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SECTION 1

INTRODUCTION
A. - BACKGROUND
1.  Participants in the Special Meeting on National Accounts

held in February 1980 requested the Secretariat to prepare a:
report on service lives of capital assets. Estimating service
lives ‘is one of the more difficult problems in using the perpet-
ual inventory method to calculate capital stocks. While an
earlier OECD report, The Measurement of Capital (40), had touched
on the problem, participants agree a his was an area where

a more detailed study of country practices would be useful, A
consultant, M. Pierre Teillet, was asked to conduct a survey of
country practices and to prepare an initial report, which was
briefly discussed at the Special Meeting on National Accounts
held in June 1981. The present study, which has been prepared

by the Economic Statistics and National Accounts Division of the
ESD, draws both on the earlier work by M. Teillet and on the
substantial quantity of reports, working papers and other docu-
mentation on capital stock estimates supplied by statistical
offices of Member ¢countries. The Secretariat is grateful for the
generous co-operation of Member countries, without which it would

clearly have been impossible to prepare this report.

B.. COVERAGE

‘2,  This report deals with capital stock statistics for 13
OECD countries, although not all 13 are covered in the same _
detail in 211 sections. The data are all published by national
statistical agencies with the following exceptions: for New
Zealand, the only estimates presently available have been com-
plled by researchers at the Victoria University of Wellington;
in Germany the Deutsches Institut fir Wirtschaftsforschung (DIW)
publishes capital stock statistics, which are based on the
official Statistisches Bundesamt series, but which provide a
more detailed breakdown of assets according to kind of activity;
in Austria capital stock statistics are compiled by the :
Osterreichisches Institut fir Wirtschaftsforschung (WIFO). The
countries covered and compiling agency are as follows:

" Canada - Statistics.Canada, Ottawa

United States Bureau of Economic Analeis, Washington

Japan Economic Planning Agency, Tokyo

Australia Australian Bureau of Statistics, Belconnen

New Zealand Victoria University, Wellington _ _
Austria Osterreichisches Institut fur Wirtschaftsforschung,

Finland Central Statistical Office of Finland, ‘Helsinki



...4..-

France Institut National de la Statistique et des
Etudes Economiques, (INSEE), Paris

~ Germany éag Statistisches Bundesamt, Wiesbaden
b Deutsches Institut flr Wirtschaftsforschung
(DIW), Berlin

Italy Istituto Centrale di Statistica, Rome

Norway Central Bureau of Statistics, Oslo .

Sweden  Statistics Sweden. Stockholm

United Kingdom Central Statistical Office, London

¢c.  LAYOUT o ‘; -

3. . Section II deals with the sources used'for‘estimating

average service lives of capital assets, the service lives
actually used by Member countries in their perpetual inventory
models, and the extent to which these lives are allowed to vary
over time., Section III summarises the various mortality:
functions used, i.e. the pattern of retirements around the
average service life of a particular asset. Section IV examines
the sensitivity of capital stock estimates to errors in average
service lives, to changes in service lives over time, and to the
use of inappropriate mortality functions. There are two . =
~ appendices. The first describes how average service lives ..
and average ages of groups of assets can be deduced from the
kind of statistics that are commonly published on capital stocks
and flows. The second consists of a bibliography of publications
"dealing with sources and methods of capital stock statistics,
identifying separately those that give information about asset
lives. . . , v o



SECTION II
AVERAGE SERVICE LIVES OF FIXED ASSETS

4. - This sectionvdeals with.three aspects’of service 1life
estimates ~ the main sources used, the service lives currently
applied and the extent to which serv1ce lives change over time.

A. SOURCES USED

5. The main sources used by the OECD countries are asset
lives prescribed by tax authorities, company accounts, surveys,
expert advice; and other countries! estimates.

(a) Tax—lives

6. In most OECD countries the tax authorities specify the
number of years over which the depreciation of various types of
assets may, under normal circumstances, be deducted from profits .
before charging taxes, The United States relies heavily on:
tax-lives, but most other countries also make some use of them -
either to estimate the service lives of assets for.which no

other source is available, or to provide a general credibility
check on serv1ce life estimates obtained by other methods.

