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SURVEY OF CURRENT BUSINESS

The Measurement of Depreciation in the
U.S. National Income and Product Accounts

By Barbara M. Fraumeni

As part of the recent comprehensive revision of the nipa’s,
BEA introduced an improved methodology for calculating de-
preciation. The improved methodology uses empirical evidence
on the prices of used equipment and structures in resale mar-
kets, which has shown that depreciation for most types of assets
approximates a geometric pattern. Previously, the depreci-
ation estimates were derived using straight-line depreciation
and assumed patterns of retirements.

This article describes the theoretical and empirical litera-
ture that supports the new Bea methodology. The author,
a professor of economics at Northeastern University, Boston,
Massachusetts, drafted the article while she was serving as a
consultant to Bea for this project. The views expressed are the
author’s and do not necessarily represent those of Bea.

T HIs ARTICLE describes the basis for the new
depreciation methodology used by the Bu-
reau of Economic Analysis (8ea).! The new Bea
methodology reflects the results of empirical
studies on the prices of used equipment and
structures in resale markets, which have shown
that depreciation for most kinds of equipment
and structures does not follow a straight-line
pattern.  For most assets, empirical studies
on specific assets conclude a geometric pattern
of depreciation is appropriate.> The new BEea
methodology also uses a geometric pattern of
depreciation as the default option when informa-
tion on specific assets is unavailable.’ In either
case, the geometric (constant) rate of deprecia-
tion is determined from empirical studies of used
assets. For some assets (autos, computers, mis-
siles, and nuclear fuel), empirical studies, Bea
data, or technological factors justify the use of
a nongeometric pattern of depreciation by BEAa.
This article reviews the empirical research on de-
preciation, the basis for the improvement in Bea
methodology.

Previous Bea estimates of depreciation were
based on a straight-line pattern for depreciation;
the switch is to a geometric pattern for depre-

1. The improved methodology was summarized in Parker and Triplett
(1995). The new estimates of capital stock were described in Katz and Herman
(1997)-

2. These assets are listed as type A and B assets in table 3.

3. These assets are listed as type C assets in table 3.

ciation for most assets. A straight-line pattern
assumes equal dollar depreciation over the life of
the asset. For example, with straight-line depre-
ciation, depreciation in the first year is equal to
depreciation in the second year, which is equal
to depreciation in the third year, and so on. A
geometric pattern is a specific type of accelerated
pattern. An accelerated pattern assumes higher
dollar depreciation in the early years of an asset’s
service life than in the later years. For exam-
ple, with accelerated depreciation, depreciation
in the first year is greater than that in the sec-
ond year, which is in turn greater than that in
the third year, and so on. In Bea calculations,
in the absence of investment, geometric deprecia-
tion is calculated as a constant fraction of detailed
constant-dollar net stocks.

In most cases, the rates of geometric depreci-
ation are based on the Hulten-Wykoff estimates
(Hulten and Wykoff 1981b). For some assets
(computer equipment and autos), nongeometric
depreciation rates estimated in empirical studies
or from Bea data are used. For a few as-
sets (missiles and nuclear fuel rods), Bea has
retained its prior methodology of deriving esti-
mates of depreciation using straight-line depre-
ciation and Winfrey retirement patterns.* The
original Hulten-Wykoff rates are modified to
reflect service lives currently used by BEa.

The first section of this article briefly describes
the relevant depreciation concepts. The second
section discusses previous Bea methodology and
Hulten-Wykoff methodology in the context of
these depreciation concepts. The empirical re-
search on depreciation is summarized in the third
section. In the fourth section, the new BEa
depreciation rates for all assets except autos, com-
puters, missiles, and nuclear fuel are listed and
their derivation documented. The fifth section
consists of a brief conclusion.

4. Retirement patterns refer to the patterns of assets withdrawn from
service.
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Depreciation Concepts °

Definitions

The value of an asset changes as the result of de-
preciation and revaluation.® Depreciation is the
change in value associated with the aging of an
asset. As an asset ages, its price changes because
it declines in efficiency, or yields fewer productive
services, in the current period and in all future
periods. Depreciation reflects the present value of
all such current and future changes in productive
services.

Revaluation is the change in value or price per
unit that is associated with everything other than
aging. Revaluation includes pure inflation, obso-
lescence, and any other impact on the price of an
asset not associated with aging.

The decomposition of the change in the value
of an asset is illustrated in table 1 for an asset with
price per unit. The price of an asset, Ptime,age,
in time o and the price of an asset in time 1 is
observed. There are two possible sources of the
price change: The first being a change in the price
of an asset because it has aged and the second

5. The sources for this section include papers by Triplett (1992a, 1992b,
1996), by Jorgenson (1989, 1996), by Young and Musgrave (1980), and by Bea
(1993)-

6. BEA and the author of this article differ in their definition of depreci-
ation in national accounts. This will be discussed briefly in the section “Bea
definition.”

Table 1.—Depreciation Versus Revaluation

Represent the price of an asset by (Prime,age)-

A change in the price of an asset at time = 1, (Ptime=1,age=1 — Ptime=o0,age=0):

Schematically, representing the decomposition of the observed price change
(Ptime=1,age=1 — Ptime=0,age=0), in bold and with arrows, and the matrix of price

is equal to

depreciation, (Ptimezo,agezl - Ptimezo,agezo)y

or age effects, holding time constant
plus
revaluation, (Ptimezl,agezl - Ptimezo,agezl)y
or time effects, holding age constant.

changes over time =0,1,...T and age =0, 1,... A, where D is depreciation and
R is revaluation:

AGE

TIME
Ptimezo,agezo Ptime=1,age=o Ptimezz,agezo PtimezT,agezo
!
D
!
Ptime=o,age=1 — R— Ptime=1,age=1 Ptime=z,age=1 Ptime=T,age=1
Ptimezo,agezA Ptime=1,age=A Ptimezz,agezA Ptime=T,age=A

being a change in the price of an asset because it
is a different time period. The decomposition can
be illustrated in the simplest case by reference to
the well-known used-car price book. Prices for 1-
year-old cars of the same make and model in the
1997 book and their prices when new provide an
estimate of depreciation because everything but
age is held constant. Prices for 1-year-old cars of
the same make and model in the 1996 and 1997
price books provide an estimate of revaluation,
because age is held constant while everything else
changes.

Obsolescence is a decrease in the value of an
asset because a new asset is more productive, ef-
ficient, or suitable for production. A new asset
might be more suited for production because it
economizes on an input that has become rela-
tively more expensive. Obsolescence has played a
big part in the debate about the impact of the oil
embargo on productivity.” Other impacts on the
price of an asset include the price effect of any
changes in taxes or interest rates facing business
not anticipated when the asset was new. If depre-
ciation and retirement patterns did not change
over time, revaluation could be estimated from a
used-asset-price book, as described above.

BEA definition

BEA defines depreciation as “the decline in value
due to wear and tear, obsolescence, accidental
damage, and aging” (Katz and Herman 1997,
70), which includes retirements, or discards as
they are frequently called.® Bea includes the de-
struction of privately owned fixed assets that is
associated with natural disasters in depreciation.’
BEA focuses on depreciation as the consumption
of fixed capital or as a cost of production. De-
preciation is viewed as a cost incurred in the
production of gross domestic product (cpr), as a
deduction in the calculation of business income,

7. Martin N. Baily (1981) argues that the rapid increase in energy prices
during the oil embargo rendered certain types of assets obsolete, leading to
a decline in the rate of productivity change. A rebuttal to this argument is
contained in Hulten, Robertson, and Wykoff (1989).

8. Retirements or discards are assets withdrawn from service.

9. The current Bea treatment of natural disasters in part reflects the
absence from the national income and product accounts of an integrated
balance sheet and raises another set of issues that will not be discussed here.

