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Preliminary estimates of
multifactor productivity growth

Final multifactor productivity measures take more than a year

to complete; using a simplified methodology and preliminary data,
it is estimated that private business multifactor productivity grew
3.1 percent in 2003 and 3.3 percent in 2004

term improvements in standards of living.

Productivity can increase because of in-
vestments in equipment and structures, a more
educated and experienced workforce, and im-
provements in technology. The BLS multifactor
productivity (MFP) measures are designed to iso-
late the effects on labor productivity of capital
growth and of the changing composition of the
labor force. These input effects are reported sepa-
rately, and multifactor productivity growth rep-
resents the unexplained portion of labor produc-
tivity growth.

The multifactor productivity measures are de-
signed along the lines of Solow’s method of growth
accounting.! Substantively, multifactor productiv-
ity change results from joint influences on eco-
nomic output of technological change; efficiency
improvements (for example, because of better
transportation or communications); returns to scale;
reallocation of resources (such as shifts of labor
among industries); and other factors, after allow-
ing for the effects of capital and labor growth. An
example of a source of efficiency improvement is
the construction of the interstate highway system.
It has been argued that this raised multifactor pro-
ductivity and, analogously, that the Internet and the
World Wide Web have done so.

Multifactor productivity change is defined and
measured as the growth rate of output minus the
growth rate of measured inputs. LetY be output,
L be a measure of labor inputs, and K be a mea-
sure of capital services inputs. Define s to be the
share of income paid to labor, and assume that

I abor productivity growth supports long-
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the remaining fraction (1-s) is paid to capital.
Delta (4) means the change since the previous
year, so AY/Y is the annual growth rate of output.
BLS measures the quantities on the right side of
the equation below to calculate the growth rate
of multifactor productivity.

AMFP :_A_Y__SA_L_(1_3)%(1)

MFP Y L

In the BLS approach, labor and capital inputs are
divided further as discussed below. For example,
labor input is a weighted combination of hours
worked and can be divided into hours and
changes in workforce composition. The nota-
tion we use later is that labor input L=H*LC,
where H is a measure of hours worked and LC is
an index of labor composition, adjusts for
changes in the education and work experience of
the employed population. Capital services can
increase from growth in productive stocks of as-
sets and from shifts within and across asset
classes. A capital-income-weighted average of
growth rates yields capital services. BLS pub-
lishes both index numbers and growth rates of
multifactor productivity that averaged 0.96 per-
cent from 1993 to 2002.

BLS calculates the annual growth of multi-
factor productivity for the U.S. private busi-
ness sector. This measure is generally released
about 14 months after the end of the year be-
ing measured, often called the target year.?
The lag occurs because the process of calcu-



lating multifactor productivity requires detailed data from
many sources.?

Some users of productivity measures, including policy and
budget organizations in the U.S. Government, have made their
own preliminary estimates of multifactor productivity while
awaiting the official BLS measures. For its frequent short-
term economic forecasts, the Federal Reserve routinely needs
multifactor productivity growth figures before the BLS mea-
sure becomes available. Therefore, Oliner and Sichel of the
Federal Reserve developed a method to make forecasts of the
Bureau’s estimates of multifactor productivity.*

This article summarizes a simplified methodology that BLS
plans to adopt to make preliminary estimates of private busi-
ness sector multifactor productivity change available within a
few months after the end of target year t. The simplified meth-
odology involves making estimates of the growth rates of out-
put, and of labor and capital inputs, and of the shares of each
input. (See equation 1). The simplified methodology works
with fewer categories of capital and labor than the full meth-
odology, as will be described below. The resulting simplified
measure, called MFP®, will later be supplanted by the full
measure called MFPF, when complete data become available.
The simplified measure is usually based on information from
the full calculation from the previous year and on up-to-date
information about approximate rates of change in output, la-
bor, and capital in the target year. The estimates of the rates
of change use information from the National Income and
Product Accounts (NIPA) and other sources that become avail-
able early in the year following the target year.

The simplified methodology is designed to estimate multi-
factor productivity in a way that closely approximates that
which is calculated by the full methodology, using the same
basic structure and assumptions. For example, both method-
ologies estimate a productive capital stock for each of several
kinds of assets. The productive stock is an aggregate of past
investments weighted by estimates of their declining capacity
to contribute to production because of deterioration and ob-
solescence. In the simplified method, such stocks are esti-
mated for only a few summary asset categories instead of
many detailed ones. In addition, rates of deterioration are
determined from the recent average rate over all asset types
in a class as developed in the full method. High-tech com-
puter-related capital is still kept separate from other equip-
ment in the simplified model because this category has grown
substantially (representing half of nominal investment in the
late 1990s) and has been influential on productivity trends in
recent years.

The simplified methodology is relatively transparent and
robust. Simplicity will help make the estimate available as
early as possible. The procedure is transparently related to
the full measure, and has been designed to approximate the
full measure with fairly modest degrees of random error and

bias. The computation is robust in that it is designed to work
even when there are changes in accounting categories or pro-
cedures within the statistical agencies. For this reason, pub-
lished data series were used wherever possible, not data se-
ries used only internally to the BLS or BEA. Although this may
slightly lower the accuracy of the simplified measure, it re-
duces potential obstacles to producing the measure at an early
date. The procedure is also meant to be relatively robust to
structural change in the economy. A carefully tuned proce-
dure might make better estimates for the 1990s data series
than this one, but it might also be more sensitive to unex-
pected economic changes in the future.’