7. ‘The 1nteresting question, of course, is what sources are
used to estimate tax-lives in the first place. Hibbert:et al(24)
- note that the United Kingdom tax lives are based on "custom and
practice rather than any scientific study of longevity of assets",
and for this reason, the United Kingdom is one of the few OECD
countries that makes no use of tax lives. In general, it appears
that tax-lives are based on a variety of sources of. differing
reliability including expert opinion, ad hoc surveys of parti-
cular assets in particular industries, and advice from trade -
organisations., Presumably, the accuracy of tax-lives will depend
on the extent to which they are actually applied in tax calcu—~.
lations.. In the United Kingdom, for example, various systems
of accelerated depreciation have been used to encourage invest-
ment; the tax lives published by the Inland Revenue are there-
fore irrelevant to the calculation of tax liabilities, and,
neither tax collectors nor tax payers have any incentive to see
that they are accurate and kept up-to-date.

8. As noted above, the United States estimates of service
lives rely heavily on tax data. However, the Bureau of Economic
Analysis believes that the Inland Revenue tax-lives, as published .
in the 1942 edition of Bulletin F(6) are somewhat longer than
actual service lives, and the Bulletin F lives are marked down

to between 0.85 and 0.68. In Germany, on the other hand, tax
lives are thought to be too short, because firms keep assets in
service for some years after they have been fully depreciated

for tax purposes, and tax lives are therefore marked up to obtain
estimates of actual service lives. ,




(b) Company accounts

9. Company accounts almost always record stocks and flows

of assets at historic (or "acquisition") values, and while this
is a disadvantage for many purposes, 1t does not necessarily
prevent them from being used to estimate asset lives., There

are at least two ways of using company accounts for this purpose.

10, In France, Atkinson and Mairesse (1) have used company
accounts to construct time series of fixed investment ‘and gross
capital stocks for manufacturing assets. Since the two sets of
data are consistently valuéd'- i.e. both at historic costs -
the gross capital stock in any year can be obtained by adding
up some of the investment that took place in previous years.
Precisely which assets from previous investments are still in
the capital stock in any given year depends on the average
service life of assets, and on the way that retirements are
distributed around the average, i.e. on-the mortality function.
Atkinson and Mairesse experimented with four different mortality
functions - simultaneous exit, exponential, Weibull, and log-"
normal - and with a large number of average life assumptions,
in order to find combinations of mortality functions and service
lives that best fitted the time series on investments and gross
Stocks;,;' b ' . . T : R a 9 :

11. In the case of the simplest mortality function -
"simultaneous exit"™ (which assumes that all assets are retired
together on reaching the average service life) = all that was -
involved was to compare the gross stock in each year with the
“sum of investments during a varying number of previous years .
until finding how many years' cumulated investments most nearly
“equalled each year'!s capital stock. Fitting the other mortality
functions involved the same basic approach, though with some
extra complications because the other functions imply a dis-
tribution of retirements around the mean.- - : :

12, Atkinson and Mairesse found that, for plant and machinery,
the simultaneous exit and (sharply-peaked) log-normal mortality
functions fitted the data about equally well, with average
service lives ranging from 16 to 21 years for the three manu-
facturing sectors covered in their study. They -also divided

the period into a number of sub-periods and found evidence of a
slow decline in average service lives over the period 1966 ‘to -
1975.

1%,  Because of its originality ahd potential appiication ,
in other countries, it seems worthwhile enumerating the pros and
cons of the Atkinson-Mairesse methodology. The advantages
are that: ~ & S R - N T
-(a) Mortality functions can be estimated as well‘és
 average service lives. R
(b) Inspection of the data for sub-periods may
indicate whether service lives are changing.
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(¢) Atkinson and Mairesse showed that estimates of service
lives and mortality functions are not much influenced
by aggregation of the data. It may, therefore, be

. unnecessary to examine individual company accounts,
~as was .done by Atkinson and Mairesse, and to work
-instead with highly aggregated data such as those -

- "available in annusl publications on "entprprise

B ;statlstics" I , : ‘

14i. There are, of course, drawbacks to ‘their method-

(a) The stock and investment data must be valued.0n1he'same
basis over .the entire period considered. While his~ ‘
~toric cost is the standard method of valuation, the
assets of individual companies are often revalued at
current replacement cost when companies merge, are
taken over, or undergo financial restructuring.

