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Multifactor productivity in
the utility services industries

Growth in multifactor productivity in these industries
slowed by 8.2 percent per year efter 1973,
according to a new BLS study; results also show

the impact of energy price increases

on the utility services industries,

which are heavily dependent on fossil fuel inpuis

of multifactor productivity for the util-

ity services industries, that is, electric,
gas, and sanitary services.! The measure relates
output to inputs of capital, labor, energy, ma-
terials, and purchased business services. By
contrast the previously available BLS labor
productivity measure relates output to labor
input only .21t is important to consider factors
other than labor in measuring productivity for
the utilities because capital, energy, and mate-
rials each account for a larger portion of utili-
ties’ total costs than does labor; thus, it is rea-
sonable to expect the industry to strive for pro-
ductivity gains in the use of these inputs. In
particular, the heavy use of fossil fuels by utili-
ties offers a unique opportunity to study the
impact of past energy price increases on pro-
ductivity.

After 1973, labor productivity growth
slowed by 1.7 percent per year in the nonfarm
business sector.® A much larger slowdown of
6.4 percent per year occurred in electric, gas,
and sanitary services. This finding is consistent
with the view that the productivity slowdown
partly reflected rising energy prices. Given the
extensive consumption of fossil fuels by elec-
tric and gas utilities, large increases in the rela-
tive cost of energy would be expected to alter

T his article introduces a new BLS measure
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the optimal mix of inputs in this industry.
Moreover, passing on higher energy costs
would tend to reduce demand for the indus-
try’s output, limiting some im portant sources
of productivity growth. Capacity utilization
could fall, compromising existing scale econo-
mies. But also, acquisitions of new plant and
equipment could he delayed, along with any
technical im provements associated with them.

It is im portent to know whether multifactor
productivity growth, like labor productivity
growth, has slowed significantly over the
years. Average annual rates of growth in mul-
tifactor productivity are reported here for
1948 through 1988. Data for the pre- and
post-1973 periods reveal the extent of the pro-
ductivity slowdown in utility services indus-
tries. The multifactor productivity framework
is also used to examine single-factor productiv-
ity ratios for inputs other than labor and
whether they rose or fell following the energy
price increases.

This article contributes to our understand-
ing of productivity and costs in the services
sector generally. For example, 12 percent of
capital income in the nonfarm, nonmanufac-
turing sector of the economy accrued to utility
services industries in 1988, and electric utili-
ties have accounted for more than one-third of
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annual energy consumption in the United
States since 1981.* Thus, examination of pro-
ductivity gains stemming from these and other
factors in utility services industries is an im-
portant component of an effort to understand
multifactor productivity trends in servicesasa
whole.?

Methodology

Measurement framework. Multifactor pro-
ductivity is defined as output per unit of com-
bined inputs of capital, labor, energy, materi-
als, and purchased business services. Since
multifactor productivity growth is being mea-
sured for a small group of industries in this
study, it is important that intermediate in-
puts —energy, materials, and services —are ex-
plicitly included. Measures of productivity for
large sectors of the economy may reasonably
be defined in terms of real value-added output
relative to labor and capital inputs. This is be-
cause most intermediate inputs are both pro-
duced and consumed within large sectors;
therefore, intermediates would be counted as
both inputs and outputs in gross output mea-
sures. It follows that value-added measures
avoid double counting intermediate transac-
tions. By contrast, for multifactor productivity
measures of smaller groups of industries, such
as the utilities sector, it becomes more impor-
tant to consider the effects of intermediate in-
puts. If intermediates were omitted, economies
or diseconomies in their use would not be re-
flected correctly in the productivity measure.

Inclusion of intermediate inputs implies a
broader definition of output. Now, gross out-
put would equal all sales by public utilities, in-
cluding those to other utilities. In this study,
we develop measures of sectorel outpul, de-
fined as sales to customers oufside the public
utilities sector.® Sectoral output differs from
gross output in that it avoids double counting
intreindustry transactions. These transactions
are important for electric and gas utilities be-
cause of the substantial amounts of gas and
electricity resold among them and because of
consumption of gas by electric utilities.

Intraindustry sales of gas and electricity are
excluded from input as well as from output.
With respect to the electric utilities, this helps
to focus the analysis on efficiency in the con-
version of fossil fuels to electricity and on the
delivery of electricity to end users. In effect,
those quantities of electricity transmitted be-
tween producers are removed from both out-
put and energy input.

Identification of intraindustry gas sales is
complicated by the fact that the gas industry is

divided between two major SIC industry
groups. Gas is produced at wells and process-
ing plants classified in SIC 13, oil and gas ex-
traction. It is then purchased by pipeline and
distribution companies in SIC 49 and is trans-
ported, after possibly being stored for a time,
and delivered to final consumers. Gas sold by
producers in SIC 13 to pipelines and distribu-
tors in SIC 49 is classified as input in this study,
but gas resold by pipelines to distributors is
not. The latter transactions account for the
bulk of intraindustry gas sales. Purchases from
gas utilities by electric utilities are also ex-
cluded from energy input and from cutput.

Typically, utility companies are engaged in
two major types of activities: delivery of utility
services and construction of facilities. Con-
struction work performed by utilities is consid-
ered an output of the construction indusiry,
and not the utility services industry, because it
is a fundamentally different type of production
from the delivery of utility services.”

The measure of multifactor productivity in
utility services industries introduced in this
analysis is an index computed from annual
rates of multifactor productivity growth. The
multifactor productivity growth rate is com-
puted as the rate of growth in sectoral output
lesstherateof growthin aggregateinput; thatis,

(1} AlnA=AIlY-Aln/,

where Aln refers to differences in successive
logarithms, A is an index of multifactor pro-
ductivity, Y is an index of sectoral output, and
I is an index of aggregate input.

The measure I is computed as a Tornqvist
index of the five major types of inputs as fol-
lows.® First, annual rates of growth in aggre-
gate input are computed:

(2) Alnl=3, w;AlnX,

Here, Aln refers to differences in successive
logarithms, X; are quantity indexes of inputs i
(i = K,LLE.M,S), and w; are averages of the
factor shares in income of each input (5;) in the
current and previous years; that is,

B w2 (i o+ 5i0. /2

Then the aggregate input index ¢I) is con-
structed as a “chain index,” that is to say, by
setting Iy equal to 1 in the first year and com-
puting I; for each successive year — | year at a
time —using the time series of input growth
rates (Aln I;) and the formula
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(4) AlnJ

I = I i-1€ ‘.

Similarly, the multifactor productivity in-
dex (A) is constructed from the multifactor
productivity growth rates (Aln A) in formula
(12

(%)

Data.  Total input is a Tornqvist aggregate of
quantity measures for each of the five major
types of input. These major input measures are,
in turn, Tornqvist indexes of more detailed in-
put categories, as dictated by the availability of
data. In general, we begin with quantity in-
dexes for specific inputs at the most detailed
level that source data permit. A price series
corresponding to each input is calculated by di-
viding current dollar expenditures on the input
by the quantity index. These data permit com-
putation of Torngvist chain indexes for each
major type of input and, thus, for total input.
Total cutput is computed as a Tornqvist ag-
gregate of quantity indexes for the output of

At= A;.] eAInA,.

each utility service.!® In turn, output indexes
for both electricity and natural gas services are
derived from sales and revenue data for several
categories of consumption.!

