Data sources and methods for measuring multifactor productivity in the
utility services industries (SIC 49).

| . Measurenent framework
Definitions

Mul tifactor productivity is defined as output per unit
of conbined inputs of capital, |abor, energy, materials, and
pur chased busi ness services. Since MFP growh is being
nmeasured for a small group of industries here, it is
particularly inportant that internedi ate inputs--energy,
materials, and services--are explicitly included."”

I ncluding internediate inputs inplies a broad
definition of output. G oss output would equal all sales by
utilities, including those to other utilities. W devel op

measures of "sectoral output,” defined as sales to custoners
outside the utility services sector, intra-industry sal es
being omtted. Sectoral output differs fromgross output in
that it avoids double counting of intra-industry
transactions. These transactions are inportant for electric
and gas utilities due to substantial amunts of gas and
electricity resold anong utilities, and to consunption of

gas by electric utilities. Intra-industry sales of gas and

electricity are excluded frominput as well as from output.

"Measures of productivity for large sectors of the econony may be
defined in terns of real value added output relative to | abor and
capital inputs. Because npost internediate inputs are both
produced and consunmed within | arge sectors, val ue-added nmeasures
avoi d doubl e counting of intermediate transactions. But for M-P
measures of smaller groups of industries, such as the utilities
sector, if intermediates were omtted, any econom es or

di seconom es in their use would not be reflected in the
productivity measure.



Uility conpanies are typically engaged in two nmgjor
types of activities: the delivery of utility services and
the construction of facilities. Construction work perfornmed
by utilities is considered an output of the construction
i ndustry and not the utility services industry because it is

a fundamentally different type of production.?

Conput at i ons

The neasure of nultifactor productivity is an index
conputed by chai ning annual rates of multifactor
productivity growh. The MFP growh rate is conputed as the
rate of growh in sectoral output less the rate of growmh in

conbi ned, or “aggregate”, inputs:

Aln A= Aln Y - Aln 1|, (1)

where: Aln refers to differences in successive |ogarithns,
A is an index of multifactor productivity,
Y is an index of sectoral output, and
| is an index of aggregate input.

The measure of aggregate input, I, is conputed as a
Torngvi st index of the five major types of inputs, as
follows.® First, annual rates of growh in aggregate input

are conput ed:

> This is the way construction is handled by the Bureau of
Econonmic Analysis of the U S. Departnent of Commerce in their
i nput - out put anal ysi s.

> For further discussion of the nultifactor productivity nodel,
see Trends in Miultifactor Productivity, 1948-81, Bulletin 2178
(Bureau of Labor Statistics, Septenber 1983), pp. 33-34.



Aln I = Z w Aln X, (2)

where: Aln refers to differences in successive |ogarithns,
Xj are quantity indexes of inputs i (i=K L, E MS),
and w, are averages of the factor shares in inconme of
each input (sj) in the current and previous years:

Wit =(sj,t *si,t-1) 71 2. (3

Then the aggregate input index (1) is constructed as a
“chain index", that is, by setting Ig equal to 1 in the
first year and conputing Iy for each successive year--one
year at a time--using the tine series of input growh rates

(Aln I'¢) and the fornula:

lt = 1t.q e Aln I, (4)

Each maj or input nmeasure is a Tornqvist index of nore
detailed input categories, as dictated by the availability
of data. In general, we begin with quantity indexes for
specific inputs at the nost detailed | evel which source data
permt.

Simlarly, total output is conputed as a Tornqvi st
aggregate of quantity indexes for the output of each utility
service, where weights are derived fromthe prices and

guantities of the various types of services.



The mul tifactor productivity index (A) is constructed
fromthe MFP gromth rates (Aln A) of fornmula (1) in the

same way that the aggregate input index (lI) was conputed:

AtzAt_leNnAt.“ (5)

1. Data sources and detail ed net hodol ogy

Fol |l owi ng are descriptions of the data and met hods used
to devel op i ndexes of each major input and each type of
output. In sone instances, data for nore than one three-
digit industry nust be processed together, and the
nmet hodol ogy is presented jointly.” In particular, the
electricity sales data include sales of electricity by
conbi nation electric and gas conpanies. Simlarly, sales of
gas by conbination utilities are included in the gas data.
When sumred, the neasures devel oped separately for electric
utilities and gas utilities enconpass SIC industries 491 to

493.

* The MFP index may al so be conputed as the ratio of the index of
sectoral output (Y) to the index of aggregate input (I), or Y/I.

> There are seven three-digit utility services industries:

491 - Electric Services

492 - Gas Production and Distribution

493 - Conbination Electric and Gas,
and O her Uility Services

494 - Water Supply

495 - Sanitary Services

496 - Steam Supply

497 - Irrigation Systens



Output measures
Qutput - Electric services

Electricity output is neasured in kilowatt hours (KW).
Since the utilities are engaged in distribution as well as
generation of electricity, output is based on KWHs sold to
ultimate consuners, not KWHs generated. Although
electricity mght seemto be honbgeneous, consideration of
the distributive service reveals differences in the product
provided to various types of custoners. |n nmany cases,

i ndustrial custoners receive |larger anounts of electricity
at higher voltage, with resulting |ower unit cost, than
residential custoners; the unit cost of distribution is
inversely related to quantity supplied. For this reason
nost electric utilities enploy a rate structure

di stingui shing several classes of service. 1In the
aggregation of electric services output, KWHs sold to each
class of service are weighted by the price of that service,
in order to take account of differences in relative unit
costs.