- While such events are not common, there is, neverthe-
less, quite a high chance of them happening to any
- given firm at least once over the 25 years or so for
which consistaldybvalued data are needed. In the .
French case, Atkinson and Mairesse found only about
.- 150- manufacturing firms whose data were Jjudged &
_ sufficiently consistent for use in thelr study‘ -

(v) Thelr method provides little detail on . either types'
of asset or kinds of economic activity. Companies
-cannot easily be-fitted into an activity classifi-

~cation:designed for establishments, and . company
~ accounts do-not usually give much detail about the

~ _ types of assets held.. Atkinson ‘and Mairesse could

-distinguish only a. single asset ‘type - machinery
'and equipment - for. only three sub—sectors within
manufacturing. , _

15, n Canada company ‘accounts have been used in a different,
. and much simpIer way, to estimate average service lives, In
their report to the Economic Council of Canada, Tarasofsky et
-al(38) estimated average service lives by dividing the gross
capltal stock at the end of a given year by estimated depreci-
ation during that year. It is shown in Appendix 1 below that,

so long as depreciation is .calculated by the stralght-line method,
this ratio is the harmonic mean of asset service lives. Apart
from its simplicity, this method has the enormous ‘advantage that
no time series are necessary. One year's data on depreciation
and capital stocks are enough to provide a service life estimate
for that year; if more than one year's data are available,z
changes in asset 1ives can be monitored. _ e .

16. By contrast with the AtkinsonrMairesse approach “this
method provides no information about mortality functions. ,

In addition, for the reasons noted above in connection with
the Atkinson-Mairesse study, it cannot be used to generate a
detailed breakdown of service lives by asset type and industry.



(c¢) Surveys o
17. . Japan is the only OECD country to have used a large-scale
agset survey to estimate service lives, although such surveys
are regularly used in Eastern Europe¥*, .The last such survey
carried out by Japan, the 1970 National Wealth Surve 32)
covered about 1.0% of government establlshments and U.5% of
private enterprises. However, because the sample was selected
with probability proportional to size, the survey covered a
‘relatively high proportion of total assets, The main purpose of
‘the survey was to establish a benchmark figure for the capital
stock, which has subsequently been updated by the perpetual
inventory method, However, respondents were also required to
give the dates of acquisition and expected life-times for a
very detailed list of fixed assets, These have been published
~in "Order No. 15" of the Ministry of Finance and are now used
hoth for ‘tax purposes and for the capital stock estimates.

18, . A small-scale enquiry was carried out by Barna(2) in 1960
for the United Kingdom, Questionnaires were sent to 90 firms in
the manufacturing sector, of which 57 supplied information on
dates of installation of assets and expected or "normal" life—
times, Barna noted that factory managers normally keep updated
"plant registers" which contain the detailed basic data needed
for estimating asset lives, '

19, ° In Italy, the Istituto Centrale di Statistica (ISTAT)

includes questions on the average service lives of machinery in

its _annual survey of industrial production, In the 1981 enquiry

respondents were asked to glve a percentage distribution of

- equipment and machinery according to their expected service lives,
ISTAT plans to use this information in compiling a new series

of capital stock statistics., : ’

20, In some countries trade organisations and technical
publications may also conduct surveys on the age composition of
particular types of assets. For example, in the United States
the trade Journal "American Machinist" publishes the results of
a 5-yearly survey of the age distribution of metal working
‘machines in.each of the principal user fndustries, and the
Journal "Metalworking Production" publishes the results of a
similar survey for the United Kingdom. Bacon and Eltis (43)
oonverted the age data from these publications into estimates of
average service lives -~ 23% and 25 years for the United States
(in 1971) and the United Kingdom (in 1968) respectively. They
note that these two journals provide a "hitherto untapped source
of information about the relative Iives of industrial plant in
the U.S. and the U, K.", It seems probable that similar infor-
mation on particular kinds of assets is provided by trade and
technical publishers in other countries, L B

* The survey approach may be better suited. to centrally-planned

« than to market economies because the (administered) asset price

- in the former are more stable than the (market) asset prices

- in OECD countries. Nevertheless, the surveys carried out in
some East Buropean countries have been of enormous complexity
and scale. In Organisation of Statistics in the USSR (Progress
Publishers, MoscoWw, 1967), A. Yezhov notes that "as regards
its scale, economic significance and number of participants,
the (1960 USSR asset survey) probably surpassed ,... even the
nationel population census", '