Ideally, source data express quantity in
physical units and in sufficient detail that each
category within output and input is homoge-
neous. This is approximately true for electric-
ity and gas output and for capital and energy
inputs. Data for electricity and gas output are
reported by type of customer, distinguishing
otherwise homogeneous products on the basis
of their unit costs of production and delivery.
Aggregate capital input is derived from data
for 17 types of capital, and energy input is
based on 10 different fuels. Physical quantities
are also reported for gas used as a material in-
put in production.

Data on expenditures must be relied upon in
the development of both nongas materials and
business services inputs. Several categories of
purchases are deflated separately prior to ag-
gregation, in an effort to obtain the most reli-
able constant-dollar measures possible.

Table 1. Compound annual rates of change in productivity and related measures for
the utility services industries, 1948-88
Multifagtor and single—factor productivity
Multifactor Business
Capltal Labor Energy Materlaia
Perlod productivity services
avial QYK aQy/QL QY/QE ay/oMm av/as
1948-88 ... 2.4 1.8 38 1.3 29 0.6
1948-73 (a) 36 3.4 6.2 1.2 3.6 9
1973-88 (b) 4 -8 -2 1.4 1.9 A
Change (b= 8) . 3.2 4.2 —£.4 2 -1.7 -8
Output and Input
Output Capiltal Labor Energy Materlals Bus'?'“
Qv aK at ac oM serv.ces
Qs
184888 ....ccoiviiiiiriniceemrreeer s 5.4 38 1.6 4.1 25 4.8
1948-73 (a) ...... 7.8 4.3 15 65 441 6.9
1973-88 (b) ... 1.6 2.4 1.8 2 -3 1.5
Change (b—a) ..o ocvriiivieciieecenn, 6.2 -1.9 ] —£.3 -4.4 -5.4
Prices
Qutput Capitol Labor Energy Materials |- g:s'f""
PY PK PL PE M rvices
PS
T948-8B.....ooivirne 3.7 5.8 6.5 5.4 7.3 4.5
1948-73 (a) ....... 8 43 5.5 2.4 4.0 3.2
1973-88 (b) 9.2 8.5 8.1 11.0 131 6.8
Chang® (B = a} cuvvevereccseesseerreerns 8.6 42 28 8.9 9.1 as
Note: Q= quantity; P = price; ¥ = sectoral output; /= M= materlals input; § = purchased business services input,
total inputs; K= capital input; & = labor inpul; £ = energy input;
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Only lahor input is based on one category of
source data. It is measured in hours paid for,
where hours of all employees are considered
homogeneous. Hours of employees devoted
solely to construction of new facilities are ex-
cluded. This is consistent with the definition of
output as utility services provided to other sec-
tors. Labor hours devoted to construction of
facilities are an input to the construction in-
dustry. The facilities themselves are capital
goods and are inputs to the utilities gervices in-

dustry.

Results

Measures of growth in multifactor productiv-
ity and in single-factor productivities for the
utility services industries appear in table 1.
Growth rates in quantities and prices of output
and each of the five major inputs are also dis-
played. The growth rates are presented for
1948 to 1988, as well as for the pre-1973 and
post-1973 periods, which, by convention, are
compared in studies of the productivity slow-
down.

Multifactor productivity in utility services
industries grew at an average rate of 2.4 per-
cent per year from 1948 to 1988, compared
with 1.2 percent per year in the whole nonfarm
business sector. The average rate spans periods
of quite different performances in productivity
by the utilities. A rate of growth of 3.6 percent
per year during the 1948-73 period was fol-
lowed by a 0.4-percent annual growth rate
from 1973 to 1988. This slowdown of 3.2 per-
cent per year reflects a dropoff of 6.2 percent
per year in the growth rate of output, accom-
panied by a 2.9-percent decline in the annual
rate of input growth. (See chart 1.)

The first absolute declines in utility services
output in the postwar era occurred in 1974 and
1982. These years also witnessed falling output
for the nonfarm business sector. The slower
growth of utility services cutpui after 1973
coincided with average increases in the price of
utility services of 9.2 percent per year.

Total input growth is a weighted sum of
changes in the quantities of individual inputs,
with the weights being the shares in total in-
come of each input. Table 1 shows rates of
growth in the quantities of individual inputs,
and table 2 shows the average share in income
of each. In the post-1973 period, the only input
whose quantity decreased was materials, while
energy input grew very slowly. (See chart 2.)
The use of purchased business services in-
creased, but contributed little to growth in to-
tal input, due to business services’ modest
share in income, Capital input, with a 38-per-

Tahle 2. Average factor shares in income in utility services
industries, 1948-88
Total Business
Pariod tnput Capital Labor | Energy |Matarlals I
194888, ..0vmurrrrencerr e 1.00 045 | 018 | 0.4 0.15 0.08
1948-73 (a) .. 1.00 48 21 10 A2 .08
197388 (b) .. 1.00 .38 15 21 18 08
Change (b—8) ... .00 ~-11 -.06 1 .06 .00

cent average cost share from 1973 to 1988,
grew faster than output and accounted for
two-thirds of total input growth after 1973. La-
bor input growth also added to growth in ag-
gregate input.

Comparisons of changes in output relative
to those in each input are expressed as single-
factor productivity statistics in table 1. Al-
though these statistics relate changes in cutput
to changes in individual types of input, they do
not measure the specific contribution of any
single factor of production. Rather, they re-
flect the joint effects of many influences, in-
cluding changes in technology, in levels of out-
put, and in the organization of production.

Capital productivity growth slowed 4.2 per-
cent per year from the pre-1973 period to the
post-1973 period. While output growth fell by

Table 3. Percent of capacity

utilization, utilities, 196788

Year Percent

93.4
941
95.8

95.4
93.9
94.6
929
86.8

83.9
84.8
84.6
B4.8
85.9

85.5
az2.8
79.5
80.3
825

83.5
80.2
825
84.2

941
85.8

196773 average...... .-
197388 avaragse ................ocv s
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Chart 1. Output, total input, and multifactor productivity in utility services industries, 1948-88
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Chart 2. Growth in input quantities before and afier 1973
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6.2 percent annually, capital input growth fell

by only 1.9 percent per year. This difference Table 4.