The cost of generating electricity at a given plant
will vary with the time of day or season of the year. It is
general ly higher during a "peak | oad" period, primarily
because equi pnent nmay be called into service which is |ess
efficient due to age or because it requires a nore expensive
type of fuel. Industrial custonmers are sonetinmes able to
pay | ower rates by scheduling work to take advantage of off-

peak prices, but residential custoners are not generally



offered this option, and in any event cannot schedul e
consunption to take advantage of such discounts. This
source of disparity between the average prices paid by
residential and industrial custoners is also reflected in
the output series, via smaller price weights applied to

i ndustrial consunption. Simlarly, lower rates resulting
fromlong-termcontracts are captured in the out put
measure. °

The price-wei ghted out put neasure reflects variable
distribution costs, as well as rate differences anong
service classes that are related to generation cost. It
prevents bias in productivity measures due to changes in the
distribution of sales anong service classes. For exanple,

i f output were defined as unwei ghted KWH sal es, productivity
gains would be incorrectly inferred if consunption shifted
toward the | ow cost industrial service.’

Devel opnent of output as descri bed above is nade
possi bl e by excellent source data. The Energy Information
Adm nistration (EIA) of the U S. Departnent of Energy (DCE)
publ i shes electricity sales and revenues by class of service

n8

for "selected investor-owned electric utilities. These

® Gould, J. M, Qutput and Productivity in the Electric and Gas
Uilities 1899-1942 (National Bureau of Econom ¢ Research, 1946).

" Barzel, Yoram "Productivity in the El ectric Power Industry,
1929- 1955, " Revi ew of Econonics and Statistics, Novenber, 1963.

® Energy Information Administration, Office of Coal, Nuclear,
El ectric, and Alternate Fuels, Electric Sal es and Revenue, 1999,
(Washi ngton, U S. Departnment of Energy, Cctober, 2000).



data cover practically all of the privately owned el ectric
utility industry, with which we are concer ned.
Cooperatively- owned electricity production is reported by
the Departnent of Agriculture's Rural Electrification

Adm ni stration (REA), and is used to supplenment the DOE
data.’

Federal and nunicipal electric utility purchases of
electricity fromprivate electric utilities should be
included in output. However, these transactions are
excluded fromoutput in this study, along with sal es between
private electric utilities, because sales for resale are
reported in total by DOE. Related published data indicate
that in 1985 such sales were at nost 6.4 mllion MMH of the

337.1 mllion MMH sold for resale by private utilities.

Qut put - Gas services

By definition, gas utility services include
transm ssion, storage, and distribution of natural gas for
sale, as well as production and or distribution of
manuf act ured, mixed, and |iquefied petroleum (LP) gas.” In
1947 natural gas accounted for 87% of gas supply, with

manuf act ured and m xed gas contributing 8% and 5% of sal es,

° "Conposite Revenues, Nunber of Custoners, and Kil owatt - Hour

Sal es Reported By REA Borrowers Operating Distribution Systens,"
Statistical Report, Rural Electric Borrowers (Washington, U S.
Departnent of Agriculture, Rural Electrification Adninistration).

9 Executive Office of the President, Ofice of Managenent and
Budget. Standard Industrial O assification Manual. Distribution
of LP gas in steel containers is classified in SIC industry 5984.



respectively. By 1955 manufactured gas contributed |ess
t han one percent of output and the share of natural gas had
clinbed to 95% More than 98% of U. S. gas supply was natura
gas in 1975, and 99%in 1994. |In this study, gas service
output is defined as natural gas delivered to final
consunption, with adjustnents to adhere to the sectoral
out put concept within the privately-owned utility industry.
The distribution conponent of gas service prevents it
bei ng a honbgeneous product, and gives rise to |large
differences in gas prices facing various categories of
custoners. I n aggregating output, the quantity of
deliveries in each category is weighted by its price,
yi el ding an i ndex of output that recognizes the different
costs of distribution. Data on deliveries and prices for
residential, commercial, and industrial custoners are

avail able for the period 1930-98 in Natural Gas Annual,

publ i shed by the Department of Energy.™
Since we have designed the gas output series to be a

constituent part of the overall sectoral output series for

' Energy Information Administration, Office of Ol and Gas,
"Tabl e 94. Natural Gas Consunption in the United States, 1930-
1999," and al so "Table 95. Average Price of Natural Gas Delivered
to U S. Consuners, 1967-1999," Natural Gas Annual 1999

(Washi ngton, U S. Departnment of Energy, Cctober 2000).

Definition of gas output as deliveries rather than sales resulted
from changi ng the source of gas output data, and represents a
change from previous versions of this measure. In recent years,
a growi ng proportion of natural gas is purchased from non-1Ioca
utilities. DOE deliveries include these transactions, whereas the
American Gas Associ ation sal es data used previously excl uded

t hem



all utility services, sales of gas to electric utilities
must not be included. Sales of gas for electricity
generation and correspondi ng revenues are reported
separately, and so may be omtted during the aggregation of
out put. Anal ogous to the case of electricity output,
purchases of gas by publicly-owned electric utilities would
ideally be included in output, but, due to data |[imtations,
they are renoved along with the nuch | arger anounts of gas
sold to privately-owned electric utilities

Gas sold by nunicipally-owned gas conpani es nust be
removed to limt the output neasure to the private sector
Nat ural gas sales and revenue data are avail able by type of
ownership fromthe American Gas Association (AGA).
Muni ci pal gas sales are published for 1974 through 1998 in
Gas Facts.™ Corresponding revenue data were provided for
1980 to 1996. Prior to 1974, nunicipal gas sales could be
derived by deducting sales by private gas conpanies from
sales by all gas conpanies. Detailed sales by class of
custonmer for 1974-84 revealed that the distribution of total
muni ci pal gas sal es anong the four service classes was
nearly constant over that period. Total nunicipal sales in
each year 1948-73 were distributed based on the average
percent distribution 1974-84, then estinmated sal es by cl ass
of service 1948-73 were nmultiplied by the average price of

all gas sales by class to estimte revenues by cl ass.