The author wishes to thank Ernst Berndt, Eric Brynjols-
son, Terry Burnham, Madeline Feltus, Michael Harper,
Charles Hulten, Dale Jorgenson, Peter Koumanakos,
Stephen Oliner, Keith Shriver, Kevin Stiroh, and Frank
Wykoff, as well as staff at Bea, for their comments and
assistance on this article.
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and as a partial measure of the value of services
of government fixed assets. Bea’s conceptualiza-
tion of depreciation as such is generally consistent
with the work of Fabricant (1938, 12—14) and
Denison (1957) and the definition of depreciation
in the System of National Accounts (sna).” It is
also consistent with the concept of the consump-
tion of fixed capital in the context of estimates
of sustainable product, or income, where de-
preciation is subtracted from Gpp to derive net
domestic product and net domestic income—a
rough measure of that level of income or con-
sumption that can be maintained while leaving
capital intact.

The essential difference between Bea’s depreci-
ation definition and the definition in this article
is the treatment of obsolescence. Obsolescence
shows up in the national income and product
accounts (ntea’s) in at least two ways. One,
BEA depreciation estimates include obsolescence
through a service-life effect and through the use
of depreciation rates estimated from used-asset
prices unadjusted for the effects of obsolescence.
Assets may be retired early, when they are still
productive, because of obsolescence; this is re-
flected in BeA’s depreciation estimates, as service
lives affect the estimate of the geometric rates of
depreciation used for most assets." Two, obso-
lescence is reflected in the constant-quality prices
that are part of the nipa’s.”” In addition to the
theoretical usefulness of separating the effects of
obsolescence from those associated with the phys-
ical deterioration of an asset, Bea’s use of hedonic
and other quality-adjusted price indexes suggests
an empirical reason why greater attention may
have to be paid to the effects of obsolescence.
In its future work, Bea plans to conduct studies
focusing on quality change and obsolescence.”

10. The s~a defines depreciation as “the decline, during the course of the
accounting period, in the current value of the stock of fixed assets owned and
used by a producer as a result of physical deterioration, normal obsolescence,
or normal accidental damage” (sna 1993, 147, 6.179).

11. See the next section and “Bea default geometric-depreciation rates.”

12. See Oliner (1993, 55) for a discussion of constant-quality prices and
depreciation in the context of a study of mainframe computers. Bea is using
Oliner’s partial depreciation measure, which is consistent with sea’s hedonic
price index for computers.

13. The author of this article and Bea both agree that further work needs
to be done to quantify obsolescence and to identify the impact of obsoles-
cence and quality change on national income accounting measures. Further
consideration of the major issues surrounding the definitional differences de-
scribed above could be one component of future work on obsolescence and
quality change.

Specifics of Bea Methodology and
Hulten-Wykoff Methodology

Specifics of Bea methodology '

As noted, Bea has used a straight-line pattern of
depreciation since the 1950’s. Depreciation is an
equal dollar amount per period over the lifetime
of the asset.

Retirements for a group of assets depended on
the group’s average service life and on the pattern
of retirements (the distribution of retirements
around the mean service life).

Once retirements have begun, the combined
effects of straight-line depreciation and retire-
ments result in a depreciation pattern that is
more accelerated than a straight-line deprecia-
tion pattern. An accelerated depreciation pattern
assumes higher dollar depreciation in the early
years of an asset’s service life than in the later
years.

Mean service lives are estimated from a wide
variety of sources, both government and pri-
vate. In general, information is not available to
provide different mean service lives by industry.
Production-type manufacturing equipment is a
notable exception. Similarly, in general, informa-
tion is not available on changes in mean service
lives over time, if they do occur; aircraft is one
exception to this general rule. When a mean
service life is changed, the new mean service life
is applied only to new assets. There is no effect
on depreciation of existing assets.

A modified S-3 Winfrey curve was used for
most assets to estimate the pattern of actual re-
tirements around the mean; a L-2 Winfrey curve
was used for consumer durables (Winfrey 1967,
Russo and Cowles 1980). The S-3 curve is a bell-
shaped distribution centered on the mean service
life of the asset. It was used for private nonresi-
dential equipment (except autos) and structures,
private residential equipment, and government
residential equipment and structures. The L-2
curve is an asymmetrical distribution with heav-
ier discards before the mean service life. Both sets
of Winfrey curves were modified to reflect differ-
ent assumptions about when retirements begin
and end as a percentage of the mean service life
of the asset.

Expected obsolescence implicitly enters into
BEA estimates of depreciation through shorter as-
set lifetimes and through the retirement pattern
previously used. The mean service life of a class
of assets could be shorter because obsolescence

14. See BEA (1993).
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has occurred consistently over the historical pe-
riod or is reflected in the occasional revision of
mean service lives. In addition, as obsolescence
can result in early retirement, the modified Win-
frey patterns may have been picking up some of
the obsolescence effects.”

BEA adjusts depreciation estimates to capture
the effect of natural disasters that destroy large
amounts of fixed capital.

Specifics of Hulten-Wykoff methodology '°

Initially, Hulten and Wykoff made no assumption
about what form depreciation patterns take. In-
stead, they estimated used-asset age-price profiles
for eight producers’ durable equipment or non-
residential equipment assets, which they called
type A assets, with a Box-Cox model (Box
and Cox 1964).” They tested to see whether
the resulting depreciation patterns most nearly
resembled patterns arising from one-hoss-shay,
straight-line, or geometric efficiency patterns.’

There is a direct correspondence between
efficiency patterns and depreciation patterns.
Present and future declines in efficiency result in
depreciation or declines in the value of an as-
set as it ages. A one-hoss-shay efficiency pattern
assumes that no loss in efficiency occurs until
the asset is retired. The corresponding deprecia-
tion pattern is less accelerated than a straight-line
pattern of depreciation with lower dollar depre-
ciation in the early years of an asset’s service life
than in the later years. A straight-line efficiency
pattern assumes equal declines in efficiency in
each period over the life of the asset. The corre-
sponding depreciation pattern, which has higher
dollar depreciation in the early years of an asset’s
service life than in the later years, is accelerated
relative to a straight-line pattern of depreciation.
A geometric efficiency pattern also gives rise to an
accelerated depreciation pattern. The geometric
pattern is a special case because the efficiency pat-
tern and the depreciation pattern have the same
form, with declines in efficiency and depreciation
occurring at the same rate.

Hulten and Wykoff concluded that depreci-
ation patterns for eight assets are accelerated.
In addition, although all three patterns were

15. Young and Musgrave maintain that expected obsolescence should be
charged when the asset is retired (Young and Musgrave 1980, 34, figure 1.1).
BEA’S methodology does not do this.

16. The information on Hulten-Wykoff methodology is taken from three
sources: Hulten and Wykoff (1981a and 1981b) and Wykoff and Hulten (1979).

17. Age-price profiles map ages of assets with their prices.

18. An efficiency pattern is a pattern describing the productive services
from an asset as it ages. The efficiency of a new asset is typically normalized
to 1.0. As an asset declines in efficiency, its efficiency has a value of less than
one.

rejected statistically, they concluded that the
depreciation pattern was approximately geomet-
ric in all cases. In 1977 the eight producers’
durable equipment or nonresidential equipment
assets—tractors, construction machinery, met-
alworking machinery, general industrial equip-
ment, trucks, autos, industrial buildings, and
commercial buildings—amounted to 55 percent
of investment expenditures on producers’ durable
equipment and 42 percent of spending on non-
residential structures. They assumed that the de-
preciation pattern for the remaining 24 out of 32
producers’ durable equipment and nonresiden-
tial structures nipa classes contemporary to their
study was geometric. These were categorized as
type B or type C assets.

Since used-asset prices reflect only surviv-
ing assets (a censored-sample problem), Hulten
and Wykoff weighted used-asset prices by the
probability of survival before estimating the de-
preciation patterns.” Weighted used-asset prices
reflect surviving and retired assets. The proba-
bility of survival, the weight, depends upon the
mean service lives of assets and on the devia-
tion of retirements around the mean service life.
Mean service lives were assumed to be 100 per-
cent of Bulletin F. An Lo Winfrey curve was
used to estimate the pattern of actual retirements
about the mean for structures. The Lo curve
is an asymmetrical distribution that allows for
some assets to survive to very old ages relative to
the mean service lives. An S-3 curve, described
above, was used for metalworking machinery and
general industrial machinery.*® Finally, an as-
sumption was needed about the net value of an
asset (scrappage value less demolition costs) to
complete the transformation of a surviving-asset
sample to an estimated sample of both surviving
and retired assets. Hulten and Wykoff assumed
that the net value of an asset retired from service
was on average zero. The used-asset prices in-
putted to the Box-Cox model were thus weighted
and net value adjusted. As a result, the deprecia-
tion estimates from the Box-Cox model reflected
both efficiency declines and retirements.