Portions of labor productivity growth attributable to multifac-
tor productivity growth and shifts in factor intensity, 194888

may be explained by the nature of capital in-
vestment in the public utilities industry. Capi-

(Percent changes at compound annual rates)

tal stock is extremely inflexible for utilities. In- Gontributions from—

vestment in electricity-generating plants, gas Period 0:’}%’:, iiiactor

pipelines, and sewer lines must begin years pe Produdctivity QKiL| QHL | QML | asiL
ahead of desired completion. Once built, these 194888 38 24 0.9 0.2 0.0 0.2
structures may last for several decades, When

demand falls short of expectations, capital in- :g;g_';g sgg """"""" fg 3'5 1; _'i _'g ';
put is adjusted in the short run by decreasing | 7 ' ' ' ' ' '
the use of existing capital, rather than by re- | Change (b2} | 64 | 32 |11 -8 -8 —4

ducing the level of capital stock or expendi-
tures on future capital. For example, slow eco-
nomic growth from 1973 to 1975 and from
1979 to 1983, combined with high electricity
and gas prices, resulted in depressed demand
for utility output after 1973. Meanwhile, in-
vestment initiated years earlier under condi-
tions of growing demand came to fruition and
expanded capacity. These two effects together
resulted in excess capacity, as illustrated in
table 3 (page 37).12

Excess capacity has important implications
for the interpretation of the slowdown in capi-
tal productivity after 1973. When capacity is
underutilized, the capital services input meas-
ure may overstate capital input.’® Qutput per
unit of capital would, in turn, be understated. If
the capital input measure doesnot fully capture
changing capacity utilization, then growth in
capital services input declined more than 1.9
percent per year after 1973, and the post-1973
slowdown in capital productivity is exagger-
ated.

Labor productivity growth in utility services
showed an even more pronounced drop than
did multifactor productivity, from an increase
of 6.2 percent per year before 1973 to a decline
of 0.2 percent per year for the 1973-88 period,
or a drop of 6.4 percent per year between the
two periods. Changes in cutput per hour were
similar to those in output, because the use of
labor accelerated slightly after 1973, while the
consumption of all other inputs slowed. How-
ever, it is important to remember that this
dropoff in output per hour is indicative of sub-
stitution effects among all inputs, as well as
other effects, and therefore does not attribute
poor productivity performance solely to labor,

A relationship between measures of labor
productivity and multifactor productivity can
be derived from the formula (1) used to com-
pute multifactor productivity growth.*
Changes in labor productivity may be ex-
pressed as the combination of multifactor pro-
ductivity growth and changes in the ratio of
each nonlabor input to labor. In table 4, the
post-1973 slowdown in labor productivity

§ = purchased business servicas input.

Nove: Q= quantity; K= capital input; L = labor Input; £ = energy input; M = matetials input;

growth is explained in terms of multifactor
productivity growth and contributions of fac-
tor intensities.!® During the 1948-73 period, all
of the nonlabor inputs grew relative to labor
and thus enhanced labor productivity growth.
However, multifactor productivity growth of
3.6 percent per year outweighed all of these
factor intensity effects (2.6 percent per year
combined). By the same token, half of the
dropoff of 6.4 percent per year in output per
hour growth after 1973 is attributed to the
slowdown in multifactor productivity. The
falling rate of growth in the capital-to-labor ra-
tio was associated with 1.1 percent per year of
the decrease in output per hour growth. And
declines in the ratios of both energy and mate-
rials to labor contributed another quarter of
the slowdown in labor productivity growth.

Table 1 shows that energy productivity
growth accelerated 0.2 percent per year after
1973, while all other single-factor productivity
growth rates decreased. (See chart 3.) This
may have been due to the rapid increase in the
price of fossil fuels, which provided an incen-
tive to economize in their use. From 1973 to
1988, the price of energy inputs increased 11.0
percent per year, and the consum ption of ener-
gy inputs by utilities slowed more after 1973
than that of any other input. (See chart 2.) The
cost share of energy input doubled, despite the
slowdown in energy consumption of 6.3 per-
cent per year after 1973.

Growth in output per unit of materials input
fell from 3.6 percent per year for the 1948-73
period to 1.9 percent per year during 1973-88,
but this figure was still the highest productivity
growth rate of any input in the post-1978 peri-
od. Materials prices inereased 13.1 percent an-
nually after 1973, due primarily to the price of
natural gas, which accounts for two-thirds of
materials input purchases. (See chart 4.) The
large increase in materials prices led toa rise in
the cost share of materials, from 12 percent
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Multifactor Productivity in Utility Services

Chart 3. Growth in single-factor productivities and multifactor productivity before and after 1973

Compound annual Compound annual
growth rate growth rate
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Chart 4. Growth in input prices before and after 1973
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during 1948-73 to 18 percent for the 1973-88
period, even though the annual growth rate of
materials use fell 4.4 percent after 1973, to-0.3
percent per year.

Of all single-factor inputs, business services
showed the least improvement in productivity
over the study period, 0.6 percent per year.
Average increases of 0.9 percent annually
from 1948 to 1973 were not sustained after
1973, when the growth rate fell to an average
of 0.1 percent per year. (See chart 3.) Because
the share of services in total factor cost was
only 8 percent, this backslide did not contrib-
ute significantly to the slowdown in multifac-
tor productivity.

Sammary and conclusions

The BLS project presented in this article devel-
oped indexes of total output and five major in-
puts for utility services industries, which are
used to compute an index of multifactor pro-
ductivity. The annual rate of change in the
multifactor productivity index for the 1948-88
period was 2.4 percent per year. Results for the
periods before and after 1973 are also reported
and reveal a multifactor productivity slow-
down of 3.2 percent per year. Single-factor
productivity statistics show large slowdowns
in both labor and capital productivity for pub-
lic utilities. Energy productivity grew an aver-
age 1.3 percent per year throughout the
1948-88 period and was unique in its improve-
ment from the pre-1973 to the post-1973 peri-
od. Although materials productivity growth
slowed after 1973, at 1.9 percent per year it ex-
ceeded all other singlefactor productivities
during the post-1973 period.

Rates of growth in the quantities and prices
of inputs and output are presented and provide
insight into the continued growth in energy
and materials productivity. Energy consump-
tion grew 6.5 percent per year, on average,
from 1948 to 1973 and then leveled off. Materi-
als input use increased 4.1 percent annually
during the same period, but declined 0.8 per-
cent per year thereafter. Meanwhile, consump-
tion of all other inputs continued to grow in the
post-1973 period, which suggests that other in-
puts were substituted for energy and materials
after 1973. This is not surprising, given the
growth in the prices of those two inputs: 11.0
percent per year for energy and 13.1 percent
per year for materials during 1973-88.

Analysis of the two components of materials
input revealed that output per unit of nongas
materials fell off dramatically after 1973, while
productivity of natural gas used as a material

input improved.' Natural gas accounts for
about two-thirds of materials expense, so in-
creasing fossil fuel prices after 1973 may have
had a positive impact on the efficiency with
which natural gas is transported, similar to the
improvement in energy productivity, repre-
senting fossil fuels that are burned.

Capital is found to account for a much larg-
er share in total factor income than any other
input, so that changes in capital input have a
bigger impact on multifactor productivity
than do proportionate changes in the other in-
puts. Therefore, the modest 2.4-percent rate of
growth in capital input from 1978 to 1988 was
a major cause of the productivity slowdown,
compared with the 1.6-percent growth
achieved in output.