2 American Gas Association, “Table 6.2 Gas UWility Industry
Sal es, by C ass of Service and Type of Conpany, 1992-98," Gas
Facts, 1999, (Washi ngton, The Anerican Gas Association, 1999).
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1996 was the last year for which the AGA has revenue
data correspondi ng to munici pal gas sales, so values for
1997 and 1998 had to be estimted. Ratios equal to the price
of gas sold by nunicipally-owned gas conpani es divi ded by
the average price of sales by all privately-owned conpani es
were conputed for each class of service for the year 1996
These ratios were multiplied by the average price of private
sales in 1997 and 1998 to estimate the price of nuni ci pal
sales for each class of service. Revenues from sal es by
muni ci pal gas conpani es, by service class, were estimted as
t he product of sales and price.

Because AGA reports anmounts of natural gas in British
Thermal Units (BTU) and DOE reports mllion cubic feet, it
IS necessary to convert AGA data for the entire period 1948-
98 to mllion cubic feet using a DOE series of conversion
factors.” Finally, both sales and revenues of the nunicipal
gas conpani es 1948-98 are subtracted from out put, by class
of custoner.

Electricity and gas sales to privatel y-owned water and
sanitary services conpanies would ideally be excluded from
the output neasure. Sales to for private conpanies are not
reported separately fromsales to publicly-owned firns,

whi ch account for a large majority of these transactions.™

* Energy Information Adnministration, Ofice of Energy Markets and
End Use, "Table A4. Approxi mte Heat Content of Natural Gas (Btu
per cubic foot)," Minthly Energy Review (Washi ngton, U S

Depart nent of Energy, published nonthly).
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El ectricity and gas consunmed by private water and sanitary
servi ces conpani es are not deducted, but the overstatenent
of output is insignificant. For exanple, total water and
sanitary services industry consunption of electricity and
gas of 12.7 mllion dollars in 1972 was just 0.03 percent of
the 37.446 billion dollars in sectoral output of the private

utilities services industry.®

Qut put - Water supply and sanitary services

The I nternal Revenue Service publishes estinmated
busi ness recei pts by corporations for water, sanitary
services, steam and irrigation services (SIC industries 494
to 497)." Actually, data for 1947 to 1957 cover water
services only, but all of the above are reflected in 1958 to
1997 data. The data are based on incone tax returns of a

sanpl e of corporations, which changes fromyear to year

" I'n 1989, 85 percent of water utility operating expenses were
accounted for by publicly owned water utilities, according to;
Envi ronmental | nvestnments: The Cost of a O ean Environment,
Report of the Administrator of the Environnmental Protection
Agency to the Congress of the United States, EPA-230-11-90-083,
(Washi ngton, Environmental Protection Agency, Novenber, 1990).
Mor eover, enploynment by private WSS conpani es never accounted
for nore than one quarter of total W&SS enpl oynent during the
period of study, based on the | abor input series and data from
Bureau of the Census, Public Enploynent, (Washington, DC,

U. S. Department of Commerce), annual issues 1959-88.

' Bureau of Economic Analysis, The Detail ed |nput-Qutput
Structure of the U S. Econony: 1972, Volune |: The Use and Make
of Comodities by Industries, (Washington, U S. Departnent of
Commerce, 1979).

* Internal Revenue Service, Statistics of |ncone, Cor porati on
I ncone Tax Returns, selected years, 1948-97, (Washington, U S
Departnent of the Treasury, 1951-2000).
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Simlar treatnment is given to returns by partnerships and
sole proprietors, but the results are not reported
separately for water and sanitary services. These current-
dol lar receipts data are deflated using the inplicit price
deflator for private consunption of water and sanitary
servi ces devel oped by the Bureau of Econom c Anal ysis
(BEA). Y The constant dollar revenue series is then indexed,
and used to conplete the aggregation of total utility
services output. The IRS data do not permt us to subtract
intra-industry consunption of water and other sanitary
services. However, in 1992 electric and gas utilities
purchased | ess than one-half percent of water and ot her

sanitary services output.™

| nput Measures
Capi tal input

Capital input is defined as the flow of services from
the capital stock, and is assuned to be proportional to that
stock. Utility industry capital stock includes equipnent,

structures, inventories, and | and. | nvestnent in these

Y "lInplicit Price Deflators for Personal Consunption Expenditures
by Product: Annually, 1929-76, "The National |ncome and Product
Accounts of the United States, 1929-76 Statistical Tables,
(Bureau of Econom c Anal ysis, Septenber 1981), pp. 348-352; and
"Table 7.5-Inplicit Price Deflators for Personal Consunption
Expendi tures by Product," Survey of Current Business (Washi ngton,
U S. Departnment of Commerce, July issues 1982-94 and 1999, August
i ssues 1996-97).