- (d) Ezvpert advice

21. = Most countries appear to base at least some of their
asset lives on "expert advice", and Sweden and Ttaly rely aimost
exclusively on this source. The term is obviously somewhat «
imprecise. At its best, the use of "expert advice" may involve
seeking advice from a panel of production engineers familiar
with conditions in a representative cross-section of industries,
or asking firms that produce capital assets for the expected or
normal service lives of different sorts of equipment. At the
other extreme, expert advice may be no more than a euphemism

for pure guesswork by the statisticians responsible for the
capital stock series. ‘

(e) Other countries! estimates

22. Although relatively few countries specifically mentioned
"other countries" as a source for estimating asset lives, it is
probable that most countries periodically review estimates used
by other countries to ensure that their own estimates are not too
far out of line with those of neighbouring or similar countries.
Certainly, when countries first estimate capital stocks, they
invariably search the literature or contact other statistical
offices directly to find out the service lives used elsewherz.

23, Table 1 summarizes the information available for 13 OECD
countries on the main sources used for asset service lives.

B. ESTIMATED SERVICE LIVES -

24, Tables 2 to 4 below show, for up to 10 countries, esti-
mated service lives for, respectively, machinery and equipment
in manufacturing, machinery and equipment in other industries,
and building and construction: Table 5 gives some estimates for
trensport equipment, computers and dwellings. In several cases
figures are given in brackets indicating that they are averages
calculated by the Secretariat. For the United Kingdom these are
weighted by the estimated stock of assets corresponding to each
service life. For other countries they are mid-points of a range
of service lives; these mid-points, however, have only been
calculated when the range of service-lives is relatively narrow.

25. The last line of Table 2 shows the simple averages of
the service lives of assets in the various kinds of manufactur-
ing activities listed in the table. Although these averages are
not very meaningful in themselves, they serve to rank the coun-
tries according to length of assumed service lives and these
rankings generally apply also to the asset lives shown in Tables
3 to 5. First, there are two extremes -~ Japan with an average
of only 10 years, and the United Kingdom WI%H an average of 33.
In between is a short-life group consisting of Australia, the
United States, Finland, France, and Italy, where service lives.
are estimated at between 15 and 17 years, and two countries -
Austria and Sweden - with service lives of 19 and 23 years
respectively. v
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Table 1. Main sources used for estimating service lives
of assets in OECD countries
Country - Main sources -used
Canada Company accounts and lives used for tax purposes.

United States

" Japan

Australia
New Zealand

Austria

Finland

- France

For agricultural equipment and agricultural structures
average lives are based on unpublished studies by

~the Department of Agriculture and the Treasury

Department respectively. TFor all other ‘assets,

service lives are based on the tax-lives specified

in the Treasury Department's Bulletin F (6 ).
However, the F-lives are believed to be too high

and the following "F-percentages" are used: non-
agricultural equipment, 85%F; manufacturing structures,
68% F; structures other than in agriculture and
manufacturing, 79% F. See Fixed Non-residential
Business and Residential Capital in the United States,

1925-75 (16).

The 1970 National Wealth Survey provided estimates

of average lifetimes of all types of capital assets.
These were subsequently codified in Order No.15 of
the Ministry of Finance, and this latter document is
currently used as the source of average service lives
for the capital stock estimates.

Lives used for tax purposes and estimates used in
other countries. See Current-cost and Constant-cost
Depreciation and Net Capital Stock (11).

Lives used for tax purposes. See Campbell (7 ).

Service lives of motor vehicles are estimated from
registration statistics. For all other assets
service lives are based on information supplied by

‘enterprises, estimates reported by comparable coun-

tries, and expert advice,

Surveys, expert advice, and recommendations by the
Ministries of Finance and Communications.

For equipment in "industry" (ISIC 2-5) the estimates
were derived from a study of the relationship between
capital formation and asset stocks as reported _in
company accounts. See Atkinson and Mairesse (1),
For all other assets service life estimates are based

.on expert advice.
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Table 1 (continued)

Country . Main sources used

Germany For motor vehicles, survey data are available on

(Statisches service lives; for dwellings census data are used;

Bundesamt) for other assets estimates of service lives are
based on tax data and expert advice. See
Iutzel (29). :

Lives used for tax purposes and expert advice. (see

Italy also paragraph 21 above).