The precipitous fall in labor productivity
growth of 6.4 percent per year from the
pre-1973 period to the post-1973 period can be
mathematically attributed to changes in other
factors with respect to labor and to changes in
multifactor productivity. The slowdown in
output per hour coincided with slower growth
in the capital-to-labor ratio and with absolute
declines in the intensity of energy and materi-
als inputs relative to labor. Half of the labor
productivity slowdown is associated with de-
clining multifactor productivity growth.

The measure of multifactor productivity
presented in this article describes the relation-
ship between real output and five major inputs
involved in its production. Changes in this re-
lationship, and thus in multifactor productiv-
ity, reflect the joint effects of many influences,
including new technology, economies of scale,
and changes in the efforts and characteristics
of the work force. These effects are not meas-
ured separately here, but previous studies sug-
gest that economies of scale are responsible for
some of the increases in multifactor productiv-
ity in the electric utility industry.

Laurits Christensen and William Greene
analyzed firm-level data for private electric uti-
lities for the years 1955 and 1970.1" Focusing
only on generation of electricity, they found
that “in 1955 there were significant scale econ-
omies available to nearly all firms. By 1970,
however, a large share of total electric power
was generated by firms which had exhausted
scale economies.”® Frank Gollop and Mark
Roberts examined all operations of a subset of
these same private electric utilities for the peri-
od 1958 to 1975 and concluded that there were
scale economies available throughout their
sample.!® They pointed out that this is not in-
consistent with the findings of Christensen and
Greene, because, “while economies in genera-
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tion may well be exhausted at a relatively small
scale of operation, engineering considerations
suggest that significant economies persist in
both transmission and distribution.”®

It is likely that scale economies are also asso-
ciated with the transmission and distribution
of natural gas. The fact that the price of natural
gas for industrial use is much less than that for
commercial or residential use implies that dis-
tribution costs decrease as consumption per
customer increases. Historically, quantities of
gas used by customers within each consumer
category have increased, reducing distribution
costs for the same reasons that industrial serv-
ice costs less than residential service at a given
point in time. Serving growing numbers of cus-

Footnotes

tomers may also provide opportunities to ex-
ploit scale economies.

Economies of scale have probably been real-
ized by the utility services industries during
part or all of the 1948-88 period. However, the
framework within which multifactor produc-
tivity is measured in this article assumes con-
stant returns to scale. Because of this assump-
tion, multifactor productivity measures reflect
scale effects, along with other sources of pro-
ductivity growth. If, as some empirical evi-
dence suggests, multifactor productivity bene-
fited more from scale economies in the
pre-1973 period than in the post-1973 period,
this would explain part of the slowdown in its
rate of growth.? O

1 The utility services industries are classified in Standard
Industrial Classification (SIC) major industry group 49
and are engaged in the generation, trangmission, and distri-
bution of electricity; transmission and distribution (but not
production) of natural gas; distribution of water; and col-
lection and digposal of waste. Government-owned utilities
are excluded from the new measure to maintain consisten-
cy with the BL.S measure of multifactor productivity for the
private business sector. See Executive Office of the Presi-
dent, Office of Management and Budget, Standard Indus-
tricl Classification Manual (Washington, U.8. Govera-
ment Printing Office, 1987), p. 237.

2Indexes of output per hour and related measures for gas
and electric utilities (51C’s 491, 492, and 493) appear in
Productivity Measures for Selected Industries and Govern-
ment Services, Bulletin 2406 (Bureau of Labor Statistics,
April 1992).

4 This figure is the change in the rate of growth in output
per hour worked from the 1948-73 period (2.5 percent per
year) to the 1973-88 period (0.8 percent per year).

4 Annuel Energy Review, 1990 (Depariment of Energy,
May 1981), Table 4, pp. 11-12. Data reflect the entire elec-
tric utility industry.

4 A BLS measure of multifactor productivity in the rail-
road transportation industry, also in the services sector,
appears in Productivity Measures for Selected Industries
and Government Services.

6 This definition of outputs and inputs in terms of trans-
actions outside the sector will ultimately allow compari-
sons of productivity measures for different levels of aggre-
gation, using a method proposed in E. D. Domar, “On the
Measurement of Technical Change,” Economic Journal,
Vol. LXXI (December 1961), pp. 709-29. The definitions
are consistent with the study of muliifactor productivity in
two-digit sIC manufacturing industries by William Gul-
lickson and Michael Harper, “Multifactor productivity in
U.S. manufacturing, 1949-83,” Monthly Labor Review,
October 1987, pp. 18-28.

7This is the way construction is handled by the Burean
of Economic Analysis of the Department of Commerce in
its input-output analysis.

8 A Tornqvist index is a discrete approximation to a Di-
visia index. W. E. Diewert has demonstrated (”"Exact and
Superlative Index Numbhers,” Journal of Ecomoemeirics,
Vol. 4, No. 4, 1876, pp. 115-45) that the Tornqvist index is
a “superlative index number formula,” which means that it
gives an accurate aggregate under fairly general condi-
ticns. According to Diewert, the Tornqvist index i “ex-
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act” for a translogarithmic production function. In that
case, sectoral output (¥} is produced at time £ using inputs
of capital (K), labor (L), energy (E), materials (M), and
purchased husiness services (§); that is,

Y = fiK,LEM.S,1).

For further discussion of the multifactor productivity
model, see Trends in Multifactor Productivity, 1948-81,
Bulletin 2178 (Burean of Labor Statistics, September
1983), pp. 33-34.

#The multifactor productivity index may also be com-
puted as the ratio of the index of sectoral output to the in-
dex of aggregate input, or Y /1.

19 The use of Tornqvist aggregation of outputs is consist-
ent with a model of joint production in which “representa-
tive firms” choose how much of each output o produce
based on maximization of profit, given exogenous output
prices and a “transformation function.” The properties of
transformation functions are analyzed in W.E. Diewert,
“Functional Forms for Profit and Transformation Fune-
tions,” Journal of Economic Theory, 1973, Vol. 6, pp.
284-3186.

1 Qutput of water companies and companies offering
other sanitary services is based on receipts data, which do
not involve Torngvist aggregation.

1280e Federal Reserve System, Division of Research and
Statistics, Capacity Utilization, Maenufacturing, Mining,
and Utilities and Industrial Materials, January 1967-De-
cember 1984 (Washington, Board of Governors of the Fed-
eral Reserve System, July 1985); and Industrial Production
and Capacity Utilization (Washington, Board of Gover-
nors of the Federal Reserve System, monthly press re-
leases, June 1985-May 1989).