19. The censored-sample problem can be illustrated by the following ex-
ample. Suppose that two cars are bought new in 1980. By 1990, one is still
in service and one has been junked. The one that is still is service is sold
as a used car, say for $1,000. If we take the used-car sales price to be rep-
resentative of all cars bought new in 1980, we would assume that the 1990
value of all cars bought new in 1980 is $2,000. In fact, the 1990 value of the
cars is $1,000 or on average $soo per car. Hulten and Wykoff, by weighting
used-asset prices by the probability of survival, are calculating the used-asset
price equivalent of an average 1990 value of $s00 per car bought new in 1980.
Their procedure assumes that the used-asset price of nonsurvivors is zero.

20. BEA at the time typically assumed mean service lives were 85 percent
of Bulletin F and used a modified S-3 Winfrey curve for most assets except
consumer durables.
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The used-asset prices were adjusted for the ef-
fects of inflation on these prices by the inclusion
of a time variable in the Box-Cox estimation
procedure.

With a geometric pattern, the rate of depreci-
ation, 6, depends only on the declining-balance
rate and the asset’s service life:

R
oG T
where T is the average asset service life from Bul-
letin F, and R is the estimated declining-balance
rate.” O¢ is constant over the lifetime of the as-
set, and depreciation is higher in the early years of
an asset’s service life. With a geometric pattern,
depreciation, d; ¢, for 1 dollar of investment

dic=06c(1-68¢)" 1,
i=1,2,3,..

where i is the age of the asset. The higher the
declining-balance rate, R, the higher the geo-
metric rate of depreciation, d¢, and the higher
depreciation is in the early years of an asset’s

service life.  This contrasts with a straight-
line depreciation pattern. With a straight-line
pattern:

disr=1/n,

i=1,2,3,.,n

where 1 is the age of the asset, and n is the retire-
ment age of the asset, which can be distributed
about the average service life of the asset, T. &
for a straight-line pattern:

-
n—-((i-1)
i=1,2,3,..,.n

where i and n are, as before, increases with the
age of the asset.

For some assets, called type B assets, empirical
research by others and the judgement of Hulten
and Wykoff were used to estimate 6. For the re-
maining assets, called type C assets, an average
declining-balance rate R was estimated from the
8 assets and combined with information on the
lifetime of the 24 assets still remaining to produce
an asset-specific 6. Hulten and Wykoff deter-
mined that, on average, the declining-balance

0isL =

21. The rate of declining-balance depreciation is the multiple of the com-
parable straight-line rate used to calculate the geometric rate of depreciation.
For example, a 1.65 declining-balance depreciation rate refers to a geometric
rate of depreciation of 1.65/L, where L is the service life of the asset in years
and 1/L is the straight-line rate.

rate for producers’ durable equipment was 1.6,
and for private nonresidential structures, 0.91.*
In both cases, the declining-balance rate was es-
timated on average to be significantly less than a
double-declining-balance rate (R = 2).*

Summary of Empirical Research

Empirical research on depreciation has been con-
ducted on most asset categories included in the
U.S. national income and wealth accounts. These
studies can be broadly classified into studies
that looked at market-based used-asset prices to
estimate depreciation and those that did not.*

Research based on used-asset prices

A large number of studies have employed price
data from individual market transactions, dealers’
price lists, insurance records, or rental prices to
estimate actual depreciation. Table 2 lists these
studies. Two studies cover a large number of
asset classes or industries: Hulten-Wykoff cover-
ing U.S. assets and Koumanakos-Hwang covering
Canadian assets. Of the 29 studies listed, half deal

22. With truncation, o.9 was frequently used in the actual calculations.

23. At the time of Hulten and Wykoff’s research, researchers commonly
assumed that the appropriate declining-balance rate was double declining.

24. This section draws heavily on three previous surveys of empirical re-
search on depreciation. They are Hulten and Wykoff (1981b), Jorgenson
(1996), and Brazell, Dworin, and Walsh (1989).
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Table 2.—Studies of Depreciation Based on Used-Asset Prices

11

Assets

Studies *

32 ClasSeS Of SSELS ...vvrererrrrrnrrnrrnrrrssnssesinssenes
27 classes of assets or 43 industries ..................

AULOMODIIES ...
Chow 1957, 1960

Ramm 1970

Wykoff 1970, 1989

TIUCKS vttt Hall 1971

Farm tractors .....c.ccoevveveeneeseessenssesenssensees Griliches 1960

Perry and Glyer 1988

Ships:
Oil tankers .... Cockburn and Frank 1992
Fishing boats ... Lee 1978

Residential hOUSING ......cccovvivvieriireinininirenines Chinloy 1977

Hulten and Wykoff 1981b
Koumanokos and Hwang 1988

Ackerman 1973; Cagan 1971
Ohta and Griliches 1975

Office of Tax Analysis 1991a

Office of Tax Analysis 1991b

Penson, Hughes, and Nelson 1977
Penson, Romain, and Hughes 1981

Office BUIAINGS ..o
COMPULETS .o
Computer peripheral equipment ........c.cccoverienns
Mainframe COMPULETS ........c.vveerrererrirerinireisnerennnes
Maching toolS .......ccocvemirirerirersireisenserenines
Industrial machinery and equipment .............c......
Scientific INSUMENES ........coevvereiinies

Malpezzi, Ozanne, and Thibodeau 1987

Taubman and Rasche 1969
Jorgenson and Stiroh 1994
Oliner 1992

Oliner 1993

Beidelman 1976; Oliner 1996
Shriver 1988

Office of Tax Analysis 1990

1. See the list of references at the end of this article.
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with mechanized vehicles (automobiles, trucks,
or farm tractors). Data on used prices are read-
ily available for these assets. Three studies each
investigate depreciation for computers and real
estate. Two studies each cover ships (fishing
boats and oil tankers) and machine tools. One
study, by Shriver, deals with industrial machin-
ery and equipment. The remaining study is a
study of scientific instruments by the Office of
Tax Analysis. A variety of methodological ap-
proaches were used. They include hedonics, an
analysis of variance, and Box-Cox or polynomial
forms for the estimated equation.”

General issues affecting used-asset-price studies

All used-asset-price studies are potentially biased,
because the asset sample may not be represen-
tative of the population as a whole or because
economic conditions affect prices.”® First, asset
samples normally represent only surviving as-
sets. Second, surviving-asset samples or their
sale prices may not represent the population of
surviving assets. Third, changes in economic
conditions, including taxes and interest rates,
may affect used-asset prices. Finally, a used-asset
price may be affected by the value of an associated
input.

If asset samples represent only surviving as-
sets, then age-price profiles of used-asset samples
underestimate depreciation for the population as
a whole because retirements are not included.”
Hulten and Wykoft estimated for commercial and
industrial buildings that such an error would
reduce depreciation estimates by more than one-
half. There are two possible solutions to this
problem. One, retirements can be added to de-
preciation, similar to the way Bea modifies its
straight-line depreciation pattern to allow for the
pattern of retirements. Two, a censored-sample
adjustment can be made to the used-asset prices
before the depreciation pattern is estimated, in
a manner similar to Hulten and Wykoff. It
is important for the researcher and user to
know whether the depreciation pattern includes
retirements (as in Hulten-Wykoff) or excludes
retirements (as in the Bea accounts). A straight-
line pattern excluding retirements will no longer
be a straight-line pattern once retirements are

25. Triplett (1989, 128) defines a hedonic function as a relation between
prices of varieties or models of heterogeneous goods—or services—and the
quantities of characteristics contained in them. A Box-Cox model is a model
that transforms the form of the variables in the model (Box and Cox 1964).

26. The authors who have addressed the question of sample bias in
used-asset-price studies include Triplett (1996), DeLeeuw (1981), Hulten and
Wykoff (1981b) and Boskin, Robinson, and Roberts (1989).

27. An example illustrating this point is given in footnote 19.

included, and a geometric pattern excluding re-
tirements will no longer be a geometric pattern
once retirements are included.