There is a tradeoff between meeting these goals of sim-
plicity, transparency, and robustness and the natural goal of
reducing the discrepancy between the preliminary statistic and
the full-method statistic. BLS expects to evaluate this meth-
odology when there is a longer data series of simplified and
full measure statistics with which to work.® The accuracy of
the simplified measure should improve with experience.

The purpose of this article is to describe the simplified
method and the evaluation of its reliability. The article first
reviews the estimation procedure for each component of mul-
tifactor productivity, providing summary statistics on the reli-
ability of each estimate. After summarizing the simplified
method and results for output, labor input, and eight compo-
nents of capital, the article discusses the assembly of these
estimates into the simplified measure of multifactor produc-
tivity. Contributions of errors in each component to this mea-
sure are discussed, and it is noted that these errors often off-
set. The resulting simplified multifactor productivity mea-
sure is fairly reliable. This article also reports and evaluates
simplified estimates of productivity prepared for the second
year ahead of the last year for which full model estimates are
available. These “second-year” estimates are denoted MFP*2.
The latest published BLS measures of multifactor productivity
are for the year 2002. Finally, this article presents prelimi-
nary estimates of multifactor productivity for 2003 and 2004
using the simplified methodologies.

The methodology is tested using annual data for each year
since 1993. The simplified measures are estimated for each
year, extrapolating from the previous year’s full estimation. To
evaluate the usefulness of this approximation, the simplified
estimate for each year t, denoted MFPS,, is compared with the
most recently published full measure for that same year, MFPF,.

The evaluations in this article use the most recently avail-
able data for the full model, and therefore examine how well
the simplified methodology replicates the full methodology
for a given version of the data. In practice, when the BLS
revises its simplified estimate to obtain a full estimate, the
revision will reflect both the difference in methodologies and
also any concurrent revisions to the underlying source data
that will become available.”
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Estimating output and labor inputs

Background. The BLS private business multifactor produc-
tivity measures compare output to the combined inputs of la-
bor and capital. The output measures used by BLS are derived
from gross domestic product (GDP) and other data from the
National Income and Product Accounts (N1PA) for BLS by the
Bureau of Economic Analysis (BEA). The NIPA measures of
“final product” exclude the value of intermediate inputs like
the leather used to make shoes, and these output measures are
appropriately compared to labor and capital inputs.?

Productivity measures are meaningful only if outputs and
inputs are measured independently. The NIPAmeasures of real
output for general government, nonprofit institutions, private
households and owner-occupied dwellings are excluded from
published productivity measures in part because they depend
on input measures to derive estimates of real output.®

BLS publishes measures of labor productivity (output
per hour worked) for the business sector on a quarterly
and annual basis in its Productivity and Costs (P&C) news

releases.'® BLS publishes annual measures of multifactor
productivity for the private business sector. The private
business sector differs only slightly from the business sec-
tor in that it excludes the BEA estimate of the output of
government enterprises. Government enterprises include
the U.S. Postal Service and local government water and
sewage services among other activities.'* The private busi-
ness sector accounts for about three-quarters of U.S. Gross
Domestic Product.*?

The simplified method of measuring multifactor produc-
tivity estimates output growth and labor hours growth by ap-
plying the growth rates of output and hours in the business
sector—from the published P&C measures—to the previous
year’s measures for the private business sector. The data for
the simplified estimate are available soon after the conclu-
sion of each year.

Next, we describe the simplified approach and character-
ize how well the simplified estimate of each variable approxi-
mates the full computation. Exhibit 1 summarizes the inputs
to the simplified multifactor productivity calculation.

m Components of simplified MFP calculation

Component of multifactor
productivity (MFP) calculation

Sources and methods

Structures and equipment investment (each of six categories)

Depreciation rates on existing capital assets

Structures and equipment productive capital stocks

Inventory capital stock

Land capital stock

Income shares of capital categories

Capital service inputs

Labor hours

Labor composition

Labor share

Output in private business

Apply growth rates of new investment from NiPAtables listed in
exhibit A-1 in the appendix to BLS private business sector
investment level from the previous year’s “full-mFP” report

Hold constant the depreciation rates in the most recent full-mrp
report

By perpetual inventory method; deduct estimated depreciation
of the previous year’s stock of each asset type and then add new
investment

The previous year’s stock in the full-mrp report is extrapolated
with the percentage change in the NIPA inventory series for the
business sector (see exhibit A-1 in the appendix)

Extrapolated using the structures capital stock

Detailed asset shares from the previous year’s full-mFp report
are aggregated into these eight categories and assumed constant

Chain index combining stocks of the eight categories of
equipment, structures, inventories and land, weighted by capital-
income shares

Extrapolated from hours in the Productivity and Costs (P&C)
news release

Computed from previous year’s wage coefficients and current
year hours from the Current Population Survey

Previous year’s full-mrp labor share is adjusted for change in
labor share in P&C

Extrapolated from output measure in P&C
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Procedures for estimating each component are discussed
below. For each component, table 1 presents estimates cor-
responding to the full and simplified methodologies and the
gap between these estimates, expressed by the average abso-
lute value of the difference in the growth rates of the vari-
ables calculated from the full and simplified approaches.
Errors in capital and labor figures are measured in growth
rates because these are the form relevant to multifactor pro-
ductivity calculation. The errors in growth rates are the ones
directly relevant to the this calculation, because multifactor
productivity is defined to be the difference between the
growth rates of output and of inputs. Errors in levels are
shown in table A-1 in the appendix.