3 The capital input meature used here is a weighted ag-
gregate of capital assets, where the weights are implicit
rental prices of these assets. In the traditional framework
for the measurement of multifactor productivity, capital
inputs are assumed to be fully utilized, allowing capital
stocks to be used as proxies for the flow of capital services.
‘When the assumption of full capacity utilization does not
hold, capital stock may nolonger be a valid proxy for capi-
tal services. Two studies addressing this issue are Ernast
Berndt and Melvyn Fuse, “Productivity Measurement
with Adjustments for Variations in Capacity Utilization
and Other Forme of Temporary Equilibrium,” and
Charles Hulten, “Productivity Change, Capacity Utiliza-
tion, and the Sources of Efficiency Growth,” both of which




appeared in the Journal of Econometrics, Vol. 33,
Oct.-Nov. 1886. These analyses show that variations in ca-
pacity utilization are captured in multifactor productivity
measures through the use of an ex post rental price in the
weight on capital input. The ex post rental price of capital
would decrease when capacity was underutilized, and,
compared with the traditional measure, multifactor pro-
ductivity growth would be increased. Since the Bureau
uses an ex post procedure in computing the rental price of
capital, the effect of variations in capacity utilization on the
capital or multifactor productivity measures may, to some
extent, already have been captured. For further discussion,
see Susan Powers, Cyclical Movements in BLs Multifactor
Productivity Measures and Caopacity Utilization, Working
Paper 198 (Burean of Labor Statisties, August 19889).
14 8tarting with
AlnA =AY -wgAln K - wgAInL

- WEA]II E - WMA].n M- wgAln §,
to both sides weadd Aln Y, subtract Aln A, and multiply
by -1 to obtain
AlnY = AlnA + wgAln K + wrAln L,

+wplAln E + wyAln M+ wgAln §.
Subtracting Aln L (in theform (wg + wy, + wg + wy +
gy Aln L, with (wg +u; +wg + wpyy + wg) equalio 1 on
the right side) yields

AlnY-AlnL = AlnA + wgAln K

+wiAln L + wgAln E + wyyaln M
+wsAIn S - (wy + w, + wgtwy + wgdA InL,

or
AlnY-All =AlA + wg{Aln K - Aln L)
+ wg{Aln £ - Aln L) + wyy(Aln M - A Inl)
+ we{AIn§ - Alnl),

APPENDIX: Data sources and methods

where the left side is equivalent to labor productivity
growth and the terms on the right side represent multifac-
tor productivity growth and changes in the ratios of each
nenlabor factor to labor multiplied by that factor’s average
share in income.

15 he contributon of 2 factor's intensity to growth in
output per hour is defined as the factor’s cost share times
the growth rate of the ratio of the factor's quantity to labor
hours. This is not a causal explanation of growth in cutput
per hour, as noted by Michael Harper and William Gul-
lickson in “Cost Function Models and Accounting for
Growth in U.8. Manufacturing, 1949-86,” presented at the
National Bureau of Economic Research Summer Institute,
July 24-28, 1988.

18 The rate of growth in productivity of natural gas used
as a material increased from 2.0 percent per year in the
1948-73 period to 4.8 percent per year during 1973-88.
Productivity growth of other maierials fell from 5.0 per-
cent per year prior to 1973 to —3.0 percent per year in the
post-1973 period.

¥TLaurits Christensen and William Greene, “Economies
of Scale in U.8. Electric Power Generation,” Journal of Po-
litical Economy, Vol. 84 (August 1978), pp. 655-76.

18Christensen and Greene, “Econcmies of Scale,” p.
656.

19Frank Gollop and Mark Roberts, “The Sources of
Economic Growth in the U.S. Electric Power Industry,” in
Thomas Cowing and Rodney Stevenson, eds., Productivity
Measurement in Regulated Industries (New York, Aca-
demic Press, 1981), pp. 107-43.

2 Gollop and Roberts, “Sources of Economic Growth,”
p- 127 {fooinote 23},

N Gollop and Roherts, ibid., p. 140, estimated that, for
selected electric utilities, the average annual change in pro-
ductivity growth due to scale economies was 1.8 percent
from 1958 to 1973 and -0.1 percent during the 1973-75
period.

Following are discussions of the data and methods
used to develop indexes of each major input and
each type of output. In some instances, data for
more than one three-digit industry must be pro-
cessed together, and the methodology is presented
Jjointly.! For example, the best available data on
electricity sales include sales of electricity by combi-
nation electric and gas companies. Similarly, sales
of gas by combination utilities are included in the
data on gas sales. Thus, measures developed sepa-
rately for electric utilities and gas utilities, when
summed, encompass sic industries 491 through
493. In general, no problem is presented by source
data that overlap three-digit industries, because
such data are aggregated to the two-digit level.

Outpui measures

In 1988, the value of sectoral output for privately
owned utilities wag approximately $200 billion,
Seventy percent ($140 billion) wag accounted for by
electricity services, 20 percent ($40 billion) by gas
services, and 10 percent ($20 billion) by all other
utility services combined.

Electric services.  Electricity output is measured in

kilowatthours. Because the utilities are engaged in
distribution as well as generation of electricity, out-
put is based on kilowatthours sold to ultimate con-
gumers, not kilowatthours generated. Although
electricity would seem to be homogeneous, consider-
ation of the distributive service reveals differencesin
the producet provided to various types of customers.
In many cases, industrial customers receive larger
amounts of electricity at higher voltage, and there-
fore lower unit cost, than do residential customers;
the unit cost of distribution is inversely related to the
quantity supplied. For this reason, most electric uti-
lities employ a rate structure distinguishing several
classes of service. In the aggregation of electric serv-
ices output, kilowatthouzrs gold to each class of serv-
ice are weighted by the price of that service, in order
to value the several types of output according to their
relative unit costs,

The cost of generating electricity at a given plant
varies with the time of day and season of the year. It
is generally higher during a peak load period, pri-
marily because equipment that is less efficient due to
age or because it requires a more expensive type of
fuel may be called into service. Industrial customers
are sometimes able to pay lower rates by scheduling
work to take advantage of offpeak prices, but resi-
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dential customers are not generally offered this op-
tion and, in any event, cannot schedule consump-
tion to take advantage of such discounts. This
source of disparity between the average prices paid
by residential and industrial customers is also re-
flected in the output series, via smaller price weights
applied to industrial consumption. Similarly, lower
rates resulting from long-term contracts are cap-
tured in the output measure.

The price-weighted electric services output meas-
ure reflects variable distribution costs, ag well asrate
differences among classes of service that are related
to the cost of generation of electricity. The measure
prevents bias in productivity measvres due to
changes in the distribution of sales among classes of
gervice. For example, if output were defined as un-
weighted kilowatthour sales, productivity gains
would be inferred incorrectly if consumgtion shifted
toward the low-cost industrial service.

The development of output is made possible by
excellent source data. The Energy Information Ad-
ministration of the Department of Energy publishes
electricity sales and revenues by class of service for
“gelected investor-owned electric utilities.”® These
data cover practically all of the privately owned
electric utility industry, with which we are con-
cerned. Cooperatively owned electricity production
is reported by the Department of Agriculiure’s Ru-
ral Electrification Administration and is used to
supplement the Department of Energy data.®

Purchases of electricity by Federal and municipal
electric utilities from private electric utilities should
be included in output. However, these transactions
are excluded therefrom in this study, along with
sales between private electric utilities, because sales
for resale are reported in total by the Department of
Energy. Related published data indicate that in
1985, these sales were at most 6.4 million megawatt-
hours of the 337.1 million megawatthours sold for
tesale by private utilities.