Surviving-asset samples or their prices may
not represent the population of surviving assets.
Business may put up for sale their superior or
inferior assets. Assets may be worth more or less
to the buyers than to the sellers. Finally, buyers
may not be able to accurately perceive the value
of the assets for sale.

It is not clear what is the extent or direction of
a possible surviving-asset-sample bias. Whether
or not businesses put up for sale their superior or
inferior assets depends on whether they are try-
ing to maximize the proceeds from such sales or
to sell off less desirable or obsolete assets. Differ-
ences in buyer-versus-seller asset value may bias
used-asset prices in either direction as well. A
declining business may be selling off an asset that
represents idle capacity and that another business
in the same industry could fully utilize or an asset
that has limited use to businesses in other indus-
tries. Assets may be configured to meet the needs
of a particular business so that they are more
valuable to their seller than to their buyer. Fi-
nally, buyers may underestimate or overestimate
the value of used assets for sale.

The lemons hypothesis maintains that the value
of assets for sale will underestimate the value of
all assets in the stock (Ackerlof 1970). It argues
that a disproportionate number of assets sold will
be lemons, particularly if inspection by buyers
does not reveal which assets are lemons. Under
the lemons hypothesis, buyers will assume that
assets for sale are lemons; therefore, they will of-
fer lower prices for all used assets. Sellers have
an incentive to offer lemons, since they will be
paid lemons prices for both lemons and more
desirable assets. Therefore, buyers’ assumptions
are validated. If sellers have superior assets for
sale, the incentive will be to sell these privately
to obtain a reasonable price for the asset. Used-
asset prices will be less than the average price of
the stock of assets because of the disproportion-
ate number of lemons for sale and because buyers
will assume all used assets are lemons. The exis-
tence of asymmetric information between buyer
and seller is crucial in this hypothesis. Depre-
ciation would be overestimated if inferred from
used-asset prices because the average price for
assets in the stock would be underestimated.

Hulten and Wykoff argue that most assets are
sold in markets with professional buyers who fre-
guently buy and sell assets. Furthermore, these
buyers, who have the knowledge and expertise
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to identify lemons, are not affected by asymmet-
ric information. Hulten and Wykoff tested for
the existence of a lemons bias by comparing the
depreciation profiles of assets that might have
a lemons bias to an asset that arguably would
not (heavy construction equipment). Heavy con-
struction equipment is commonly sold at the end
of a construction project and repurchased at the
beginning of the next construction project. They
found that the depreciation profiles for assets
possibly with and without a lemons bias were
both approximately geometric; therefore, they
concluded that the lemons bias is unimportant
in depreciation estimates.

Changes in tax laws, interest rates, and other
economic conditions might affect the value of
secondhand assets independently of any sam-
ple bias problems. For example, changes in
allowable tax depreciation taken for corporate in-
come tax purposes may change the prices that
businesses are willing to pay for used assets.
Changes in interest rates may affect the cost of
borrowing to finance asset acquisition. Finally,
demand conditions determine whether businesses
are expanding or contracting, affecting both the
demand for and supply of used assets. Obso-
lescence can also affect used-asset prices, as, for
example, discussed above in the context of the
energy crisis.”®

If changes in tax laws, interest rates, and other
economic conditions significantly affect the value
of secondhand assets, age-price profile or retire-
ment patterns would change over time unless
these changes are counterbalanced by offsetting
effects. The question of whether the age-price
profile or retirement patterns change over time
has been discussed in the context of several em-
pirical studies. Hulten and Wykoft (19813, 1981b)
tested the stability of the age-price profiles for
office buildings, one of their largest samples. In
almost all cases, estimates of the rate of depreci-
ation were stable over time. Hulten, Robertson,
Wykoft, and Shriver reached similar conclusions.
Hulten, Robertson, and Wykoff (1989) looked
at the effect of the energy crisis on used-asset
prices for four types of used machine tools and
five types of construction equipment. Shriver
(1986b) looked at the rates of economic depre-
ciation for industrial machinery and equipment
in 3 different years with different demand char-
acteristics. Cockburn and Frank (1992) found in
a study of oil tankers that economic deprecia-
tion or decay was largely unaffected by economic
conditions, but that retirements are quite sen-

28. For example, see footnote 7.

sitive to economic conditions. Powers (1988),
using book values, found that retirements for
two-digit Standard Industrial Classification man-
ufacturing industries exhibit a cyclical pattern.
Taubman and Rasche (1971) and Feldstein and
Rothschild (1974) discuss in general the impact
of variables that change over time on age-price
profiles. Taubman and Rasche (1969) in their
study of office buildings found that changes in
rents and tax laws had little effect on deprecia-
tion rates. In most cases, studies have not been
done on different vintages of assets to determine
whether age-price profiles do significantly change
over time. Therefore, there is no definitive an-
swer to the question of whether age-price profiles
shift over time.

In addition, used-asset prices can reflect the
fact that it may be difficult for buyers to separate
the value of an asset such as a building from the
value of the land on which it sits (the shopping-
mall effect). The building may be incorrectly
valued because of the value of the site or the land
on which it sits.

Summary of research based on used-asset prices

Most of the used-asset studies do not directly
deal with possible biases arising from sam-
ples, such as those discussed in the previous
section (see table2). In any case, the ex-
tent and the net direction of the possible bi-
ases are unclear. Four studies—Hulten-Wykoff,
Koumanakos-Hwang, Oliner (1996), and Perry-
Glyer—did adjust used-asset prices downward to
reflect zero valuation of retired assets in the orig-
inal cohort. In addition, the Cockburn-Frank
paper illustrates how misleading it can be to esti-
mate patterns of depreciation without accounting
for retirements.

Of the two studies covering a large number of
asset classes or industries, Hulten and Wykoff’s
has already been discussed. The Koumanakos-
Hwang study of Canadian assets, the other study,
bears a number of similarities to the Hulten-
Wykoff study. It used a modified Box-Cox model
to estimate depreciation for up to 27 different
asset classes for manufacturing and nonmanu-
facturing separately. Depreciation for building
construction and machinery and equipment for
up to 43 different industries were calculated from
a weighted average of the depreciation functions
of individual assets. Some depreciation estimates
were done for engineering construction as well.
Koumanakos and Hwang conclude that depreci-
ation patterns for individual assets are approx-
imately geometric for both the manufacturing
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and nonmanufacturing sectors, with the degree
of convexity more pronounced in the manu-
facturing sectors.” At the industry level, they
conclude that the geometric pattern is preferred
because it is the simplest pattern that gives a best
approximation of the actual data.

The 15 papers on motorized vehicles (automo-
biles, pickup trucks, or farm tractors) can be dis-
tinguished by whether a depreciation pattern was
assumed, whether the validity of such assump-
tions were tested econometrically, and whether
any general statements were made about the pat-
tern of the used asset-price profile observed or
estimated.

Ackerman (1973) and Cagan (1971) for auto-
mobiles and Griliches (1960) for farm tractors
assumed a geometric rate of depreciation, and in
the case of Ackerman and Cagan, the assumption
allowed for the separate identification of quality.
None of these models were tested to see if the
assumption of a geometric rate was appropriate.