Output. The simplified estimate of output, Y5, comes from
the following computation. From the previous year’s full
multifactor productivity measures, we obtain the private busi-
ness sector output level inyear t-1, Y7 . From BLS’s Produc-
tivity and Costs (P&C) news releases, we obtain the percent-
age change in business sector output from year t-1 to year t.
We make the assumption that the slightly smaller private busi-
ness sector grew by the same percentage. This gives us an
estimate of private business sector output in yeart. On aver-
age, this assumption is reasonable because the two sectors

cover nearly identical portions of the economy, although there
are fluctuations in accuracy attributable to the use of pre-
liminary data and the difference in scope. Over the 1993—
2002 period, when output growth averaged 3.8 percent per
year, the absolute value of the difference between annual
growth rates of output (that is, |Y"- Y°| /Y ) averaged 0.05
percent.

Labor inputs. The simplified measure of hours worked, H®,
comes from applying the percent change in hours worked in
the business sector from the P&C report to the measure of
private business hours in the previous year’s multifactor pro-
ductivity report, H” ;. The hours measure is based mainly on
the BLS Current Establishment Survey, but is supplemented
by information from the Current Population Survey (cps). On
average, the simplified estimate of the growth rate of hours
worked differs from the full estimates in the most recent mul-
tifactor productivity data, H", by 0.04 percent.

For the labor composition measure in the full methodol-
ogy, the hours worked measure is adjusted for changes in the
composition of the workforce. Rather than simply adding up
hours worked, labor composition input is derived by aggre-
gating the hours for groups of workers after weighting the
hours of each group by shares in total compensation.’* The

i[]o][-3 Ml Differences in growth rates of MFP components between the simplified and full methodologies
[in percent]
) . N ) . Average
Estimated component (capital | Full model annual Simplified model | Average discrepancy | Annual change in discrepancy
stock, labor input, change, average annual change, in annual change second year, in second-year
output, or MFp) (1993-2002) average between models average (1994-2002) change
Capital Services .........ccoeeeevueennnen. 4.38 4.30 0.28 4.1 0.46
Structures stock ... 1.74 1.76 .09 1.9 12
Computer stock ... 30.4 29.9 3.4 31.8 5.3
Software Stock ...........ccccccvreenne 13.6 13.2 3.1 13.9 24
Other information
technology stock .................. 7.2 7.0 71 7.7 4
All non-information technology
equipment stock .................. 3.2 3.2 .39 3.5 .5
Rental residence stock ............. 1.1 11 23 1.3 4
Inventory stock 3.8 3.9 34 4.0 4
Land StocK.........ccoooveiiiiiiins .6 .5 13 .6 25
Labor services ..o 2.0 1.6 24 1.8 24
Labor hours .......... 1.8 1.8 04 1.6 07
Labor composition 5 4 23 4 25
OUEPUL .o 3.8 4.0 05 3.9 05
MFP change ..........ccocceoviiciinnnne .96 .87 .22 1.07 .19
Note: “Discrepancy” means absolute value of differences in growth rates, expressed in percentages, from the previous year to the target year.
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groups are classified into about 1,000 types based on their
education, experience, and gender. The labor composition
index is the ratio of the labor input measure to the simple
hours worked measure. The labor composition index reflects
the effects on productivity of changes in the education and
experience of the workforce.

In the full methodology, the labor composition measure is
constructed from data from the March Supplement to the cps.
Hours worked for each group are obtained from the survey
data. The relationship between wage levels and education
and work experience is estimated by a linear regression, from
which it is possible to estimate wages for each group.* Then
the shares of all labor income received by each group are es-
timated. Each group’s income is its hours worked multiplied
by its estimated wages. These shares are used to construct the
measure of labor composition, which is a Torngvist chain in-
dex of the groups.’® After excluding the effects of hours
growth, on average the labor composition index rose by 0.4
percent annually between 1973 and 2001 as the working popu-
lation became more educated and more experienced.

A simplified estimate of the labor composition index is de-
veloped here. An estimate of the distribution of hours worked,
by education, work experience and gender, is constructed from
the cps for the middle month of each quarter of the target year.
The information used to measure the work experience of each
group of workers is also less complete than in the full method.
Itrelies in part on more complete information from the previous
year. Furthermore, in the simplified method, measures of hourly
wages for each education-experience group are drawn from the
previous year. Provided that the relative wages for each group
have not changed substantially, these wage rates should provide
a strong basis for constructing income share weights for each
subgroup of the workforce. Shifts in hourly wage rates contrib-
ute to labor composition growth over long periods of time, but
historically account for little of the year-to-year change in labor
composition. Once hours and wage rates are estimated, a
Tornqvist index of a simplified labor composition index is cal-
culated. Again, subtracting hours growth, the average absolute
value of the difference between the simplified and full estimates
of labor composition from 1993-2002 is 0.25 percent.

The labor input figure for the multifactor productivity cal-
culation is then the labor composition index multiplied by
hours worked. On average from 1994 to 2002, the simplified
aggregate labor input growth differs from the full procedure
by an average absolute value of 0.24 percent.

Because labor represents two-thirds of the input costs, this
difference by itself would lead to approximately a 0.16-per-
cent difference between the multifactor productivity estimated
by the simplified method and the full method—although in
some years, errors in other components (capital, labor share,
or output) may be in the opposite direction, and therefore off-
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setting in their effects of the multifactor productivity mea-
sure. Overall, roughly half of the discrepancy between the
full model and simplified model multifactor productivity mea-
sures comes from variation in labor composition. The other
half comes from capital estimation.