Gos production and distribution. By definition,
gas utility services include the transmission, stor-
age, and distribution of all gas, as well as the pro-
duction of manufactured, mixed, and liquefied pe-
troleum gas.® As a statistical matter, gas services
output is approximated by gas sales to ultimate con-
sumers, Natural gas sales currently account for 99
percent of all gas sales to final consumers and are
therefore virtually equal to output. During 1947,
the figure was 87 percent, with manufactured gas
accounting for 8 percent and mixed gasfor 5 percent
of sales. However, by 1955, manufactured gas pro-
duction was less than 1 percent of output, and the
share of natural gas had climbed to 95 percent. The
remainder was mixed gas, production of which
plummeted shortly thereafter. Liquefied petroleum
gas has never been important statistically in aggre-
gate industry data.

It is the distributive aspect of gas service that
gives rise to the large differences in rates facing vari-
ous categories of customers; gas utilities have not
produced substantial amounts of gas for decades.
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As in the case of electric utility service, the quantity
of gales in each category iz weighted by its revenues,
yielding an index of output that recognizes the dif-
ferent costs of distribution. Sales and revenue data
for residential, commercial, industrial, and other
cugtomers for the period 1947-89 are available
through the American Gas Association.”

Because the gas output series i but a constituent
of a sectoral output series for all utility services,
sales of gas to electrie utilities must be removed
from output. Sales of gas for the generation of elec-
tricity, together with corresponding revenues, are
included in the “industrial” and “other” categories
of the American Gas Association data. They are
also reported separately and so may be deducted
from these categories of sales and revenues prior to
aggregation of output. Analogously to the case of
electricity output, purchases of gas by publicly
owned electric utilities should be included in out-
put, but are removed along with the much larger
amotints of gas sold to privately owned electric utili-
ties.

Gaas sold by municipally owned gas companies is
included in the source data and must also be re-
moved from output to be consistent with the restric-
tion of this measure to privately owned utilities.
Data on recent sales and revenues are reported by
type of ownership in Gas Facts, and additional data
are available from the American Gas Association.
Data on municipal gas sales have been provided for
1974 through 1989 and corresponding revenues
from 1980 forward. Prior to 1974, municipal gas
sales could be derived by deducting sales by private
gas companies from sales by all gas companies.
Moreover, the details by class of customer during
1974-84 revealed that the distribution of total mu-
nicipal gas sales among the four service classes was
nearly constant over the period. The total municipal
sales in each year from 1948 to 1973 were distrib-
uted on the basis of the average percent distribution
from 1874 to 1984. Finally, sales by class of service
were multiplied by the average price of all gas sales
by class, and both sales and revenues of the munici-
pal gas companies were subtracted from output.

Ideally, electricity and gas sales to privately
owned companies dealing in water and sanitary ser-
vices would be excluded from the cutput measure.
Data for private companies are not reported sepa-
rately from sales to publicly owned firms, which ac-
count for & large majority of such transactions.®
Electricity and gas consumed by private water and
sanjtary services companies is not deducted, but the
overgtatement of output is insignificant. For exam-
ple, the fofal water and sanitary services industry
consumption of electricity and gas of $12.7 million
in 1972 wag just 0.03 percent of the $37.446 billion
in sectoral output of the private utilities services in-
dustry.?

Water supply and sanitary services. The Internal
Revenue Service publishes estimated business re-
ceipts by corporations for water, sanitary services,
steam, and irrigation services (sic industries 494
through 497).1% Actually, data for 1947 through




1957 cover water services only, but all of the preced-
ing arereflected in data from 1958 to 1988. Thedata
are based on income tax returns of a sampte of cor-
poratjons that changes from year to year. Similar
treatment is given to returns by partnerships and
sole proprietors, but the results are not reported
separately for water and sanitary services. These
current-dollar receipts data are deflated using the
implicit price deflator for private consumption of
water and sanitary services developed by the Bu-
reau of Economic Analysis.!! The constant-dollar
revenue series i3 then indexed and used to complete
the aggregation of total utility services output. The
Internal Revenue Service data do not permit sub-
traction of intraindustry consumption of water and
other sanitary services. However, in 1972, electric
and gas utilities purchased lessthan I percent of wa-
ter and other sanitary services output.’?

Input measures

Capitol input. Capital input is defined as the flow
of services from the capital stock and is assumed to
be proportional to that stock, Utility industry capi-
tal stock includes equipment, structures, and land.
Data on investment in these capital assets are pub-
lished by the Bureau of Economie Analysis for sev-
eral two-digit sic industries, including sic 49.13 The
Bureau of Lahor Statigtics has developed capital
stock measures for the depreciable assets (equip-
ment and structures) of these industries by applying
the perpetual inventory method to the Bureau of
Economic Analysis investment data. This method
involves the assumption that the efficiency of assets
deteriorates with age. In particular, it iz assumed
that efficiency declines slowly in the early years of
an asset's life and more rapidly later on. Inventories
are based on estimates from the Bureau of Econom-
ic Analysis. Land is estimated as described in an un-
published BLs manuscript.!*

Source data for 17 distinct types of capital assets
contribute to the capital stock measure for sic 49.
Stocks of the several assets are combined using
weights derived from estimates of implicit rental
prices —the prices that the various types of capital
would bring on a hypothstical rental market. These
rental price estimates are calculated as the rate of
return on the assets, plus the rate of depreciation,
minus capital gains, all in nominal terms. Torngvist
aggregation over the individual agsets yields a quan-
tity index and price series for real capital input that
may be used in the multifactor framework.?

Laborinput. The unit of measure of labor input is
the paid hour. In this study, no attempt is made to
adjust for changes in labor composition. The scope
of labor input is limited to operations and mainte-
nance workers, with the intention of excluding any
labor devoted to new construction. This is consist-
ent with the definition of output as sales by utilities,
rather than a broader concept that includes struc-
tures completed or in progress. Studies of multifac-
tor productivity growth are thereby confined to the

primary function of utilities, namely, the provision
of electric, gas, water, or other services, This is a sig-
nificant matter in the electric utility industry, be-
cause a quarter of its employees are construction
workers. Thus, a desirable characteristic for source
data for labor input is that such data distinguish
these workers from the rest.

Sources of employment data for electric utilities
are the statistical yearbooks of Edison Electric In-
stitute and the Rural Electrification Administra-
tion.!® The Edison Electric yearbook breaks out em-
ployment data into operations, maintenance, and
construction workers and covers 98 percent of pri-
vate industry. Edison Electric employment data ex-
tend back to 1951, and percent changes in employ-
ment in sic 491, available from the BLs establish-
ment survey, were used to move the Edison Electric
series from 1951 back to 1947.7 The Rural Electri-
fication Administration reports only full-time em-
ployment, and this series is added directly to the
Edison Electric series. Thus, it is assumed that no
full-time construction workers are employed by Ru-
ral Electrification Administration borrowers.