' Bureau of Economic Anal ysis, Benchmark | nput-Qutput Accounts of
the United States, 1992, Table 2.1: The Use of Commobdities by

I ndustries, (Washington, D.C.: U S. Governnent Printing Ofice,
Sept enber 1998).
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capital assets is published by the Bureau of Econom c

9

Anal ysis at roughly the 2-digit SIC level.* The Bureau of
Labor Statistics has devel oped capital stock neasures for
each of 44 types of depreciable assets (equipnment and
structures) within SIC industry 49 by applying the perpetual
inventory nmethod to the BEA investnent data. This involves
the assunption that the efficiency of assets deteriorates
with age. In particular it is assuned that efficiency
declines slowy in the early years of an asset's life and
nore rapidly later on.

| nventories are based on National I|Inconme and Products
Account (NI PA) data, published by BEA.

The stock of |and owned and used by SIC 49 and ot her
industries is estimated as follows. Nonfarmland is
estimated by applying ratios of land to structures, obtained
fromthe Bureau of the Census, to the BLS val ue of
structures series. Total nonfarmland is allocated to 2-
digit SIC industries based on book values of |and, published
in Statistics of Income by the U S. Treasury Departnent.®

Source data for 44 distinct capital asset types
contribute to the capital stock neasure for SIC industry 49.

Stocks of the several assets are conbi ned using weights

!> Bureau of Econonic Analysis, Fixed Reproducible Tangible Walth
in the United States, 1925-94 (Washington, U S. Departnent of
Commer ce, August 1999).

?® Internal Revenue Service, Statistics of Income, Cor poration
I ncone Tax Returns, selected years, 1948-97 (Washington, U S
Departnent of the Treasury, selected years, 1951-2000).
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derived fromestimates of inplicit rental prices -- the
prices that the various types of capital would bring on a
hypot hetical rental market. These rental prices are
estimated by conparing capital stocks to N PA estimtes of
property income in SIC 49. For each type of asset, a
structured rental price fornula is used, consisting in part
of a rate of return on the asset, plus a rate of
depreciation, mnus the asset’s rate of price appreciation.
Usi ng these rental prices, Tornqvist aggregation is applied
to the individual assets, resulting in a quantity index for
real capital input.

The price of capital is derived by dividing SIC 49
property income by the quantity index. This price is used

when aggregating capital with other inputs.?*

Labor i nput

The units of nmeasure of |abor input are hours worked,
where hours worked by all types of workers are counted
equally. The scope of labor input is limted to utility
operati ons and mai nt enance workers, with the intention of
excl udi ng any | abor devoted to new construction. This is
consistent wwth definition of output as delivered utility
services, rather than a broader concept inclusive of

structures conpleted or in progress. Study of MFP growh is

21

“Revisions to Capital Inputs for the BLS Miltifactor
Productivity Measures”. 6 May 1998. Avail abl e onli ne:
[ http://stats.bls.gov/nprcaptl.htm].



http://stats.bls.gov/mprcaptl.htm
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t hereby confined to the primary function of utilities,
provision of electric, gas, water, or other services. This
is asignificant matter in the electric utility industry
where 15 percent (1996) of enployees are construction

wor kers. Thus, a desirable characteristic of source data
for electric utility labor input is that it distinguishes

construction workers fromthe rest.

Sources of enploynent data for electric utilities are
the statistical yearbooks of Edison Electric Institute (EEl)
and the Rural Electrification Administration (REA).* Only
the Edison Electric Institute Statistical Yearbook breaks
out enploynent into operations, maintenance, and
construction workers, but it covers practically the entire
(98% private industry. Mreover, it is reasonable to
believe that the REA borrowers enploy a smaller percentage
of construction workers than the large utilities. Here it
is assuned there are none. The EEl enpl oynent data extend
back to 1951, and percent changes in SIC 491 enpl oynent from
the BLS establishnent survey were used to nove the EE
series from 1951 back to 1947.% Edison Electric Institute
stopped reporting electric utility enploynment by type after

data year 1989. However, they still provide salary by type

*> Edison Electric Institute. Statistical Yearbook of the Electric
Uility Industry (Washington, Edison Electric Institute); Rural
Electrification Adm nistration, Statistical Report, Rural

El ectric Borrowers (Washi ngton, Departnent of Agriculture,

publ i shed annual | y).

# Enpl oyment, Hours, and Earnings, United States, 1909-90, Vol une
Il (Bureau of Labor Statistics, March 1991), p. 720.
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of worker to date, making it possible to break out total
enpl oynment into construction and operations & mai ntenance
wth reference to wage rates, as has al ways been necessary
for gas utilities. Briefly, wages of operations and

mai nt enance workers, and construction workers, are assuned
to grow at the sane all-enployee rate. Estinated wages
1990-98 are divided into payroll in each category, to
estimate enploynent. The sum of enploynent in the two
categories is then benchmarked to total enploynent, a
publ i shed seri es.

The total enploynent series published by EEl was
changed from an annual average to a year-end concept staring
with data for 1995.* The ratio of 1994 average to year-end
enpl oynment (1.027) is being used to scale up levels for 1995
and subsequent years. This adjustnent only affects the
annual change in labor input from 1994 to 1995.