Seven studies—one for trucks (Hall 1971), three
for automobiles (Ohta and Griliches 1975, Wykoff
1970, 1989), and three for farm tractors (Pen-
son, Hughes, and Nelson 1977; Penson, Romain,
and Hughes 1981; Perry and Glyer 1988)—tested
the appropriateness of a geometric assumption.
With the exception of the two studies by Pen-
son and others and one by Perry-Glyer, these
studies concluded that although the assumption
of a geometric rate was not proven, that a ge-
ometric rate, in the words of Hall (1971, 258),
“is probably a reasonable approximation for most
purposes.” Perry and Glyer found in their econo-
metric model, which excluded tractor care and
usage, that depreciation rates were constant over
time. However, they found that depreciation
rates were not constant when these variables
were omitted. In their two studies, Penson and
others estimated from engineering data that the
pattern of productive-capacity depreciation for
farm tractors lies in between straight-line and
one-hoss-shay. However, if productive-capacity
depreciation is one-hoss-shay, depreciation as
defined in this article follows a concave, or
bowed-away-from-the-origin, pattern.’° Some
researchers found that the first-year decline in
asset prices was significantly greater than the de-

29. A convex depreciation pattern is bowed towards the origin in a graph
of price versus age.

30. Productive-capacity depreciation is measured by the additions to pro-
ductive capacity required to maintain productive capacity at a constant level.
If an asset does not decline in efficiency or productive services yielded over
its lifetime until it is retired, (the lightbulb example), depreciation as defined
in this article still occurs because as the asset ages, it is getting closer to its
retirement (or light-going-out) date. The present value of future declines in
efficiency increases or depreciation occurs even if there is no current decline
in efficiency.

cline suggested by a geometric rate (Wykoff 1970;
Ackerman 1973), but question whether listed
prices accurately represent transactions prices.
Ohta and Griliches (1975, 362), though conclud-
ing that a geometric assumption is “not too
bad an assumption ‘on the average)” conclude
without empirically testing that actual deprecia-
tion occurs at a faster rate with age. There is
evidence among the other studies that geomet-
ric rates may change over time (Ackerman 1973;
Perry and Glyer 1988; Wykoff 1970), but there is
no conclusive econometric evidence or consen-
sus about the direction of the change. None of
the motorized-vehicle studies performed econo-
metric tests for the existence of other than a
geometric depreciation pattern.

Three studies—one for trucks (ota 1991b)
and two for automobiles (ora 19918; Ramm
1970)—calculated or econometrically estimated
used-asset age-price profiles, but did not report
any attempts to determine the general shape of
the depreciation pattern. However in each study,
in general the age-price profile initially declined
more rapidly than it would under a straight-line
pattern of depreciation.

Lee (1978) and Cockburn and Frank (1992)
studied ships. The Lee study looked at data on
the insured value of Japanese fishing boats as a
proxy for new- and used-asset prices. The es-
timated depreciation pattern was geometric in
some cases (in general for steel boats) and not in
others (in general for wooden boats). Cockburn
and Frank concluded that a geometric pattern
is an appropriate pattern for surviving-asset age-
price profiles, but with proper accounting for
retirements as a component of economic depre-
ciation, the pattern of economic depreciation is
clearly not geometric. Neither study considered
or tested for other commonly used depreci-
ation patterns, such as patterns arising from
straight-line or one-hoss-shay efficiency patterns.

Beidleman (1976) and Oliner (1996) estimated
depreciation for machine tools or assets sold by
machine-tool builders. Beidleman’s study of sales
by machine-tool builders, which are primarily
machine tools, concluded that a negative expo-
nential function was best able to explain asset-
value variation in the majority of cases.” This
supports the assumption of a geometric depreci-
ation pattern. Beidleman tested linear, exponen-
tial, reciprocal, polynomial, and parabolic func-
tions as possible alternatives. Oliner concluded
that when used-machine-tool prices are adjusted

31. A negative exponential function estimates a geometric rate of
depreciation.
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for retirements, the pattern of depreciation is
not geometric. However, based on the evidence
from machine tools, actual depreciation for met-
alworking machinery is more rapid during the
early years and the pattern more accelerated than
BEA formerly had assumed.

Two studies—Chinloy (1977) and Malpezzi,
Ozanne, and Thibodeau (1987)—Ilooked at resi-
dential real estate and one study—Taubman and
Rasche (1969)—Ilooked at commercial real estate.
The Chinloy study of sale prices for residential
real estate concluded that the hypothesis of a
geometric rate of depreciation could not be re-
jected. The Malpezzi-Ozanne-Thibodeau study
on the other hand concluded that the decline in
the value of owner-occupied housing with age
occurs at an increasing, not a constant, rate but
that rents for residential real estate decline with
age of the property at a nearly constant or geo-
metric rate. The Taubman-Rasche study of office
buildings, in contrast to most other studies of
depreciation, concluded that depreciation occurs
at a rate slower than straight-line and, in fact,
that a depreciation pattern arising from a one-
hoss-shay efficiency pattern is a more appropriate
pattern. This result may be due to the exis-
tence of relatively long-term, fixed-price leases for
office buildings.**

Three studies measure depreciation of com-
puters or computer peripheral equipment—two
by Oliner (1992, 1993) and one by Jorgenson
and Stiroh (1994). All three studies assume
that the efficiency of assets in this category is
constant over time or best described by a one-
hoss-shay pattern, but Oliner includes a measure
of partial depreciation. Oliner defines partial de-
preciation as the effect of age on price that is
not captured by a hedonic equation and that is
unmeasured, because researchers are unable to
identify all relevant characteristics. The pattern
of partial depreciation appears to be approxi-
mately geometric for all the computer peripheral
equipment studied, except for disk drives. The
pattern of partial depreciation for mainframe
computers was decidedly not geometric, because
the values of mainframes did not always con-
sistently decline with age. The issue of the
appropriate measure of depreciation for comput-
ers will be discussed in the section “The New BEa
Depreciation Estimates.”

Shriver’s study of machinery and equipment
(1988) concluded that used-asset values decline

32. Leases are payments for office building services, most likely reflecting
productive capacity (see footnote 30), not the present value of future (post-
lease) declines in efficiency.

at a rate that is faster than straight-line depre-
ciation but slower than double-declining-balance
depreciation.

The Office of Tax Analysis study of scientific
instruments (1990) did not report any attempts to
determine the general shape of the depreciation
pattern. However, the age-value profile appears
to approximate a geometric pattern, even after
adjusting for retirements.

Other research

The major approaches used in nonprice-based
research on depreciation include a retirement ap-
proach, an investment approach, a polynomial
benchmark approach, and a factor-demand, or
production-model, approach. In addition, there
are a number of studies whose primary empha-
sis is on the estimation of retirement patterns or
useful lives.

With a retirement approach, retirements are
estimated. These retirements are then applied
to an assumed depreciation pattern to derive
an estimate of actual depreciation. Former Bea
methodology is an example of such an ap-
proach, modified with adjustments to reflect
natural disasters. Retirements depended upon
service lives and the assumed Winfrey distribu-
tion of retirements around the mean retirement
age. The pattern of depreciation was assumed to
be straight-line.

With an investment approach, an investment
model is used to estimate depreciation or the
pattern of depreciation. Robert Coen (1975,
1980) used a neoclassical investment model to
determine which of 4 possible loss-of-efficiency
patterns—one-hoss-shay, straight-line, geomet-
ric, or sum-of-the-years’-digits—best explained
investment flows into 21 manufacturing indus-
tries. A one-hoss-shay loss-of-efficiency pattern
translates into a depreciation pattern that is less
accelerated than straight-line; the other three pat-
terns translate into depreciation patterns that are
convex, or bowed towards the origin. For equip-
ment, the best results obtained were from the
following patterns: A geometric pattern in 11 in-
dustries, a straight-line pattern in 7 cases, and
a sum-of-years’-digits in 3 cases. For structures,
the best results obtained were from the follow-
ing patterns: A geometric pattern in 11 industries,
a straight-line pattern in s industries, a sum-of-
years'-digits in 3 industries, and a one-hoss-shay
pattern in 2 industries. Coen (1980, 125) con-
cludes “that something approximating geometric
decay rather than straight-line loss of efficiency
is typical of capital used in manufacturing.”
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The polynomial benchmark approach be-
gins with the perpetual inventory method of
estimating capital stock:

Ki =1t + (1 = 6)K¢ -1,

where K; is capital stock, I; is gross investment,
and ¢ is the constant rate of depreciation under
a geometric assumption. By repetitively substi-
tuting this expression for prior periods’ capital
stock, an expression is derived that depends only
on gross investment, &, and the initial or bench-
mark capital stock and the final capital stock,
K:. A parametric estimate for 6 can then be
determined with an econometric model of invest-
ment and capital stock. These studies routinely
assume that the pattern of depreciation is ge-
ometric. They do not address the question of
an appropriate pattern for depreciation, only the
appropriate geometric rate.