The source data for employment in the gas utility
industry are not well suited to distinguishing con-
struction workers. Employment ai private gas utili-
ties is reported in Gas Facts, beginning in 1972,
Construction workers are included in the total, but
are not reported separately. It was possible to ex-
tend this series back to 1947 using employment in
the total gas industry, which is reported for the en-
tire study period by the American Gag Association.
This left the matter of estimating and subtracting
out construction labor. The American Gas Associ-
ation reports payroll data broken out into opera-
tions, construction, and miscellaneous categories,
starting with 1971 for the investor-owned part of
the industry and with 1947 at the total industry lev-
el.1® By assuming that wages of gas utility construc-
tion workers are competitive with those of the con-
tract construction workers in sic 162, which in-
cludes the building of gas pipelines, an estimate of
employment in the private gas utility construction
industry was derived back to 1972, thefirst year for
which average weekly earnings for stc 162 are re-
ported hy the Bureau of Labor Statistics in Employ-
ment, Hours, and Earnings. Subtraction of this se-
ries from the total employment series yields esti-
mated nonconstruction employment for 1972-89.
An alternative estimate of nonconstruction employ-
ment was then calculated under the assumption that
construction workers in gas utilities earn the aver-
age wage for the gas utilities industry. In this man-
ner, total employment could be distributed between
the construction and nonconstruction parts of the
industry in the same proportion as payrollin the in-
dustry i distributed. The method produced a series
that moves in the same direction as the first esti-
mated noncopstruction employment series in every
year. We used movements in the latter series to
complete the measure of nonconstruction employ-
ment in investor-owned gas utilities because that se-
res covers a longer period than the other does.!?

Employment in the other uiility services, encom-
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passing sic industries 494 through 497, was found
as the residual of employment in s1c 49 less employ-
ment in sic industries 491 through 493. All of the
required data appear in Employment, Hours, and
Earnings, except for employment in sic 492 and sic
493 during 1947-49.2 Stable employment trends
during the early 1950’s were utilized to estimate em-
ployment figures for the years 1947-49.2' In the ab-
sence of evidence of construction labor in stcrs 494
through 497, it has been assumed that there is none
there, Employment in stc industries 494 through
497 is very small relative to that in electric and gas
utilities (about 10 percent, on average, of the total
for sic 49), so that a fairly stable proportion of em-
ployees devoted to construction would not signifi-
cantly affect the two-digit labor input trend.

Employment must be multiplied by average
weekly hours and 52 weeks per year to find hours,
the unit of measure of labor input. Employment,
Hours, and Egrnings also contains the data on aver-
age weekly hours used in this article.? Average
weekly hours of nonsupervisory workers are re-
ported by three-digit sic industry, with data begin-
ning in 1947 for sic 491 and in 1950 for sic 492 and
sic 493. These three industries combined cover all
the private electric and gas utilities, Because theem-
ployment data for electric and gas utilities were de-
veloped separately, and because sic 492 includes
both electric and gas utilities, average weekly hours
could not be applied at the three-digit level. There-
fore, an average weekly hours series for sic indus-
tries 491 through 493 combined was derived.

Average weekly hours for stc 491 through sic
493 combined were found by first multiplying aver-
age weekly hours by employment in each industry,
where these data refer to nonsupervisory workers.
Then the results were summed over the three indus-
tries. The sum was subsequently divided by the sum
of nonsupervisory employment to get an average
weekly hours figure for electric and gas utilities to-
gether. It was necessary to assume that average
weekly hours in sic 492 and sic 493 were the same
in 1947-49 as they were in 1950. Hours in electric
and gas utilities are, then, the product of their
summed employment, this combined average week-
Iy hours series, and 52 weeks per year.

Hours for the remaining industries in stc 49 were
found as the residual of total employee hours in sic
49 less total employee hours in sic 491 through sic
493. It was necessary to estimate average weekly
hours in sic 49 for the 1947-57 period using fore-
casting methods and data at the three-digit level. 2
The hours series thus obtained for src 494 through
SIC 497 is based entirely on published data, Unpub-
lished BLs data also permit direct ealeulation of
hours for sic industries 494 through 497 back to
1972, Differences between the two alternative series
since 1972 are very small. Since the series estimated
using published data would have to be used for
years prior to 1972 in any case, it is used for the en-
tire 1947-89 period. This series was then added to
the nonconstruction worker hours series for sic 491
through sic 493 to complete the labor input series.

Weights for the labor input series are based on
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current-dollar payments to labor. The Bureau of
Economic Analysis provides labor compensation
data by two-digit industry wherein both wages and
supplements to wages contribute to total compensa-
tion.* Total labor compensation is appropriate for
use in the multifactor productivity framework, to
account for all costs of production. After the labor
input series isindexed, compensation in current dol-
lars is divided by the index to get the corresponding
geries of prices.

Energy input. Electric utilities accounted for 85
percent of expenditures on energy input by sic in-
dustry group 49 in 1960, 90 percent in 1970, and 92
percent in 1980. Energy input to electric utilities
consista primarily of fossil fuels burned to drive
electricity-generating plants. Electric utilities also
produce electricity from water and wind and from
solar and geothermal power, Accordingly, these are
energy inputs, too. On the other hand, electricity is
produced using nuclear fuel, yet nuclear fuel is in-
cluded in capital input. The reason is that the long
useful life of this energy source, about 5 years, sug-
gests treating it as a depreciable capital asset.

The fossil fuels used to generate electricity are
coal, oil, and gas. The treatment of coal and oil in-
put is straightforward: the quantities consumed and
prices paid for these twofuels by the electric utilities
are incorporated into aggregate energy input. Tech-
nically, gas purchases by electric utilities from gas
pipeline companies and gas distributors are ex-
cluded from energy input because these are intrain-
dustry transactions. However, these amounts of gas
are properly included in energy input as inferindus-
try sales from stc 13 to sic 49. Therefore, the quan-
tity of gas consumed by electric utilities is included
in energy input, but valued at the price paid to the
gas producers in src industry 13.

The Energy Information Administration of the
Department of Energy is able to provide data on
quantities of coal, oil, and natural gas consumed by
privately owned electric utilities from 1970 on.%
These three series were extended back to 1947, based
on closely related information available in the Edi-
gon Electric Institute statistical yearbook.?® There,
one finds data on the consumption of fossil fuels by
all electric utilities for the entire period of the study.
Quantities of electricity generated, by type of owner-
ship and by type of prime mover driving the genera-
tor, are also reported back to 1947. This article uses
electricity generation driven by conventional (as op-
posed to nuclear) steam engines and turhines and by
internal combustion engines, because these are the
prime movers that consume fossil fuels. The data
were utilized as follows: the ratioc of fossil fuel-pow-
ered generation at privaie electric utilities to that at
all electric utilities was multiplied by the consump-
tion of each fossil fuel by all electric utilities, giving
estimated private fuel consumption. Estimated val-
ues for 1970-88 were compared with actual fuel con-
sumption data provided by the Energy Information
Administration, and the ratio of actual to estimated
consumption 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 the product of consumption and average
prices paid by electric utilities. The quantities of gas
used are valued at the price originally paid to the
producers of the gas by the pipeline companies. This
price is available from 1958 on, and before that, the
price of all marketed production serves as a good
proxy. Price data are published in Monthly Energy
Resiew by the Department of Energy.?’

