value of labor in ‘do-it-yourself’ jobs.

The types of expenditures are classified broadly as either maintenance and repair or
construction improvements. Maintenance and repair expenditures represent current costs
for incidental maintenance and repair activities which keep a property in ordinary working
condition, rather than additional investment in the property. Expenditures for construction
improvements are capital expenditures which add to the value or useful life of a property.
Improvements are further classified as additions to residential structures (€.g., enlargement
of the structure by adding a room), alterations within residential structures (e.g., changes
or improvements made within or on the structure), additions and alterations on property
outside residential structures (e.g., laying or improving walks or driveways), and major
replacements (e.g., a roof replacement).

Summary of Key Data Sets and Selected Comparisons

At this point, it is useful to compare the three data sets and examine the differing values
for new construction, maintenance and repair, and additions and alterations which result
for a single year (1992) or across years for a single sector (residential). The first set of
comparisons and data summaries are for the 1992 Census of the Construction Industry
(CCI) and the estimates for new construction, maintenance and repair, and additions and
alterations “derived” from the C30--Value of Construction Put In Place--report (VIP).
The second set of comparisons and data summaries trace annual expenditure estimates for
residential maintenance and repair and additions and alterations “derived” from the C30
report data alongside data published in the C50 report.

The Bureau of the Census recognizes that only about two-thirds of the construction as
defined in VIP is actually done by the construction industry as defined by the CCIL."
Examples of construction work included within the VIP estimates but excluded from the
CCI are architectural and engineering design and force-account construction. Also
outside the scope of the CCI is work done by non-employers (i.e., self-employed

1* US Department of Commerce. 1997. Overview of Construction Statistics Programs. Draft Mimeo.
Washington, DC: US Bureau of the Census.
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construction workers). Thus, in developing comparisons between VIP and CCI data,
estimates and assumptions have to be made for these differences.'*

The VIP, C30 report data, were used as the basis for deriving estimates for new
construction, maintenance and repair, and additions and alterations expenditures for each
sector for each year between 1992 and 1996. Information from the CCI was used to
construct a series of multipliers; one set for each sector. One component of each sector’s
set of multipliers recorded the ratio of maintenance and repair expenditures to new
construction expenditures. The other component of each sector’s set of multipliers
recorded the ratio of expenditures for additions and alterations to new construction
expenditures. To develop a framework for deriving these estimates, it was necessary to
make eight assumptions. These assumptions are as follows; they are enumerated from A.1
to A.8.

Al Expenditures for new residential construction for each year, derived from
the C30 report data, equal expenditures for private residential buildings
plus expenditures for public housing and development Jess expenditures for
residential improvements (see Table 3-1).

A2 Expenditures for new non-residential construction for each year, derived
from the C30 report data, equal the unadjusted sector expenditure totals
(see Table 3-1)."

A3 Multipliers for maintenance and repair activities for each sector for each
year are a fixed proportion equal to the ratio of that sector’s CCI
expenditures for maintenance and repair activities to that sector’s CCI
expenditures for new construction.

A4 Multipliers for additions and alterations for each sector for each year are a

. fixed proportion equal to the ratio of that sector’s CCI expenditures for

additions and alterations to that sector’s CCI expenditures for new
construction.

A5 Expenditures for residential maintenance and repair activities in a given
year equal that year’s new construction value as defined in A.1 times the
fixed proportion multiplier for the residential sector defined in A .3.

A.6 Expenditures for non-residential maintenance and repair activities for a
given sector in a given year equal that year’s new construction value as
defined in A.2 times the fixed proportion multiplier for the appropriate
non-residential sector as defined in A.3.

14 :
Ibid., p.26. »
"% Note that the C30 report data contain an unquantified component for additions and alterations.
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A7 Expenditures for residential additions and alterations in a given year equal
that year’s new construction value as defined in A.1 times the fixed
proportion multiplier for the residential sector defined in A.4.

A8 Expenditures for non-residential additions and alterations for a given sector
in a given year equal that year’s new construction value as defined in A.2
times the fixed proportion multiplier for the appropriate non-residential
sector as defined in A.4.