Source data for gas utility enploynent are not well
suited to distinguishing construction workers. Enploynent
at private gas utilities is reported in Gas Facts begi nni ng
in 1972. Construction workers are included in the total,
but are not reported separately. It was possible to extend
this series back to 1947 using enploynent in the total gas
i ndustry, which is reported for the entire period by AGA
As in the case of electric utilities, it is necessary to

estimte and subtract out construction |labor. The AGA

“Op. Ct., Edison Electric Institute.
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reports payroll data broken out into operations,
construction, and m scel |l aneous categories, starting with
1971 for the investor owned part of the industry and in 1947
at the total industry level.® By assuming that wages of gas
utility construction workers are conpetitive with those of
the contract construction workers in SIC 162, which includes
the building of gas pipelines, an estimate of private gas
utility construction enploynent was derived back to 1972,
the first year for which SIC 162 average weekly earnings are

reported by BLS in Enploynent, Hours, and Earnings.

Subtraction of this series fromthe total enploynent series
yi el ds estimated non-construction enpl oynent for 1972-98.

An alternative estimte of non-construction enpl oynent was
based on the assunption that construction workers in gas
utilities earn the industry average wage, so that total

enpl oynent can be distributed between construction and non-
construction in the same proportion as the payroll. This
met hod produces a series that noves in the sanme direction as
the first in every year. W use novenents in this series to
conpl ete the nmeasure of non-construction enpl oynent in
investor owned gas utilities since it covers a |onger

peri od.

* p. Cit., Arerican Gas Association
* Enpl oyment, Hours, and Earnings, United States, 1909-90, Vol une
I (Bureau of Labor Statistics, March 1991), p. 48., and

Enpl oynent, Hours, and Earnings, United States, 1988-96, (Bureau
of Labor Statistics, August 1996), p. 17; and “Tabl e Bl15. Average
hours and earnings of production and nonsupervi sory workers on
private nonfarm payrolls by detailed industry,” Enploynent and
Ear ni ngs, (Bureau of Labor Statistics, March 1998-99).
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Enpl oyment in the other utility services, enconpassing
SIC industries 494-497, is found as the residual of
enpl oynent in industry 49 less that in industries 491-493.

All of the required data appear in Enploynent, Hours, and

Ear ni ngs except for enploynment in SIC 492 and SIC 493 during
1947-49.* Stable enploynent trends in these industries
during the early 1950's were utilized in an estimation of
t hese values. In the absence of evidence of construction
| abor in these industries, it is assunmed there are none.
Empl oynent in SIC industries 494-497 is very small relative
to that in electric and gas utilities, averaging about ten
percent of the industry 49 total, so that a fairly stable
proportion of enpl oyees devoted to construction woul d not
significantly affect the two-digit |abor input trend.

Enpl oyment is next multiplied by average weekly hours
to estimate paid hours. Average weekly hours of

nonsupervi sory workers are reported in Enploynent, Hours,

and Earnings by three-digit SIC industry, with data

beginning in 1947 for SIC 491 and in 1950 for industries 492

and 493.% These three industries, when conbi ned, cover al

“’ Enpl oyment, Hours, and Earnings, United States, 1909-90, Vol ume
Il (Bureau of Labor Statistics, March 1991), p. 719-28, and

Enpl oynent, Hours, and Earnings, United States, 1988-96 (Bureau
of Labor Statistics, August 1996), p. 270-73; and “Table Bil2.

Enpl oyees on nonfarm payrolls by detailed industry,” Enpl oynent
and Earnings, (Bureau of Labor Statistics, March 1998-99).

28 Employment, Hours, and Earnings, United States, 1909-90, Volume
I (Bureau of Labor Statistics, March 1991), p. 48., and

Enpl oynent, Hours, and Earnings, United States, 1988-96, (Bureau
of Labor Statistics, August 1996), p. 17; and “Tabl e B15. Average
hours and earnings of production and nonsupervi sory workers on
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the private electric and gas utilities. Because the

enpl oynent data for electric and gas utilities are devel oped
separately, and SIC 492 includes both electric and gas
utilities, average weekly hours cannot be applied at the
three-digit level. Therefore an average weekly hours series
for SIC industries 491-493 conbined is derived.

Aver age weekly hours for SIC 491-493 conbi ned are found
by first multiplying average weekly hours of nonsupervisory
wor kers by enploynent in each industry to get hours. Then
t hese data are summed over industries 491-493. The sum of
hours in SIC 491-493 is subsequently divided by the sum of
nonsupervi sory enpl oynent to get an average weekly hours
figure for electric and gas utilities together. Note that
it was necessary to assune that average weekly hours in
i ndustries 492 and 493 were the sane in 1947-49 that they
were in 1950. Paid hours in electric and gas utilities are
t he product of their sunmed enpl oynent and this conbi ned
average weekly hours series.

Hours for the remaining industries in total industry 49
are found as the residual of total enployee hours in SIC 49
|l ess hours in SIC 491-493. It was necessary to estinate
average weekly hours in SIC 49 for 1947-57 using forecasting
met hods and three-digit | evel data. The hours series so
obtained for SIC 494-497 is based entirely on published

data. Unpublished BLS data also permt direct calcul ation

private nonfarm payrolls by detailed industry,” Enploynent and
Ear ni ngs, (Bureau of Labor Statistics, March 1998-99).
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of hours for industries 494-497 back to 1972. Differences
between the two alternative series since 1972 are very
small. Since the series we estinmated using published data
woul d have to be used for years prior to 1972 in any case,
it is used for the entire 1947-98 period. This series is
added to the non-construction worker hours series for SIC
491-493 to derive a paid hours series for the utility
services industries.