Norway Expert advice for assets in agriculture, forestry,
fishing, offshore o0il and gas, rail and air trans-
port. Survey data are available for all road
vehicles. For all other assets, estimates reported

" by other countries are used. _

Sweden Expert advice. See Tengbland and Westerlund (39).

United Kingdom The estimates are based on data from Feinstein (13)

and Barna (2 ). TFeinstein used company accounts

to estTimate capital stocks and capital formation
for 1950 and earlier. Although Feinstein himself
~did not publish average asset lives, these can be
calculated from his stock and flow estimates.

Barna collecdted information from about 60 firms
(mainly in manufacturing) on the ages and normal
service lives of fixed assets in use in 1960.

Dean §12) used his own judgement to average the
estimates from these sources, and Dean's estimates
have been used ever since. See also Hibbert et al(24).
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Table 3. Average service lives of machinery and eauipment
in non-manufacturing activities
United Austra- ) i
Canada | giates | J2PaN lia Finland | France | Germany | Italy |Sweden g?;zggm
Agriculture, etc.
Agriculture 15 17 g6g 13 .o 10 15 18 15 (12)
Forestry 10 .. 5 13 5 -10 15 18 20 50
Fishing 3 .e .e 13 .o 16 15 - 18 ‘e 25
Mining and guarrying
Petroleum and gas 20 10 (7) 11 20 16 .. 18 20 5
Coal Mining 20 10 7 11 20 16 17 18 30 (12)
Iron-ore mining 20 10 9 11 20 20 17 15 30 20
Other mining and ~
quarrying 20 - 10 (8) 11 20 16 17 \‘15 20 30
Electricity, gas and
water )
Electricity 35 21 15 20 25 16 20 18. 35 527
Gas 35 .o 15 20 25 16 20 18 35 22
Water 2 .o 12 20 . 25 16 20 .s 35 25
Construction 10 9 (5) 9 10 12 10 18 10 (26)
Wholesale and retail . !
trade 20 . (10) 10 15f 16 .. .. 15 (30)
and communications
Railwavs 28 25 .o 14 .o 16 .o .. 35 25
Road: nassenger 10 ‘o .e 14 .o 16 12 .. .. 25
freight 10 e - .o 10 .o 16 12 .o .. 25
Air: aircraft 10 .o .o 14 .o 16 12 ‘e .. 8
airports, etc. 10 .e .o 14 . 16 12 .o .e 20
Water: vessels 35 .e .o 14 N 16 .o .. .. 10
harbours, docks, .o .o .s .. .o 16 .e .o 40 25
canals
Warehousing 25 14 (10) .o . 16 .o .o .o ..
Broadcasting 15 .e 6 .o .. 16 20 .. .o .
Televhone and :
telecommunications 25 i 8 .- . 16 20 . 15 o
Other services
Financial, etc., &
business 15 10 .o 9 10 16 .o .o 20 (30)
Public administration 20 .o .o .e .e 16 .. .o 20 20
Education 20 .o .o 10 . 1€ .. .o 20 20
Health 15 .o . 10 .e 16 .. .o 20 15
Personal services .e .o .o 12 .e 16 .o .e 20 (30)
( ) Average calculated by the Secretariat.
Notes: .
1. Transport equipment is excluded except in the case of Australia, France and Germany.
2. For Canada public administration refers only to the federal government, and health

coveTs only hospital equipment.

3. For the United States electricity equipment only refers to turbines and the figure

for warehousing refers to materials-handling equipment.

4. For Japan "electricity" excludes hydro-electric equipment.

5. For Australia the figure for "road transport: freight" refers to equipment held by

private transport enterprises; the figures for other transport activities refer to

equipment held by public transport enterprises.

6. For Germany the average service lives are those given in Lutzel (29). The present
capital stock estimates published by the Statistisches Bundesamt use slightly shorter

service lives.
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Table 5. Average serviceklines of vehicles,
dwellings, computers (years)
United . United
Canada States Japan |Finland| Sweden Kingdom

Vehicles ‘
Farm tractors 10 8 e 9 15 10
Fishing boats 25 22 .e 10 .o 25
Other ships 35 22 . 10 .o 25
Buses 10 9 . 10 6 10
Road freight vehicles 10 9 5 10 3 10
Passenger cars 6 10 5 10 2 10
Aircraft 10 9 5 10 15 10
Dwellings
1 to 4 unit structures: : - ‘

new .o 80 45(2) 55 75 100

additions and ,

alterations .o 40 .o .o .o 40
4 + unit structures: , . :

new .o 65 50(b) 55 75 100

additions and

alterations oo 32 oo .o .o 40
Computers/office
machines '
Computers , . 8 6 .o 15 .o
Office maChinery » o e 8 6 o e 10 o e

(a) Brick, stone, and block-built dwellings.