The factor-demand, or production-model, ap-
proach estimates a rate of depreciation affecting
capital entering into the demand for factors or
the production function directly. Nadiri and
Prucha (1996) looked at the demands for labor
and materials in the manufacturing sector that
depend on the level of output and the capital
stock of research and development (r&p) and
other types of capital. These two factor-demand
equations plus the perpetual inventory equations
for r&p and other types of capital are used in
a system of equations to estimate the geometric
rate of depreciation for r&p and other types of
capital. Doms (1996) substituted an investment
stream into a value-added production function
for a group of steel plants to estimate the ef-
ficiency pattern of assets. He estimated three
different efficiency schedules—one assuming a
geometric pattern, one using a Box-Cox model,
and one using a polynomial model. Even though
the Box-Cox and polynomial models can exhibit
other than a geometric pattern of depreciation,
in both cases the best model fits were obtained
from geometric-like patterns.

There were a number of studies related to
depreciation undertaken by the Treasury Depart-
ment.> Forty-six studies of survival probabilities
were undertaken by the Office of Industrial Eco-
nomics over the 1971 to 1981 period. Of these
studies, 27 provide information on useful lives.
These studies provide estimates of the actual re-
tention periods for the assets covered. It is
possible that more information from these stud-
ies could be incorporated into other depreciation

33. See Brazell, Dworin, and Walsh (1989) for a summary of 27 of these
studies.

studies. Later, under the auspices of the Office
of Tax Analysis, a used-asset-price approach was
employed. These studies, listed in table 2, are
discussed in the previous section.

The New Bea Depreciation Estimates

Empirical basis for the new Bea methodology: A
summary

The largest and most complete studies of de-
preciation are those of Hulten and Wykoff and
Koumanakos and Hwang, followed by that of
Coen. Hulten and Wykoff (19813, 1981b) and
Koumanakos and Hwang (1988) concluded that
the pattern of geometric depreciation is approx-
imately geometric. Coen (1975) concluded that
a geometric pattern provided the best fit in the
majority of manufacturing industries studied. In
addition, he concluded that a convex pattern (ge-
ometric being a special case) provided the best
fit for all manufacturing industries for equip-
ment and all but two manufacturing industries
for structures.

The results of the other depreciation studies
based on used-asset prices in table 2 in general
support an accelerated pattern of depreciation.
Most conclude that a geometric pattern is pre-
ferred, none determine that overall a straight-line
pattern is the best choice, and with the excep-
tion of computers, only a few maintain that some
other pattern is the appropriate pattern.

The Bureau of Labor Statistics (BLs) uses a hy-
perbolic efficiency function that is concave, or
bowed away from the origin, rather than a ge-
ometric efficiency function that is convex, or
bowed towards the origin (Harper 1982; Gul-
lickson and Harper 1987; BLs 1983, n.d.).** BLs
tested their hyperbolic efficiency function with
the Hulten-Wykoff Box-Cox estimated age-price
functions by constructing the age-price function
corresponding to their hyperbolic efficiency func-
tion. Brs found there was no statistically signif-
icant difference between the geometric and their
hyperbolic form.*® However, the maintained hy-
pothesis of a hyperbolic age-price function that

34. The hyperbolic function is a general function whose special cases in-
clude the one-hoss-shay and straight-line cases. A hyperbolic function can
also approximate a geometric function. The particular form of the hyperbolic
function used by BLs is concave, being intermediate between one-hoss-shay
and straight-line.

35. Because both the geometric and the hyperbolic efficiency functions
have an age-price counterpart that is convex, or bowed towards the origin,
the likelihood of there being no statistical difference between the age-price
functionsis increased. Note that under a geometric assumption, the efficiency
function and the age-price function are identical and bowed towards the
origin.
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corresponds to a concave hyperbolic efficiency
function was rejected.’

One disadvantage of the hyperbolic function
is that age-price functions estimated from a hy-
perbolic function (or alternatively, hyperbolic
functions estimated from an age-price function)
require an assumption to be made about a real
discount rate. The geometric function does not
require such an assumption.

Geometric depreciation as the default

There are several arguments for the adoption of
a geometric pattern for depreciation as the de-
fault”” First, the empirical evidence is that a
geometric depreciation pattern is a better ap-
proximation to reality than a straight-line pattern
and is at least as good as any other pattern.
Second, estimates of an appropriate default geo-
metric rate of depreciation are readily available
from Hulten and Wykoff (1981a, 1981b). Third,
the geometric pattern is a simple default rule. Fi-
nally, the geometric pattern is one that can readily
be used if and when a balance sheet or a pro-
duction account is implemented by Bea, thereby
minimizing future potential revisions.*®

BEA default geometric-depreciation rates

The new BEea rates of economic depreciation are
listed in table 3. All assets except for comput-
ers and computer peripherals, nuclear fuel, autos,
and missiles are depreciated at a geometric rate.

These rates are derived from the Hulten-
Wykoff estimates. If new estimates of service
lives have become available since the original
Hulten-Wykoff research (Hulten and Wykoff
1981b; Wykoff and Hulten 1979), the geometric
rate, o, is recalculated from the earlier formula
by substituting in the new service life:

R

6new = ’
Tnew

36. As noted earlier in “Specifics of Hulten-Wykoff methodology,” Hulten
and Wykoff tested three age-price functions—one-hoss-shay, straight-line,
and geometric. In each case, the maintained hypothesis was rejected.

37. As previously noted, a geometric pattern of depreciation will be used
for all assets except for computers and computer peripherals, missiles, nuclear
fuel, and autos.

38. This article contains only a brief explanation of this theoretical point.
The most complete explanation is presented in Triplett (1997), but the reader
should also refer to Jorgenson (1974, 1996). Triplett (1997, 31) discusses “the
distinctions between the capital data needed for production analysis .... and
the capital data needed for income and wealth accounting,” concluding that
“the crucial distinctions are between the wealth capital stock and the produc-
tive capital stock and between two related yet different declines in a cohort
of capital goods as the cohort is employed in production—deterioration, the
decline in productiveness or efficiency of the cohort, and depreciation, the
decline in the cohort’s value.” Replacement is the term used by Jorgenson to
describe the investment necessary to offset the effects of what Triplett calls
deterioration. In general, only when depreciation is geometric is the value
of replacements equal to depreciation. This is because under a geometric
assumption, the efficiency function and the age-price function are identical.

or equivalently,

6new = (Told/Tnew)(Sold-

Similarly, whenever Bea uses different service
lives for different time periods, the geometric rate
of depreciation, &, varies and is recalculated with
the above formula.

The formula above presumes that the declining-
balance rate R is not changing. Recall the
question previously discussed of whether age-
price profiles or retirement patterns have been
changing over time. In addition, since T’s or
service lives were used to center the retirement
distribution when the Hulten-Wykoff used-asset
prices were adjusted to correct for censored-
sample bias, it presumes that a “re-centering” on
the new service life would not significantly affect
the estimate of R.%*

Table 3 documents how the geometric rates of
depreciation were calculated on the basis of the
declining-balance rate and the service life of the
asset as well as indicating the Hulten-Wykoff as-
set type. Hulten and Wykoff classified assets
into one of three types—A, B or C (Hulten and
Wykoff 1981b; Wykoff and Hulten 1979). Hul-
ten and Wykoff had extensive data on type A
assets. These data were used to estimate geo-
metric rates of depreciation. For type B assets,
there were some existing studies on depreciation,
or some data existed. Hulten and Wykoft con-
cluded that defensible estimates of the rate of
geometric depreciation could not be generated
based solely on the data. They used the results
of empirical research by others—the treatment
of depreciation by Bea, Dale Jorgenson, BLs, and
Jack Faucett Associates (1973)—and their own
judgement to determine the geometric rate of de-
preciation for type B assets on a case by case basis.
For type C assets, Hulten and Wykoff had no data
whatsoever. The average best-guess-assumption
rates of declining-balance and service lives were
used to calculate the geometric rate of deprecia-
tion as described in “Specifics of Hulten-Wykoff
methodology” (Wykoff and Hulten 1979, 30—38).

Computers and computer peripherals, nuclear
fuel, autos, and missiles

An alternative approach to estimating depreci-
ation is used when detailed data are currently
available or when a geometric pattern seems
inappropriate.