Figure 3-2 shows the results of applying these assumptions to the C30 report (VIP) data
for 1992 and plotting them side-by-side with the CCI data. Notice that each component--
new construction, maintenance and repair, and additions and alterations--is higher for the
“derived” VIP data than for the CCI data. The underlying assumptions, however, are
plausible because the CCI contains only about two-thirds of the construction activity
covered in the VIP (e.g., CCI only includes establishments with payroll and excludes items
such as architectural and engineering services which in 1992 amounted to approximately
$50 billion). -

The “derived” total for all construction expenditures shown in Figure 3-2 may be broken
down into its constituent parts. This break down is shown in Figure 3-3 for the year 1992.
Reference to Figure 3-3 reveals that 61 percent, or $393.8 billion, of all construction
expenditures are associated with the value of new construction put in place. Expenditures
for additions and alterations amounted to $156.5 billion, or 24 percent of the total.
Expenditures for maintenance and repair activities amounted to $93.3 billion, or 15
percent of the total.

When assumptions A.5 and A.6 are applied, annual estimates for the value of maintenance
and repair expenditures for each sector result. These sector estimates are plotted, as
multi-year traces keyed to each sector, in Figure 3-4. These “derived” estimates exhibit a
slight upward trend. Maintenance and repair expenditures in the commercial/institutional
sector are the highest in each year while maintenance and repair expenditures in the
industrial sector are the lowest in each year.

When assumptions A.7 and A.8 are applied, annual estimates for the value of expenditures
for additions and alterations for each sector result. These sector estimates are plotted, as
multi-year traces keyed to each sector, in Figure 3-5. As was the case for maintenance
and repair expenditures, expenditures for additions and alterations exhibit a slight upward
trend. Reference to Figure 3-5 reveals that the dollar value of expenditures for additions
and alterations in the commercial/institutional sector are about two to three times the
amount for the other sectors.
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Figure 3-2. Total Value of Construction Work: Comparison of Value Put in Place

and 1992 Census of the Construction Industry
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Figure 3-4. Annual Expenditures for Maintenance and Repair Activities by Sector

‘= . .

30000
‘ 25000
; 2 K
2 20000 —+— Commercial/Institutional
l E —B— Residential
* —&— Puyblic Works
5 15000
] 3 —>—|ndustrial
N ™~
\ 2 10000
. "4
2 5000
[
L%
0
1992 1993 1994 1995 1996
Year

Figure 3-5. Annual Expenditures for Additions and Alterations by Sector

80000

70000 - —

60000

50000
—+— Commercial/Institutional

—8— Residential
—&— Public Works
—> |ndustrial

40000 %

30000

20000

Coistant 1992 Doliars in Millions

10000

1992 1993 1994 1995 1996
Year

ERIC o 04

Aruitoxt provided by Eic:



Although information on expenditures for maintenance and repairs and additions and
alterations is not available for all four construction industry sectors, such information is
available for the residential sector via the C50 report. Figure 3-6 shows these data side-
by-side with the derived C30 data. Figure 3-6 consists of a series of bar charts; four bars
for each year. For each year, maintenance and repair expenditures are the two leftmost
bars and expenditures for additions and alterations are the two rightmost bars. For each
two-bar set (i.e., maintenance and repair or additions and alterations), the left-hand bar
records the annual combined total for estimates derived from the C30 report data and the
CCI multipliers (i.e., based on assumptions A.1, A.3, A4, A.5, and A.7). Similarly, for
each two-bar set, the right-hand bar records the annual combined total for data published
in the C50 report. The values underlying each year’s set of bars are given in Table 3-3.
Reference to Figure 3-6 and Table 3-3 shows that the estimated values for the C30/CCI
derived data are about two-thirds of the expenditures resulting from the C50 report data.
There are two plausible explanations for these differences. First, the CCI does not capture
information on construction establishments without employees.  Although such
establishments are not expected to be major players in the non-residential sector, they are
often very active in the residential maintenance and repair and additions and alterations
markets. These activities are captured through the C50 survey process. Second, the CCI
does not capture information on materials and equipment purchases by residential property
owners for use in maintenance and repair and additions and alterations activities. Because
the C50 survey is aimed at residential property owners, it captures information on
purchases of materials and equipment.

Table 3-3. Comparison of Derived Data and Household Survey Data for Total
Expenditures on Improvements and Maintenance an