Measures of capital inputs

Background. The BLS multifactor productivity measures re-
flect the contributions of growth in capital service inputs, as
well as labor inputs. The full procedures used to estimate
capital are complex. Before describing the simplified proce-
dures used to measure capital, it is helpful first to summarize
how capital inputs are measured in the full procedure.

Capital includes fixed reproducible business assets (equip-
ment and structures), inventories, and land. The BLS capital
input concept is designed to reflect the flow of services from
these assets. These capital services measures are constructed
through three stages of aggregation, two of which are reflected
in the simplified methodology. The first stage involves vin-
tage aggregation, where past investments in each of 74 types
of asset are deflated, weighted and added together, resulting
in productive capital stocks. This procedure is sometimes
called the perpetual inventory method (Pim). In addition, capi-
tal stocks are measured, by methods other than pim, for three
types of inventories and for land, completing a set of 78 cat-
egories of assets. The second stage combines stocks for the
78 types of assets, using estimates of implicit rental prices to
form an index of capital inputs, and the third stage involves
aggregation of capital inputs across a set of industries. In the
full methodology, the first two stages are repeated for each of
57 detailed industries.*

The PIM is designed to adjust older capital goods for dete-
rioration and obsolescence that reduce their productivity. The
BLS specification of the PIM assumes that investments only
slowly lose their effectiveness, like cars and light bulbs do.
In the full methodology, we assume that the productivity of
equipment declines as a function of lifetime (L), age (7), and
that the fraction

L-7
L-.57
of the investment remains productive.’® Similarly, structures

are assumed to remain productive according to the slower-
moving fraction

L-7
L-.757

The parameters of the efficiency formula (average service life
and shape) represent the effects of obsolescence and deterio-



ration of past investments. BLS has made efforts to fit them to
evidence on declining equipment productivity. Chart 1 shows
how an investment in structures with a 10-year life span would
decline in productivity according to this relationship:

The simplified calculation groups the 78 asset types into
the following 8 asset classes:

Structures

Computers and peripherals

Software

Communication and other information technology

Equipment other than the three information technology
categories

Rental residences

Inventories

Land

For the first six of these categories, we calculate a productive
capital stock by applying the PiM to data on investment pub-
lished by the BEA during February following the target year.
Exhibit A-1 in the appendix specifies the tables from which we
have drawn source data. Investment by nonprofit institutions is
included in the data that are available early, whereas the full-

method multifactor productivity estimates exclude this. How-
ever, for most of the six categories, movements in the two in-
vestment series track one another closely. So the simplified
method uses the percentage changes of the series that are avail-
able early to extrapolate the previous year’s level of investment
in each category. This provides an estimate of the level of in-
vestment in the target year. Then an estimate of the productive
capital stock of that asset type is constructed as the sum of the
new investment and of prior investments (weighted by remain-
ing efficiency). Efficiency is assumed to decay at a rate derived
from the full method for the previous year.

Productive stocks of inventories and land are estimated
without using a PIM calculation in both the simplified and full
methods. However, the simplified estimates are constructed
using different sources and simpler methods, which we will
discuss below. Once stocks are prepared for each of the eight
categories, the simplified procedure assigns cost shares to
each and the eight are aggregated into a unified measure of
capital service inputs. Category cost shares in the target year
are assumed to be unchanged from the cost shares in the pre-
vious year, available from the full calculation.®

Below we discuss the construction of each of the eight capi-
tal input components and assess the difference between the

& LB Assumed decline in productivity of an investment over time

Remaining effective investment
(in percent)

Remaining effective investment
(in percent)

120

100 —

80 —

40 —

20 —

120

Age of structures investment (in years)
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simplified procedure and the full procedure in each recent
year. The comparison is made using data available at the end
of March 2005.% Early estimates for future years will have
only preliminary information (for example, on investment) so
subsequent revisions would reflect the incorporation of final
data as well as the more complete methodology.

In a later section, we list the components used to generate
the major sector multifactor productivity estimates as pub-
lished by the BLS and the components estimated by this pro-
cedure that uses data of the kind available shortly after the
end of each target year. Details on the capital stock errors are
shown in table 1 and table A-1 in the appendix.

Structures. An early estimate of business investment in struc-
tures is published by the BEA in February of the year follow-
ing the target year. This estimate includes nonprofits, whereas
multifactor productivity calculations exclude them. For the
target year t, the simplified procedure adjusts the investment
figure from the full multifactor productivity calculation in year
t-1 using the movement in BEA’s early estimate. Because struc-
tures investment is stable from year to year, this estimate for
investment is reasonable. Over the 1993-2002 period this
method produces, on average, a 1.8-percent discrepancy in
the estimate of the percentage change of annual investment
into structures compared to the later full estimate.

The next step in converting investment figures to a capital
stock requires two procedures. First, we apply a deteriora-
tion rate to the productive capital stock existing the previous
year, year t-1. The deterioration rate for the simplified mea-
sure is based on the average deterioration rate for the asset
class. We apply the last known rate to the stock in year t-1, to
produce an estimate of the remaining stock of used assets in
year t. Second, we add the estimated new investment to get
an estimate for structures in the private business sector in year
t. Because deterioration of structures is slow, this produces
accurate estimates for the stock of structures. Over the 1993—
2002 period, the absolute value of the difference between the
growth rate of the stock of structures measure by the two meth-
ods averaged 0.09 percent.

The calculations for the other asset categories are analo-
gous where possible, though they are less accurate than the
structures estimate. Equipment deteriorates more quickly than
structures, so differences in recent investment estimates have
a greater effect on the total capital stocks for equipment than
for structures.