For computers and computer peripherals,
Oliner’s studies provide a solid base for

39. This is one of the issues discussed in Hulten and Wykoff (1996).
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Table 3.—BEA Rates of Depreciation, Service Lives, Declining-Balance Rates, and Hulten-Wykoff Categories

Rate of T Declining- Hulten- Rate of I Declining- Hulten-
Type of asset deprecia- Se(r\gg?s;ﬁe balance Wykoff Type of asset deprecia- Se(r\gca?s;ne balance Wykoff
tion Y rate category * tion Y rate category *
Private nonresidential equipment Other strucggres20 . 0227 40 19100 A

Office, computing, and accounting Equipment 1500 u 1.6500 c
machinery 2 24
Before 1978 0.2729 8 21832 B Du.rable.good.s owned by consumers
1978 and later . 3119 7 2.1832 B || Furniture, including mattresses and

Communications equ| ment; DEASPIINGS ..o 1179 14 1.6500 B
Business services .1500 11 1.6500 ¢ || Kitchen and other household appliances ....... 1500 11 1.6500 C
Other industries 3 . 1100 15 1.6500 ¢ || China, glassware, tableware, and utensils 2> 1650 10 1.6500 C

Instruments 4 ..... 1350 12 1.6203 C || Other durable house furnlshmgs 2 s 1650 10 1.6500 C

Photocopy and r .1800 9 1.6203 ¢ || Video and audio products, computers and

NUCIEAI FUET® .ovvrvvvceressvvnrsssseennesssensnssss | seveesssseenens /N ORI [ peripheral equipment, and musical

Other fabricated metal products 7 .0917 18 1.6500 C instruments %6 ...... 1833 9 1.6500 B

Steam engines and turbines® ... 0516 32 1.6500 C || Jewelry and watches 1500 11 1.6500 C

Internal combustion engines & 2063 8 1.6500 C || Ophthalmic PdeUCtS and orthopedic

Metalworking machines® ........ 1225 16 1.9600 A appliances 2> S 2750 6 1.6500 C

Special industrial machinery, n.e.c. 11031 16 1.6500 C || Books and maps 1650 10 1.6500 C

General industrial, including materials Wheel goods, sports and photographic ”
handling equipment ..............oooooveveeveeeeeee. 11072 16 1.7150 A equipment, boats, and pleasure aircraft 1650 10 1.6500 C

Electrical transmission, distribution, and /éltlﬁfé? e el ol il e | s
industrial TUS oo .0500 33 1.6500 C 4 o : :

T,Jgkgfgﬁsei?‘ﬁﬁ ?,suck trailers: Tires, tubes, accessories, and other parts 28 6177 3 1.8530 A

i it 10

#?Sgldr?gda:}rhte‘;gg%rwgzzergg ;r&résn 1232 1 17252 A1l Government nonresidential equipment 2°
repair, services, and parking 1© 1725 10 17252 A || Federal:

Other industries 1917 9 1.7252 A National defense:

AUOS T oorenrcssnereesssessesssssensssens | sverninnennsininns | eevvennnneneen | v | e Aircraft:

Aircraft; Airframes:

Transportation by air, depository Bombers ..... .0660 25 1.6500 C
institutions, and business services: F-14 type ... .0868 19 1.6500 C
Before 1960 1031 16 1.6500 C Attack, F-15 .0825 20 1.6500 C
1960 and later . 0825 20 1.6500 C F-18 type woovocicvve. .1100 15 1.6500 C

Other industries: Electronic warfare .. 0717 23 1.6500 C
Before 1960 1375 12 1.6500 c Cargo and trainers .0660 25 1.6500 C
1960 and later . 1100 15 1.6500 c . Helicopters ... g%g zg igggg g

Ships and boats . 0611 27 1.6500 B e : :

Railroad eqummem .0589 28 1.6500 C :

Household furniture an 1375 12| 16500 c Before 1082 - 1 B e €

Other furniture 2 .. 1179 14 1.6500 C Missiles: 30 ’ '

Farm tractors 13 ... 1452 9 1.3064 A Strategic

Construction tractors 12 1633 8 1.3064 A Tacticgl '

Agricultural machinery, except tractors 1179 14 1.6500 C Torpedoé§

Construction machinery, except tractors .1550 10 1.5498 A Fire control équmen

Mining and oil field machinery ... 1500 11 1.6500 C Space programs

Service industry machinery: Ships:

Wholesale and retail trade 14 .1650 10 1.6500 C Surface ships

Other industries 4 .......... .1500 11 1.6500 C Submarines. ..

Household appliances 5 . .1650 10 1.6500 C Government furnished equipment:

Other electrical equipment 6 .. .1834 9 1.6500 C Electrical

Other# 1473 11 1.6230 C Propulsion

Private nonresidential structures glﬂh;:]ighamca

Industrial buildings ... .0314 31 9747 A _ Other

Mobile offices 7 ... .0556 16 .8892 A Vehicles: ]

Office buildings 17 . .0247 36 .8892 A Tanks, armored personnel carriers,

Commercial warehouses 17 . .0222 40 .8892 A and other combat vehicles ...........

Other commercial buildings 17 .0262 34 8892 A Noncombat vehicles:

Religious buildings ... .0188 48 .9024 C TIUCKS o

Educational buildings .. 0188 48 9024 C Autos 3t

Hospital and institutional buildings . .0188 48 .9024 B Other ..

Hotels and motels 18 .0281 32 .8990 B Electronic equip

Amusement and recreational buildings 0300 30 8990 B Computers and peripheral

All other nonfarm buildings & 10249 38 8990 B G TUTSTILCTL S RSRITSR (RSN (RSN [ [,

Railroad replacement track 19 | 0275 38 9480 Cc Electronic countermeasures 2357 7 1.6500 C

Other railroad structures 19 . 0166 54 9480 C : 1650 10 1.6500 C

Telecommunications 29 ... 10237 40 .9480 c Other equipment:

Electric light and power 1°: Medical .. .1834 9 1.6500 C
Before 1946 0237 40 19480 C Construction .1550 10 1.5498 C
1946 and later . 0211 45 9480 c Industrial ... 0917 18 1.6500 c

Gas™o ... 0237 40 9480 C Ammunition p .0868 19 1.6500 C

Petroleum pipelines 19 . 0237 40 19480 c Atomic energy ... 1375 12 1.6500 ¢

Farm20 .. 0239 38 9100 c Weapons and fire control 1375 12 1.6500 C

Mining exploration, shafts, and wells: General ... 1650 10 1.6500 c
Petroleum and natural gas 2X: Ofther : 1375 12 1.6500 c

Before 1973 . 0563 16 9008 c Nonde o )
1973 and later . 0751 12 9008 c General government. _

Otner2 ...... 0450 20 9008 c Computers and peripheral

Local transit22 .. 0237 38 8990 C equipment== ...

Other 22 0225 40 8990 c Aerospace equipmen 15 ¢

Vehicles .. 5 C
Residential capital (private and T 10 C
government) Enterprises: )
) U.S. Postal Service:

1-to-4-unit structures-new2° .........cccoevvrrrenn. .0114 80 .9100 A Computers and peripheral

1-to-4-unit structures-additions and T SR [ I N
anerati.onsZO et .0227 40 .9100 A Vehicles .. 3238 7 2.2664 c

1-to-4-unit structures-major replacements 2° .0364 25 .9100 A Other .. 1100 15 1.6500 c

5-0r-more-unit Structures-new 2° ............cc..... .0140 65 .9100 A Tennessee Vi 0500 33 1.6500 c

5-or-more-unit structures-additions and Bonneville Power Authority 0500 33 1.6500 c
alterations 2° .................. s .0284 32 .9100 A Other 0660 25 1.6500 c

5-or-more-unit structures-major

replacements 20 .0455 20 .9100 A || State and local:

Mobile homes 2° ... .0455 20 .9100 A Power tools, lawn and garden equipment 1650 10 1.6500 C
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estimating depreciation. His depreciation esti-
mates are therefore used. For personal comput-
ers, a category of computers for which there are
no studies of depreciation, the depreciation-rate
estimate is proxied from a computer category he
did study (Oliner 1992, 1993).

BEA has information on automobiles from
which it has determined depreciation figures
for both private nonresidential equipment and
consumer durable autos.

For nuclear fuel, a geometric pattern does not
seem appropriate. Nuclear fuel is assumed to de-
preciate at a straight-line rate, not a geometric
rate, to reflect the pattern of rotation and replace-
ment of nuclear fuel in the core. A Winfrey S-3
pattern is used to determine retirements.*’

BEA has decided to continue to use a straight-

ment patterns for missiles, because of the special
characteristics of this category of assets.