Finally, this paid hours series is nultiplied by a
series of ratios of hours worked to hours paid to obtain the
desired neasure of |abor input, hours worked by utility non-
construction workers. Hours worked to hours paid ratios are
produced by the BLS Hours at Work Survey.® Because the
ratios are different in each year 1966-98, year-to-year
changes in | abor input, output per hour, and MFP were
potentially inpacted by this adjustnment. The 1966 ratio is
hel d constant for the years 1947-66, so there was no i npact
on annual changes in these neasures during that period.

The wei ghts used to conbine | abor hours w th other
i nputs are based on current-dollar paynents to |abor. Total

| abor conpensation is appropriate for use in the nultifactor

*° Kunze, Kent, "A new BLS survey neasures the ratio of hours
worked to hours paid," Monthly Labor Review, Vol. 107 No. 6
(Washi ngton, U S. Departnent of Labor, Bureau of Labor
Statistics, June 1984).

Jabl onski, Mary and Kent Kunze and Phyllis Flohr Gto, “Hours at
work: a new base for BLS productivity statistics,” Mnthly Labor
Review, Vol. 113 No. 2 (Washington, U S. Departnent of Labor,
Bureau of Labor Statistics, February 1990).
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productivity framework, in order to account for all costs of
production. Data used to estinmate conpensation at investor-
owned electric utilities are wages of Operations and

Mai nt enance wor kers 1947-96 as reported by DCE, and wages of
Operations and Mai ntenance workers, and O her workers, 1989-
98, as reported by Edison Electric Institute (EElI). Data
fromboth of these sources are ultinmately derived from
Federal Energy Regul atory Comm ssion (FERC) Form 1. Because
we prefer the nore inclusive definition including O her

wor kers, the ratio of EEl wages over DCE wages in 1989 is
mul tiplied by the DCE anmbunts in each year 1947-88.

The FERC-based data do not cover wages of enployees at
Rural Electrification Adm nistration (REA) electricity
generators and distributors. Therefore, the ratio of
electric utility enploynent including REA enpl oynent over
enpl oynent excluding REA workers is nmultiplied by the
EElI / DCE wage series in each year 1947-98 to scale it up
The inplicit assunption is that rural electric enployees are
paid simlar wages to enpl oyees of larger utilities covered
by the FERC survey.

Wages of non-construction workers at investor-owned gas
utilities nust also be incorporated. Wages of Operations
and Mai ntenance, and M scel | aneous, workers are published by

AGA for the entire 1947-98 period, and are used as

Zegeye, Aklilu and Larry Rosenblum "Hours at Wrk Survey, 1999."
Avai l abl e online: [ http://stats.bls.gov/pdf/nprhws. pdf ].



http://stats.bls.gov/pdf/mprhws.pdf
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reported.”™ BLS reports wages by 3-digit SIC industry within
this industry group (SIC 49) in the annual publication

Enpl oynent and Wages. Wages for SIC industries 494 to 497

are sumed to obtain wages of workers in sanitary services
i ndustries, which are added to those for electric and gas
utilities.

The Bureau of Econom c Anal ysi s(BEA) of the Commerce
Depart nent publishes wages and sal aries, and al so
suppl enents to wages and salaries, for SIC industry 49.%
These data cannot be utilized directly because they reflect
paynments to construction workers, but they suggest the
anount that supplenentary paynents contribute to
conpensation. W conpute the ratio of total conpensation to
wages & salaries fromthe BEA data and apply it to our wage
& salary estimate, in each year. The resulting series is an
estimate of total conpensation of non-construction workers
inutility services industries. D vision of this series by
the hours index yields the |abor price series required for

Tor ngvi st aggregation of total input.

** Anmerican Gas Association, “Table 14.2 Gas Uility Industry
Enpl oyees and Payroll by Type of Payroll and Type of Conpany,
1985-98,” Gas Facts, 1999, (Washi ngton, The Anerican Gas
Associ ation, 1999).

** Bureau of Economi c Analysis, "Table 6.4B-Conpensation of

Enpl oyees by Industry: Annually, 1948-82," The National |ncomne
and Product Accounts of the United States, 1929-82, Statistical
Tabl es (Washington, U.S. Departnent of Conmerce, Septenber 1986).
Recent and revised data avail able online:
[http://wwv bea. doc. gov] in section titled, "G oss Product by

I ndustry and the conponents of gross donestic incone."



http://www.bea.doc.gov/
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Ener gy i nput
Electric utilities account for a large ngjority of
energy input expenditures by SIC industry group 49.%* Energy
input to electric utilities consists primarily of fossi
fuels burned to drive electricity generating plants.
Electric utilities also produce electricity fromwater,
w nd, solar, and geothernmal power. These are energy inputs
too. On the other hand, electricity is produced using
nucl ear fuel, yet nuclear fuel is included in capital input.
The I ong useful life of this energy source, about five
years, suggests treating it as a depreci able capital asset.
Fossil fuels used to generate electricity are coal
oil, and gas. Treatnent of coal and oil input is
straightforward; the quantities consunmed and prices paid for
these two fuels by the electric utilities are incorporated
into aggregate energy input. Technically, gas purchases by
electric utilities fromgas pipelines and distributors are
excl uded from energy input because these are intra-industry
transactions. However, these anmounts of gas are properly
included in energy input as inter-industry sales fromSIC 13
to SIC 49. Therefore the quantity of gas consuned by
electric utilities is included in energy input, but val ued

at the price paid by gas utilities to gas producers in SIC

*> Ninety-three percent in 1960 and 1970, ninety-one percent in
1985, and eighty-eight percent in 1996.
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i ndustry 13, rather than the considerably higher price paid
to gas utilities by electric utilities.®