Equipment. We separate information processing equipment
and software from other categories of equipment. This im-
proves our estimate of multifactor productivity because high-
tech investment grew so much in the 1990s and has such a
high rate of obsolescence. As in Oliner and Sichel’s work,
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three categories of information processing investment are dis-
tinguished: computers and peripherals; software; and com-
munications and other information technology equipment. All
other equipment, taken together, makes up the fourth equip-
ment category.

For each of the equipment categories, investment estimates
are calculated as they are for structures. Capital stocks are
constructed in the same way as for structures. Capital stocks
are reasonably well estimated for two of the categories but
poorly estimated for computers and software. Because com-
puter investment was booming and volatile with short life
cycles and quickly evolving applications, our simple linear
projections were not very close to the full measure in these
categories. Much of this discrepancy is attributable to the
differences between the early estimate of investment in com-
puters and the later full estimate, an average absolute differ-
ence of 13.9 percent, as shown in table A-1 in the appendix.
Another, smaller part of the discrepancy of 2.6 percent be-
tween the simplified and full estimates of the productive stock
of computers is attributable to the depreciation rate that is
inferred on previous computer stocks, which fluctuated widely
in the 1990s and which was therefore not well estimated by
the simplified procedure. These differences contribute sub-
stantially to the discrepancy in the final simplified measure of
multifactor productivity.

Rental residences. Investment figures for this category are
not available early enough after the target year to be used in
the simplified calculation. The simplified estimates simply
assume investment was the same in year t as it was in year t-1.
This estimate for investment is not very accurate, but new
investment is small compared to the existing housing capital
stock, so the absolute discrepancy between the two measures
of the growth rates of the stock averages only 0.2 percent.

Inventories. The full MFp calculation defines inventory capi-
tal for each industry to be a weighted average of the values of
private business inventory stocks in recent quarters. BEA’S
aggregate inventory investment figures for the whole busi-
ness sector taken together are available soon after the target
year ends, and percentage changes from the previous year rep-
licate the aggregate inventory stock in the full model well.

Land. In the full calculations, land stocks are not calculated
as an accumulation of past investments. Rather, nonfarm land
stock is assumed to have one of three fixed proportions to the
structures stocks depending on whether the land is used for
residential structures, manufacturing structures, or other struc-
tures. The simplified calculation uses the overall ratio of the
official capital stock of land to that of structures from year t-
1, and applies this ratio again to the estimated value of struc-



tures in year t, which was estimated previously. This gives
estimates of the growth rates of the productive stock of land
that differ from the full estimates by 1.3 percent on average.
The discrepancy is largely attributable to farmland, which in
the full estimation is measured with data from the U.S. De-
partment of Agriculture. Inour simplified calculations, farm-
land is in effect estimated from farm structures.

Capital services. Having computed simplified estimates of
each type of productive capital stock, we proceed to estimate
aggregate capital services provided in the target year. We
assume that capital services are proportional to the produc-
tive stocks for each of the eight types of assets.?! The produc-
tive stocks are combined into a measure of combined capital
services inputs using implicit rental prices to determine
weights for each type of capital. BLS uses BEA’s measures of
property income and allocates a portion of this income to each
type of asset. The resulting capital income shares do not vary
much from year to year. To estimate the simplified measure
of combined capital service inputs for year t, these asset shares
are taken to be the same as in year t-1.

Shares for categories of capital inputs and for labor input.
Capital income is apportioned to various asset types by as-
suming the same distribution as in the previous year’s full
multifactor productivity estimation. For capital types aside
from equipment, this introduces only small errors, but the
computer and software categories grew a lot. Details of this
are in tables 1 and 2.

On average, rental residences accounted for 10 percent of
capital income over the 1993-2002 period; inventories ac-
counted for 7 percent; and land, 11 percent. Structures ac-
counted for a declining share, averaging about 28 percent.
Equipment of all kinds together rose from about 42 percent to
49 percent, because of growth in computer and software in-
vestment in this period.

Capital and labor inputs are then combined using a
Torngvist index formula to create a single index of combined
inputs. The capital and labor shares are estimated from
changes in the corresponding figures from the BLS Productiv-
ity and Cost measures. In the full calculation, labor’s share
was in the 66-69 percent range. The absolute values of dis-
crepancies from the fully-estimated figure in the simplified
estimates of this share average 0.76 percent.

Estimates of multifactor productivity

All of the components discussed above are combined to make
a simplified multifactor productivity estimate. The focus of
this article is to assess the accuracy of the simplified method.
During the 1993-2002 test period, the average of the abso-
lute values of the annual errors between the percentage
change in the preliminary (first year ahead) estimate and the
published multifactor productivity was 0.22 percent. Table
2 presents an analysis of how much each component contrib-
uted to that error. Output errors contribute directly to multi-
factor productivity error, and input errors for specific input
components can contribute in proportion to their weights in
total input. In the final column of table 2, the input catego-

i[clJ-WMll Approximate magnitudes of error, by source, for 1993-2002

[in percent]
Components Rangg °f. share
of capital income
m @3]
Capital services (31.5 to 34 percent
of inputs):
SHIUCLUIES ..o 25.31030.3
Computers.... 3.6t06.1
SOftWAIE ..o 441t07.6
Other information and communications
technology ...ccveeeveeiieiiieeeeeee 8.3109.3
Other equipment ....... 25.0t0 27.9
Rental residences 9.2t010.4
Inventories.............. 5.6t08.4
Land ..o 9.6 t0 11.5
Labor services (66 to 68.5 percent
of inputs):
Hours worked ...........cccoveeeiiiiiiciiices All
Labor composition . All
OULPUL e All
TOtAl oo
Net effect 0N MFP ..o