Natural gas that is transported through gas pipe-
lines and utilities to final consumers outside sic 49 s
included in materials input, not energy input. But
the smaller amounts used by the utilities themselves
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 pipe-
lines, primarily for compressors, and must be in-
cluded in fuelinput. Natural Gas Annual reports the
amounts of gas used for this purpose from 1947 on
and corresponding prices from 1967 on.? Here
again, the price of marketed production is used from
1947 t0 1957. The price of pipeline fuel from 1958 to
1966 is reported in the National Energy Accounts
Data Base, available from the Department of Com-
merce.? This is also the source of data on prices and
quantities for other fossil fuel consumption by elec-
tric and gas utilities, such as gasoline for cars and
trucks, and for water and geothermal power used by
electric utilities.

Energy input for the remaining utility services in-
dustries is provided in the National Energy Ac-
counts Data Bose ™ The data are organized primari-
ly by Bureau of Economic Analysis input-output in-
dustry, but a single industry classification — water
supply and sanitary services —corresponds to sic in-
dustries 494 through 497. The substantial detail de-
scribes how each of several types of fuel was used;
the quantities used, in physical units; and the cost,
in both current and constant dollars. Eight different
petroleum products are Tornqvist aggregated to get
the fuel input to sic industries 494 through 497.

However, the National Energy Accounts Date
Base reflects energy consumption by both private
and government water and sanitary services provid-
ers, the majority being government. It is therefore
necessary to adjust this component of energy input.
The ratio of employment by private water and sani-
tary services companies to employment at all water
and sanitary servicescompaniesistaken as an indica-
tor of the portion of energy consumption attributable
to the privatefirms. The development of data on pri-
vate employment based on published BLs data has
been described previously. Data on government em-
ploymentin water and sanitary services are available
from the Bureau of the Census. 3 The ratio of private
to total employment increases throughout the
1958-88 period, from 11 percent to 26 percent. The
ratio series is multiplied by the price series for energy
consumed by all water and sanitary servicescompan-
ies. The index of the quantity of energy consumed by
all water and sanitary services companies isretained,
while price and, therefore, total cost are adjusted toa
level consistent with services provided by private
firms, as suggested by employment figures.

Data from the National Energy Accounts Data
Base are currently available for 1958 through 1985.
The ratio of energy cost including these data to en-
ergy cost excluding them in 1958 was multiplied by
the energy cost for electric and gas utilities from
1947 to 1957 to estimate total energy costs. Similar-
ly, the ratio in 1985 was applied in the period
1986-88. The ad justment is necessary to give energy
input the appropriate weight in the aggregation of
total input. It does not affect the energy input quan-
tity index during the years 1947-57 or 1986-88, but
is reflected in the series of energy input prices.

Materiels input. Materials input is developed in
two parts: natural gasused asa material rather thana
fuel and all nongas materials. These components are
combined to get total materials input. The natural
gasused asa material input accountsfor the majority
of materials input cost and, therefore, dominates
movements in the total series. Thig is especially true
after 1973, due to the increased price of natural gas.

Gas purchased by sic 49 is included in fuel input
only if it is burned to produce heat or power. Gas
destined for final consumption outside sic 49 be-
longs in the materials input measure. Thus, gas used
as materials input is equal to gas acquired by gas uti-
lities, plus net withdrawals of gas previously stored,
less amounts consumed within sic 49. The Ameri-
can Gas Association provides all of the quantity
data used in the caleulation of gas materials input.®
These data are consistent with the association’s
sales data, which are the basis for gas utility output
data. From the total supply of gas utilities, which
meludes net withdrawals from storage, the amount
of gas used as a fuel by electric utilities and by gas
utilities is subtracted.3 Amounts of gas ultimately
sold to municipal gas companies are also sub-
tracted, which is consistent with removal of munici-
pal sales from output. Price series that are precisely
applicable to each of the quantity series or other,
proxy price series are published by the Department
of Energy %

The quantity and cost series for nongas materials
are constructed on the basis of a series of annual in-
put-output tables developed by BLs, using tables
from the Bureau of Economic Analysis as bench-
marks. % Because the BLs tahles cover only 1947 and
the period 1958-88, it was necessary to interpolate
between 1947 and 1958. Current dollar cost data
were used to find shares in income in 1947 and for
1958 on, and then income shares for 1948-57 were
interpolated using the simple straight-line method.
Quantities of each item included in materials were
interpolated for the 1948-57 period. Next, total
nongas materials were derived as a weighted sum of
these estimated quantities. The weights were based
on the estimated current-dollar expenditures on
each item, derived by reflating the estimated quanti-
ties. Purchases of higher priced inputs are thereby
weighted more heavily, as is appropriate for this
purpose. Growth rates in the aggregate constant-
dollar series are used to derive quantity indexes, and
dividing these into current-doilar totals produces
series of prices required for Torngvist aggregation.
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The indexes and price series for the two parts of
materials input are combined prior to aggregation
of total input. Thus, the results presented ahove re-
fer to the combined series.

Business services input. 'The development of a se-
ries for business services input to sic 49 is analogous

Footnotes to the appendix

to that for nongas materials. Servicee inputs shown
in the BLs input-output tables are aggregated using
the same methods. Data had to be estimated for
1948-57, and this was done in the same way. Aggre-
gation of services input differs from that of nongas
materials input only in the set of input-output in-
dustries whose products are included ¥

! There are seven three-digit utility services industries:
491 Electric tervices
492 Gas production and distribution
493 Combination electric and gas,
and other utility services
494 Water supply
495 Sanitary services
496 Steam supply
497 Irrigation systems

2J. M. Gould, Output and Productivity in the Electric
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Decade of children and the family

It is vexing 1o see decades labeled according to a single mood—the swinging sixties,
the greedy eighties. The shift of a digit on the calendar year can hardly cause such a
profound swing in the national psyche, only a fraction of the population. Nevertheless,
the 1990s will be dedicated in 3 major way to children and family because family life
will be at its peak for the most influential gencration in the population—influential by
virtue of its size and now aging into positions of influence. This shift cannot help but
influence fertility decisions at the margin. Thus, other things being equal, we will
probably see a somewhat higher fertility rate. How high cannot be predicted, but it
will probably not be very much higher than the 2.2 in the high-fertility projection
series, since the opportunity costs of having children are more likely to increase than to

decrease.
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