The Energy Information Adm nistration of DCE provides
data on quantities of coal, oil, and natural gas consunmed by
privately owned electric utilities from 1970 forward. *
These three series were extended back to 1947 based on
closely related information available in the EElI statistical
year book. ® There one finds consunption of fossil fuels by
all electric utilities for the entire period of the study.
Quantities of electricity generated, by type of ownership,
and by type of prime nover driving the generator, are also
reported back to 1947. O the latter, we used electricity
generation driven by conventional (versus nuclear) steam
engi nes and turbines, and by internal conbustion engines,
because these are the prine novers which consune fossi
fuels. These data were utilized as follows: The ratio of
fossil fuel powered generation at private electric utilities
to that at all electric utilities was nultiplied by

consunption of each fossil fuel by all electric utilities,

33

Energy Information Adm nistration, Ofice of Gl and Gas,
"Tabl e 92. Quantity and Average Price of Natural Gas Production
in the United States, 1930-1999," and al so “Table 95. Average
Price of Natural Gas Delivered to U S. Consuners, 1967-1999,"
Nat ural Gas Annual 1999 (Washington, U S. Departnment of Energy,
Cct ober 2000).

* Energy Information Administration, Ofice of Coal, Nuclear,

El ectric, and Alternate Fuels, Mnthly Report for Electric
Uilities R002, Fuel consunption and stock(ll) (Washington, U S.
Depart nment of Energy).

* Edison Electric Institute. Statistical Yearbook of the Electric
Uility Industry (Washi ngton, Edison Electric Institute).
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giving estimated private fuel consunption. Estimated val ues
for 1970-88 were conpared to actual fuel consunption data
provided by EIA and the ratio of actual to estinmated
consunption of each fuel in 1970 was used to scale the
estimated series prior to 1970.

Current-dollar costs are calculated for coal and oil as
t he product of consunption and average prices paid by
electric utilities. The quantities of gas used are val ued
at the "average wel | head price of marketed production”,

publ i shed in Monthly Energy Review by DCE.*

Nat ural gas which is transported through gas pipelines
and utilities to final consuners outside industry 49 is
included in materials input, not energy input. But the
smal | er amobunts used by the utilities thenselves are energy
input. Natural gas used for the purpose of generating
electricity is discussed above. Gas is also used by gas
utilities in the operation of pipelines, primarily for
conpressors, and nust be included in fuel input. Natural

Gas Annual reports the anmounts of gas used for this purpose

from 1947 forward, and corresponding prices from 1967
forward.” Here again the price of marketed production is

used 1947-57. The price of pipeline fuel from 1958 to 1966

*® Energy Information Adnministration, Ofice of Energy Markets and
End Use, Monthly Energy Review (Washington, U S. Departnent of
Ener gy) .

* Energy Information Administration, Office of Gl and Gas,
Natural Gas Annual (Washington, U.S. Departnent of Energy, 1982-
99).
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is reported in the National Energy Accounts, available from
the U.S. Department of Commerce.® This is also the source
of price and quantity data for other fossil fuel consunption
by electric and gas utilities, such as gasoline for cars and
trucks, and for water and geot hermal power used by electric
utilities.™

Energy input for the remaining utility services
industries is provided in the National Energy Accounts
(NEA). ™ NEA data are organized primarily by BEA I nput-
Qut put industry, but a single industry classification
corresponds to SIC industries 494 to 497; water supply and
sanitary services (WSS). The substantial detail describes
how each of several types of fuel was used, the quantities
used in physical units, and the cost both in current and
constant dollars. Eight different petrol eum products are
Tornqvi st aggregated to get fuel input to industries 494 to
497.

However, the NEA data reflect energy consunption by
both private and governnent water and sanitary services
providers, the majority being governnent. It is therefore

necessary to adjust this conponent of energy input. The

*® Office of Business Analysis, Under Secretary for Econonic
Affairs, National Energy Accounts Data Base (Washington, U S.
Departnent of Commerce, February 1985).

> 1 bi d.
“ Office of Business Analysis, Under Secretary for Econonic

Affairs, National Energy Accounts Data Base (Washington, U S.
Departnent of Commerce, February 1985).
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rati o of enploynent by private W&SS conpani es to enpl oynent
at all W&SS conpanies is taken as an indicator of the
portion of energy consunption attributable to the private
firms. Devel opment of private enpl oynent based on published
BLS data has been described previously. Governnent
enpl oynent in water and sanitary services is available from
the Bureau of the Census.® The ratio of private to total
enpl oynent increases throughout the 1958-88 period, from 11
percent to 26 percent. The ratio series is nultiplied by
the Divisia price series for energy consuned by all water
and sanitary services conpanies. The index of the quantity
of energy consuned by all WSS conpanies is retained, while
price and therefore total cost is adjusted to a |evel
consistent with services provided by private firns, as
suggested by enpl oynent.

NEA data are currently available for 1958 through 1985.
The ratio of energy cost including these data to energy cost
excluding themin 1958 was nultiplied by the energy cost for
electric and gas utilities 1947-57 to estimate total energy
costs. Simlarly, the ratio in 1985 is applied in 1986-98.
The adjustnent is necessary to give energy input the
appropriate weight in the aggregation of total input. It
does not affect the energy input quantity index during the
years 1947-57 or 1986-98, but is reflected in the series of

energy input prices.