Average absolute error in Approximate absolute error
growth estimate, from table 1 induced into MFP
3 Product of averages of
M, (2, and (3)
0.09 0.01
34 .06
3.1 .06
71 .02
.39 .03
.23 .01
.34 .01
1.3 .05
.04 .03
.23 .15
.05 .05
A7
22
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ries have been multiplied by their average cost share weights
during the test period to assess their potential contribution to
measurement error in multifactor productivity. For example,
the growth of computer stock was estimated with an average
absolute error of 3.4 percent, but their input cost share was
small, averaging about 1.7 percent of the value of all labor
and capital inputs. We estimate they contribute only 0.06
percent to the multifactor productivity error. Not all sources
of error can be identified in this share-weighted framework.
Asset shares are assumed to be the same in year tas in year t-
1, and this is a source of some of the discrepancy between
the simplified and full measures, especially for computers
and software. However, in assembling the components into
a multifactor productivity measure, the error contributions
of the capital categories, of labor, and of output often offset.
As a result, the total component contribution, of about 0.47
percent for the period, was reflected in a multifactor produc-
tivity error of only 0.22 percent.

Table 3 presents annual time series for the simplified (col-
umns 1) and full (column 2) estimates of multifactor produc-
tivity for recent years. The trends in these measures, pre-
sented near the bottom of the columns, are very similar. An-
nual errors (differences) in the simplified measure are pre-
sented in column 3. Because some errors are positive and

some negative, the average of this column is very small: -
0.09 percent. However, this represents only the difference in
trends. To assess the effectiveness of the simplified method,
we averaged the absolute values of column 3. That figure
was 0.22 percent, as we mentioned earlier. Table 3 also pre-
sents the second-year-ahead estimates, MFP*, (column 4).
These were constructed by applying the simplified methodol-
ogy for two consecutive years. The data presented are growth
rates of multifactor productivity for the second year. The sec-
ond-year simplified estimates (column 4) are compared to the
published measures (column 2) in column 5. The average
absolute error, during 1994-2002, for the second year esti-
mates was 0.19 percent. By comparison, the average of pub-
lished multifactor productivity growth rates is 0.96 percent,
and they fluctuate substantially from one year to the next. The
simplified estimates may serve as fairly reliable preliminary
numbers. The accuracy of the second year estimates is com-
parable to that of first-year estimates, reflecting the stability
of input shares and the similarity of the data used to estimate
growth rates. While the simplified method can provide rea-
sonable measures for a few years, it is not capable of replac-
ing the full method. The simplified model draws heavily on
the most recent full model for data on rental prices, cost shares,
and deterioration rates. These values gradually change over

I [o]o] XMl Multifactor productivity (Mrp) change estimates by simplified and full procedures

[In percent]
Discrepancy of 1- | Simplified estimate Discrepancy Best estimate of
year simplified of MFP change 2nd | between simplified| the MFP series,
Year Simplified estimate Full MFP change estimate from full year after last full | 2nd-year and full | based on (1), (2),
of MFP change (MFP%) estimate (MFPF) estimate (1)-(2) model, MFps2 estimates (4)-(2) or (4)

m (2) ) 4) [€)) 6)
0.16 0.40 -0.24 0.4
.96 1.00 -.04 1.23 -0.23 1.0
-.58 -.20 -.38 —.68 .48 -2
1.46 1.70 -.24 1.94 -.24 1.7
.84 0.90 —-.06 1.18 -.28 0.9
1.18 1.10 .08 1.40 -.30 1.1
1.11 1.30 -.19 1.30 0.00 1.3
1.18 1.40 -.22 1.42 -.02 1.4
-.08 .10 -.18 -.05 .15 0.1
2.43 1.90 .53 1.90 0.00 1.9
3.10 3.15 3.1
3.29 3.3

.87 .96 -.09 1.07 —-.05

(1993-2002) (1993-2002) (1993-2002) (1994-2002) (1994-2002)
Mean absolute
error: .......... .22 .19
(1993-2002) (1994-2002)
Note: Figures reflect percent changes from previous year's private business sector MFP.
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(e,Te]s B Productivity measures
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time, and so the simplified model will tend to become inaccu-
rate unless data from the full model are available for a recent
year.

Table 3 also includes a series providing our best current esti-
mate of a multifactor productivity time series (column 6). This
column is the published full multifactor productivity measure
(column 2) for 1993-2002, but then reflects the simplified esti-
mate for 2003 (column 1), and the simplified estimate for the
second year ahead for 2004 (column 4). Private business multi-
factor productivity grew 3.1 percent in 2003, and 3.3 percent in
2004. The last time this published series grew by more than 3
percent was in 1976. Rapid private business multifactor pro-
ductivity growth in these recent years occurred at a time of high
business sector labor productivity growth rates of 4.5 percent in
2003 and 4.0 percent in 2004—reported in the BLS Productivity
and Costs news release. Capital growth and labor composition
account for the difference between trends in labor productivity
and multifactor productivity. The labor composition index grew
0.6 percent in 2003 and 0.2 percent in 2004, compared with a
trend of 0.4 percent during the previous 10 years. Inboth 2003
and 2004, capital inputs grew 2.6 percent, less than their aver-
age of 4.5 percent per year during the previous 10 years.