Conclusion

The improvement in the methodology used in
figuring depreciation is justified on empirical and
theoretical grounds. The recent article “Im-
proved Estimates of Fixed Reproducible Tangible
Wealth, 1929—95” in the SurveEy oF CURRENT
Business (Katz and Herman 1997) presents and
discusses the new capital stock estimates. Results
of current and future research can be used to
refine and modify the rates listed in table 3, to
further question the specific form of the depre-
ciation profile, to adjust for quality differences
across vintages, and to update service lives.
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line pattern of depreciation and Winfrey retire-

40. The information on nuclear fuel was obtained from Professor Made-
line Feltus of Pennsylvania State University. A reference on nuclear fuel
management is Robert Cochran and Nicholas Tsoulfanidis, The Nuclear Fuel
Cycle: Analysis and Management (LaGrange Park, Illinois: American Nuclear
Society, 1990).

Ackerlof,
Lemons.” Quarterly Journal of Economics (Au-
gust): 488—500.
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Table 3.—BEA Rates of Depreciation, Service Lives, Declining-Balance Rates, and Hulten-Wykoff Categories—Continued

Rate of o Declining- Hulten- Rate of I Declining- Hulten-
Type of asset deprecia- Se(rvn:([e ;ﬁe balance Wykoff Type of asset deprecia- Se(rwc? ;ﬁe balance Wykoff
tion years rate category tion years, rate category

Miscellaneous metal products ................... .0917 18 1.6500 [ Aircraft .1100 15 1.6500 [
Agricultural machinery and equipment ....... .1833 9 1.6500 C Railroad equipment . .0590 28 1.6500 C
Construction machinery and equipment .... .1650 10 1.6500 C Sporting and athletic goods .1650 10 1.6500 C
Metalworking machinery and equipment ... .1031 16 1.6500 C Photographic and photocopying equipment .1650 10 1.6500 C
General purpose machinery and Mobile classrooms, mobile offices, efc ...... .1650 10 1.6500 C

CQUIPMENE oo .1500 11 1.6500 C Musical instruments .... . .1834 9 1.6500 C
Special industry machinery and equipment .1500 11 1.6500 [ Other equipment 1375 12 1.6500 C
Integrating and measuring instruments ...... 1375 12 1.6500 C ) ) 3
Motors, generators, motor generator sets 0516 32 1.6500 C || Government nonresidential structures
Switchgear and switchboard equipment ... .0500 33 1.6500 C || Federal, State and local:
Electronic components and accessories ... .1833 9 1.6500 C National defense:
Miscellaneous electrical machinery ............ 1375 12 1.6500 [ Buildings:
Calculating and accounting machines .2357 7 1.6500 [ INQUSEAAL +voovvoeeeeeeeeeeee e .0285 32 19100 C
Typewriters .. 2357 7 1.6500 C Educational . 0182 50 .9100 c
Computers and peripheral eqUIPMENt ....... | wcoverrcvveree | coveeerrinennes | evrveriiveeiins | e, Hospital ... 0182 50 19100 c
Machine shop products .......... 2063 8 1.6500 C Other ... .0182 50 .9100 C
Wood commercial furniture 1179 14 1.6500 C Nonbuildings:
Metal commercial furniture . 1179 14 1.6500 C Highways and Streets ..., .0152 60 .9100 C
Household appliances ......... 1500 11 1.6500 C Conservation and development .0152 60 .9100 C
Home electronic equipment 1500 11 1.6500 C Sewer systems ... .0152 60 .9100 C
Motor vehicles . 1650 10 1.6500 C Water systems . .0152 60 .9100 C
Motorcycles .. 1650 10 1.6500 C (0111 ORI .0152 60 .9100 C

1. This column refers to Hulten-Wykoff categories (Hulten and Wykoff 1981b; Wykoff and Hulten 1979). Type
A assets are types of assets for which Hulten and Wykoff specifically estimated age-price profiles. Type B assets
are those for which they used empirical research by others and their judgement to estimate the depreciation rate.
Type C assets are assets for which they estimated an average declining-balance rate from data for all type A and
B assets.

2. The depreciation rate for this type of asset is not used for computers and peripheral equipment. Depreciation
rates for these assets are taken from Oliner as described in the text.

3. The declining-balance rate is from the Hulten-Wykoff communications equipment aggregate.

4. Instruments and other private nonresidential equipment, called producer durable equipment by Hulten-Wykoff,
are classified by them as type C but appear to be type B as they were given a declining-balance rate of 1.6203.

5. The declining-balance rate is from the Hulten-Wykoff other producer durable equipment aggregate.

6. The depreciation rates for nuclear fuel are based on a straight-line rate pattern and a Winfrey retirement pat-
tern.

7. The declining-balance rate is from the Hulten-Wykoff fabricated metal products aggregate.

8. The declining-balance rate is from the Hulten-Wykoff engines and turbines aggregate.

9. The depreciation rate and service life listed apply to nonmanufacturing industries; the service lives and depre-
ciation rates used for manufacturing industries differ by industry. The Hulten-Wykoff type of asset listed applies to
all industries.

10. The declining-balance rate is from the Hulten-Wykoff trucks, buses, and truck trailer aggregate.

11. Depreciation rates for autos are derived from data on new- and used-auto prices.

12. The declining-balance rate is from the Hulten-Wykoff furniture and fixtures aggregate.

13. The declining-balance rate is from the Hulten-Wykoff tractors aggregate.

14. The declining-balance rate is from the Hulten-Wykoff service industry machinery aggregate.

15. The declining-balance rate is set to the Hulten-Wykoff producer durable equipment default.

16. The declining-balance rate is from the Hulten-Wykoff electrical equipment (not elsewhere classified) aggregate.

17. The declining-balance rate is from the Hulten-Wykoff commercial aggregate.

18. The declining-balance rate is from the Hulten-Wykoff other private nonresidential structures aggregate, which

consists of buildings used primarily for social and recreational activities and buildings not elsewhere classified.

19. The declining-balance rate is from the Hulten-Wykoff public utilities aggregate.

20. The declining-balance rate is set to the Hulten-Wykoff private nonresidential structures default.

21. The declining-balance rate is from the Hulten-Wykoff mining exploration, shafts, and wells aggregate.

22. The declining-balance rate is from the Hulten-Wykoff other private nonresidential structures aggregate, which
consists of streets, dams and reservoirs, and sewer and water facilities.

23. The declining-balance rate is set to the Hulten-Wykoff producer durable equipment default.

24. For all consumer durables except for motor vehicles and parts and computing equipment, the declining-bal-
ance rate is set to the Hulten-Wykoff producer durable equipment default.

25. The corresponding Hulten-Wykoff consumer durables category is other.

26. Depreciation rates for computers and peripheral equipment are taken from Oliner as described in the text
of the article. The information listed applies to video and audio products and musical instruments. The corresponding
Hulten-Wykoff aggregate is radio and television receivers, recorders, and musical instruments. Radio and television
receivers, recorders, and musical instruments are classified by Hulten-Wykoff as type B but are indistinguishable
from type C as their declining-balance rate is 1.65.

27. The corresponding Hulten-Wykoff consumer durables category is wheel goods, durable toys, sports equipment.

28. The declining-balance rate is from the Hulten-Wykoff motor vehicles and parts aggregate. The declining-bal-
ance rate for this category is calculated under the assumption that the service life for consumer durables motor
vehicles and parts is equal to the service life for producer durable equipment autos previously used by BEA.

29. For most government nonresidential equipment, the declining-balance rate is set to the Hulten-Wykoff producer
durable equipment default. Where possible, the rate is set equal to the rate used for comparable equipment in
the private sector.

30. Missiles are depreciated using straight-line patterns of depreciation and a Winfrey retirement pattern.

31. Depreciation rates for government-owned autos are derived from data on autos that are privately owned.

32. Depreciation rates for these assets are taken from Oliner as described in the text of the article.

33. For all government nonresidential structures, the declining-balance rate is set to the Hulten-Wykoff private
nonresidential structures default.
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