‘' Bureau of the Census, Public Enploynment, (Washington, DC, U.S.
Departnent of Commerce), annual issues 1959-88.
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Mat eri al s i nput

Materials input is developed in tw parts: natural gas
that is used as a material rather than a fuel, and all non-
energy materials. These conponents are conbined to get
total materials input. Natural gas used as a material input
accounts for the mgjority of materials input cost, and
t herefore dom nates novenents in the total series. This is
especially true after 1973 due to the increased price of
nat ural gas.

Gas purchased by SIC 49 is only included in fuel input
if it is burned to produce heat or power. Gas that is
destined for final consunption outside industry 49 bel ongs
in the materials input neasure. A nmeasure of gas used as
materials input is derived by first adding to "dry" gas
production w thdrawal s of gas previously stored, and
inports. This is the amount of natural gas available for
ultimate consunption. Next, anmounts consunmed within
industry 49 for electricity generation, and for gas pl ant
and pi peline use, are deducted. The Departnent of Energy
provi des the required data, which are consistent with the
DOE data from which we conpute gas utility output.®” It is
al so necessary to subtract gas sold by nmunicipally owned gas

conpanies fromgas materials input. This step corresponds

‘2 Energy Information Adnministration, Office of Ol and Gas,
Natural Gas Annual (Washington, U.S. Departnent of Energy, 1982-
99).
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to exclusion of these transactions from output, and uses the
sane AGA data.® It only differs in that nunicipal sales,
once converted fromBtu to mllion cubic feet, are
subtracted out in total, not by custoner category.

Price series which are either precisely applicable to
each of the quantity series, or are good proxies, are

publ i shed by DCE in Natural Gas Annual .*

The quantity and cost series for non-energy materials
are constructed based on a series of annual input-output (I-
O tables devel oped by BLS, using BEA I/ O tables as
benchmarks. * Because the BLS I-O tables only cover the year
1947 and the period 1958-90, it was necessary to interpolate
bet ween 1947 and 1958, and extrapol ate from 1990 forward.
When |/ O benchmark data for 1995 becone avail able, estinmates

for recent years will be revised.

43

Energy Information Adm nistration, Ofice of QI and Gas,
Natural Gas Annual (Washington, U.S. Departnent of Energy, 1982-
99). Gas used for fuel by water and other sanitary services

i ndustries should technically be deducted fromtotal supply in
this derivation of gas materials input. However, analogous to

t he devel opnent of energy input, this would be acconplished by
applying a ratio based on 1958 to 1985 NEA data to the entire gas
materials input series. Because the anobunts involved are not
significant (the 1985 ratio would be 0.997) we have not done so.

“ Op. CGit., Energy Information Administration, Office of Gl and
Gas.

“ Input-output tables are presently available for the years 1947,
1958, 1963, and for every year between 1967 and 1980. BLS

nodi fies the published tables for nutual consistency and to
reflect establishment output concepts; for years | acking
publ i shed tabl es, estimates are obtained by interpolation using
annual control totals for gross output, final denand, and val ue
added. For exanple, Bureau of Econonic Analysis, The Detail ed

I nput-Qut put Structure of the U S. Econony, 1977, Volune 1, The
Use and Make of Commodities by Industries (Washington, U S.
Departnent of Commerce, 1984).
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Current-dol lar purchases were used to find shares in
SIC 49 inconme in 1947 and for 1958-90, then the 1948-57
shares were interpolated using the sinple straight-Iline
met hod. Current-dollar purchases could then be estimted as
t he product of incone share and total inconme for each
product in each year from 1948 to 1957. (Quantities of each
itemincluded in materials were then estimted by deflating
the current-dollar data using avail able BEA prices. Next, a
series of annual rates of growh in total non-energy
materials was derived as a wei ghted sum of changes in these
quantities, where the weights were based on the estinated
current-doll ar expenditures on each item Purchases of
hi gher priced inputs were therefore weighted nore heavily,
as is appropriate. Gowth rates in the aggregate constant-
dol lar series were used to construct a quantity index, one
year at a time, from 1948 to 1990. Finally, dividing this
index into total current-dollar purchases produced the
correspondi ng price series.

For 1991 to 1998, the share in incone of non-energy
materials is held constant at the 1990 value. This share is
mul tiplied by current-dollar output in SIC 49 to estimate
current-dol |l ar expenditures on non-energy materials. Then
the current-dollar series is deflated using a conposite
price deflator based on prices provided by the Ofice of
Enpl oyment Projections (OEP). Because data for 1948-90

utilize BEA prices, the ratio of the BEA price to the CEP
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price for 1990 is multiplied by the CEP price in each year
1991-96, to link to the existing price series.

Quantity data for 1991-98 are estinmated as current-
dol l ar data divided by the adjusted price series. |ndexes
and price series for the two types of materials input are

conbi ned prior to aggregation of total input.

Busi ness services input

The devel opnent of a series for business services input
to industry 49 is anal ogous to that of non-energy material s,
descri bed above. Services inputs from BLS input-out put
tabl es are aggregated using the sanme nethods, including
estimation of data for 1948-57. Estinmation of post-1990
data is done in the sane way, but using a conposite price
deflator reflecting the appropriate OEP price series.
Aggr egation of business services input differs fromthat of
non-gas materials input only in the set of I-Oindustries

whose products are included. *

‘¢ Services consist of the follow ng: comunications; finance and
i nsurance; real estate rental; hotel services; repair services;
busi ness services, including equi prent rental, engineering and
techni cal services, and advertising; vehicle repair; nedical and
educati onal services; and purchases from government enterprises.