The annual rates of change in the full and simplified esti-
mates are graphed in chart 2 along with growth in labor pro-

ductivity. While there are noticeable differences between the
simplified and full estimates, the movements are very similar.
BLS presents multifactor productivity measures in the context
of a framework that explains changes in labor productivity.
Aside from multifactor productivity, labor productivity
growth reflects the contributions of capital and of labor com-
position. In chart 2, the simplified multifactor productivity
measures account for about the same fraction of labor pro-
ductivity growth as do the full measures.

Conclusion. The simplified method uses preliminary infor-
mation to estimate the components of multifactor productiv-
ity. The method is relatively transparent and avoids any kind
of model that fits the 1990s but might not apply in the future.
Based on the span of years for which we made the compari-
son, the largest sources of the discrepancy between this mul-
tifactor productivity estimate and the full measure come from
differences in estimates of information technology capital and
labor composition.

In the future, BLS expects to makes these simplified method
multifactor productivity measures available before the results
from the full methodology can be ready. The results of the
full methodology can be published as revisions to the pre-
liminary statistics. |
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! Robert Solow, “Technical Change and the Aggregate Production Function,”
The Review of Economics and Statistics, August 1957, pp. 312-20.

2The target year is sometimes called the reference year. Changes are measured
between the target year and the previous year. Inthis study the present year is never
measured, only past years.

3 Most of the data items are obtained shortly after the year is over from the
National Income and Product Accounts (NIPA) published by the Bureau of Eco-
nomic Analysis (BEA), and from BLS labor data sources. The MFP calculation also
requires information on investment expenditures and property income at the in-
dustry level from BEA and this takes longer to produce and obtain.

4 Their measures were reported by Oliner, Stephen D. and Daniel E. Sichel,
“The Resurgence of Growth in the Late 1990s: Is Information Technology the
Story?” Journal of Economic Perspectives, Fall 2000, pp. 3-22. Our measure is
similar, with less detail on equipment and structures than their 60 asset categories,
but adding measures of inventories and land. The authors are indebted to Dan
Sichel, who kindly discussed this work with us and who also provided valuable
comments on an earlier draft of this article.

5 For example, in the 1990s, computer purchases rose dramatically as a fraction
of all business investment. If particular categories of investment continue to grow
rapidly, more accurate estimates would take recent trends into account. Instead,
the calculation simply used the asset shares from the most recent year for which full
calculation is available.

5 For example, the calculation could incorporate empirically observed relation-
ships between the state of the business cycle and components of the calculation
(such as the labor force composition and the shares of durable goods in investment)
to make slightly more accurate estimates.

7 Revisions to the underlying data can be substantial. Edge, Laubach, and
Williams (2004) discuss the significance of using real time data in evolving expec-
tations about productivity trends; see Edge, Rochelle M., Thomas Laubach, and
John C. Williams, “Learning and Shifts in Long-Run Productivity Growth,” Work-
ing Paper No. 2004-04 (San Francisco, Federal Reserve Board of San Francisco,
2004). Orphanides (2001) demonstrates that monetary policy can look meaning-
fully different in retrospect when considered in the context of the economic data
actually available to policymakers, not the best measures later available. (See
Orphanides, Athanasios, “Monetary Policy Rules Based on Real-Time Data,” The
American Economic Review, Sept. 2001, pp. 964-85.) Though we recognize the
issue, this study does not measure how much this would have affected preliminary
MFP measures in recent years.

8 Gullickson and Harper (1999) discussed why this is the appropriate concept
of output to compare to capital and labor inputs at the aggregate level. See William
Gullickson and Michael J. Harper, “Possible Measurement Bias in Aggregate Pro-
ductivity Growth,” Monthly Labor Review, February 1999, pp. 47-67.

9 Output from these sectors is included in GDP, but the estimates for the value of
output are largely based on inputs or input costs and assumptions about their pro-
ductivity change. If these sectors were included in aggregate productivity mea-
sures, the assumptions about their productivity would affect the measure.

0These are available on the Internet at http:/iww.bls.gov/schedule/archives/
prod_nr.htm.

1 Government enterprises are those activities of government that bring in ap-
proximately enough revenue to cover their variable costs. They generate approxi-
mately 1.3 percent of GDP. Government enterprises are excluded from MFP be-
cause of difficulties in estimating an income share for capital. Government enter-
prise capital is often heavily subsidized. Revenues often are sufficient to cover
operating costs but insufficient to repay capital costs.

2 1n recent years, nonprofits and households produced 11.5 percent of GDP,
general government 11.3 percent, and government enterprises 1.3 percent. Sources
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for those approximations are BEA’s online NIPA Table 1.3.5 on the Internet at http:/
/www.bea.gov/bea/dn/nipaweb and “Value Added by Industry in Current Dol-
lars as a Percentage of Gross Domestic Product” table in the Industry Economic
Accounts available on the Internet at http://www.bea.gov/bea/industry/
gpotables/gpo_action.cfm?anon=619&table_id=2921&format_type=0; (vis-
ited June 2004).

BLS also publishes multifactor productivity growth estimates for subsets of
private business, such as the following: private business excluding farms; manu-
facturing; durable manufacturing; nondurable manufacturing; and for selected in-
dustries. There are also “KLEMS” multifactor productivity growth that take more
inputs into account: capital, labor, materials, energy, and purchased business ser-
vices. Access to these estimates is available on the Internet at http://mww.bls.gov/
mfp/. Thisarticle does not consider preliminary estimates for these other statistics.

31n theory, firms competing for workers and trying to make profits will mini-
mize costs by paying each type of worker a wage that equals the worker’s “mar-
ginal product” or labor productivity.

1 Other researchers, such as Jorgenson, Gollop and Fraumeni (1987) have
used hourly wages directly instead of inferring them from a wage regression. See
Jorgenson, Dale, Frank Gollop, and Barbara Fraumeni, Productivity and U.S. Eco-
nomic Growth (Harvard University Press, 1987).

15 A chain index is a time series assembled by adjusting successive year’s obser-
vations by growth rates. The Torngvist growth rate is an aggregate of growth rates
of the hours worked by each group, weighted by their average shares in labor costs
in successive years. For more on the index, see http://www.bls.gov/mfp/
mprlabor.pdf and Labor Composition and U.S. Productivity Growth, 1948-90,
Bulletin 2426 (Bureau of Labor Statistics, Dec. 1993).

16 The full methodology also treats investments by corporations differently than
other investments. For further information on the construction of the capital stock
for the multifactor calculation, see Handbook of Methods, Bulletin 2490 (Bureau
of Labor Statistics, April 1997), p. 107; see also Harper, Michael J., “Estimating
Capital Inputs for Productivity Measurement: An Overview of U.S. Concepts and
Methods,” International Statistical Review \Vol. 67, 1999, pp. 327-37.

17 Service lives of individual assets are assumed to have a normal distribution
that is truncated at age zero and at twice the average service life. The average
service lifetimes used in this calculation are consistent with the depreciation rates
that BEA uses when estimating the net national product. In some cases, the service
lifetime changes over calendar time.

18 The relationship of the productivity of a capital investment to its age and
lifespan represented by these equations are sometimes called efficiency schedules.
These particular efficiency schedules are hyperbolic functions of age.

% In the full methodology, asset-type cost shares are determined by allocating
NIPA property income (the difference between revenues and labor cost) to the as-
sets, under the assumption each asset type earns the same rate of return. Property
income data comes from the BEA’s GPO (Gross Product Originating) reports. The
stock of each type, and structural rental price formulas for each type are used. For
further details see Trends in Multifactor Productivity, Bulletin 2178 (Bureau of
Labor Statistics, Sept. 1983), especially pp. 49-50.

2 |n the comparison of the full method to the simplified method over a series of
years, the investment data are drawn in slightly different categories from the ones
used at the time. First, investment amounts for all years are taken in year 2000
dollars, based on chained-dollar adjustments between years which vary by the kind
of investment good. Second, they are drawn in from NAICS (North American
Industrial Classification System) category data whereas the figures historically used
for the MFP calculation had been in SIC (Standard Industrial Classification) catego-
ries. Third, investments for all years are also taken as restated by the BEA’s Decem-
ber 2003 comprehensive revisions. These changes introduce small differences
between the multifactor productivity estimated by what is called the full methodol-
ogy here and the multifactor productivity figures the BLS published for those years.

2 In the full procedure, the capital services from each of the eight compo-
nents has been constructed from finer subcomponents. Our simplified proce-
dure overlooks some composition effects that emerge from working with the
greater detail. It might be possible to improve our simplified procedure by
trying to estimate these composition effects within the components. We have
not done so for these estimates.



Arpenpix: Sources of data and average discrepancies in levels of investment and capital stocks

DG F-SIM Data sources for investment in the simplified multifactor productivity (Mrp) calculation

Component of mrp calculation Source for investment data
Structures iNVestMent ...........occevvveieniiinenenn Tables 5.4.6A and 5.4.6B

Computers investment .........cc.ccoveeveierenenenn. Table 5.3.5 (deflated by price index privately sent from BEA)
Inventories StoCK .......cccovevvevecicieccccce s Tables 5.7.6A and 5.7.6B

SOFtWANE ..o Table 5.3.6 or Table 5.5.6

Other information processing equipment....... Table 5.3.6

Residential Structures ...........ccovveeriiicirennns Table 5.3.6

Other equUIPMeNt........ccooevivereirccee e Line 16 of Table 5.3.6

Land stock Imputed from structures as discussed in text

NOTE: Investment data come from tables from the Bureau of Economic Analysis, available on the Internet at http://www.bea.gov/dn/nipaweb/. Figures inyear-2000
dollars are used in the simplified MFP calculation. Where possible, data without seasonal adjustments are used.

[in percent]

I[[ICW-CA M Differences in levels between simplified and full methods

Measured component of multifactor
productivity (MFP)

Average discrepancy
between full and
simplified estimates,

Average discrepancy between
full and 2-year simplified
estimates, 1994-2002

1993-2002 (cumulative, in levels)

SErUCLUIES INVESTMENT ..ot 1.8 2.2

Productive stock of structures ...... 1 2
Computers and peripherals investment 13.9 24.1
Productive stock 2.6 3.9
Software investment . 1.0 1.1

Productive stock 2.7 5.1
Communications and other IT equipment investment .. 1.8 1.9

Productive StOCK .........cccoirieiiiiiiiciiccs e 7 1.0
Other equipment investment 1.0 1.8

Productive stock............... 4 .8
Rental residences investmen 8.6 10.2

Productive stock............... 2 7
Inventories stock .... 3 .6
LN STOCK ..t 1.3 3.8
Labor hours (1994-2002) .04 .07
Labor compensation index .23 .25
Labor input (the above two combined), 1994—2002 ............cccccervrivernnnenne. .24 .24
Share of income paid t0 1abOr ..o .76 .67
Output estimates (Y7, VS. Y5) ..o .06 .10
MFP eStimates (MFPS VS, MFPF) .......ciiiiiiiiiiieie ettt .22 .19

NoTE: MFP discrepancies are annual averages of absolute differences in percentage changes from preceding years.
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