(b) Reinforced concrete residential buildings.
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C. CHANGES IN SERVICE LIVES

26. Tt seems generally to be accepted that average service
lives change over time, Tengblad (39) notes that "most likely
du-ability decreases /in Swaden/ in periods with rapid technolo-
gical and economic develcpment', The U,S, Bureau of Economic
Analvsis (16; suggests that "during wars or other periods of
hiz: capacity util isation, equipment and structures may be used
bevord thzir norma. working lives. Unusual technological
advau.es may alse change service lives drastically, and/ there
may be trends in service lives". Lutzel (29) believes that
service lives in Germany have been declining in recent years and
cites as evidence the successive reductions in tax lives of
ascets decreed bty the fiscal authorities during the last two
decades, the significant decline in the service lives of motor
cars between 1955 and 1970, and a 1969 survey conducted by the
Munich Institute of Economic Research (IF0), in which must firms
interviewed reportad that "normal" asset lives had declined ov=r
the laest 15 years, and sald they expected the trend to continue,
Finelly, as noted in paragraph 12 above, Atkinson and Mairesse
found some evidence of declining service lives for manufacturing
equipment between 1966 and 1975.

27. In complling their capital stock estimates, however, onlv
two © countries presently assume declining service lives., In
Sweden the normal life of road beds is assumed to have fallen from
40 years in the 1940s to 30 years in the late 1970s, and for

cars and trucks, service lives are assumed to have fallen over

the same period from 5 to 2 and 6 to 3 years respectively,

In the canital scock 7ndel develomed by the Statistisches Bundesamt
I2m Germeny, the average service 1ife mayv he varied for any asset
wihenever new information hecomes availlable, and asset lives have
avwarently veen recuced guite sudstvantislly in recent years. ‘'he
cartrazlian cenitel stock model also provides for varistion in asset
ives, although to dete no firm information has become available

[

’
’ 3 3 o ) . g
werrany chonges in asset life assumrntions.

k-
@]
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| SECTION III
MORTALITY AND SURVIVAL FUNCTIONS

28, Tnis section looks at the assumptions made about the
distribution of retirements around the average service life,
There is first a discussion of the characteristics of the
various functions :vailable for simulating retirement patterns,
and tiils 1s followed by a table summarising the information

. available on the mortality functions used by 12 OECD countries.

29. Figure 1 shows typical mortality and survival functions
underlying the various retirement patterns used by the OECD
countries. The mortality functions, in the first column, show
rates of retirement over the lifetimes of the longest-lived
member of a group of assets of a particular type installed in

a given year: they are essentially probability density functions
with the area under each curve equal to unity. The survival :
functions, in the second column, show what provortion of the
original members of the group of assets are still in services
at each point during the lifetime of the longest-lived member

of the group. .

(a) Linear

30. With a linear retirement pattern, assets are assumed to -
be discarded at the same rate each year from the time of :
installation until twice the average service life., The mortal-
ity function is a rectangle whose height -~ the rate of retire-
ment - equals %Lwhere L is the average service life: the

survival function shows that the surviving assets are reduced by
a constant amount each year, equal to 50 % of the original

group of assets., WNo OECD countries presently use this retire-
ment pattern for their regular capital stock statistics,
although it is used in Canada for "alternative capital stock"
estimates which are designed to show the impact on the capital
stock data of using different retirement patterns. (See
Koumanakos (28)).

(b) Delayed linear

31la With a delayed linear retirement pattern, discards are
assumed to occur at a constant rate over some period shorter
than 2L. Retirements start later and finish sooner than in the
simple linear case. The United Kingdom and New Zealand use this
retirement pattern for their capital stock estimates., In the
case of the United Kingdom, 1t 1s assumed that all assets are
retired over the period from 80% to 120% of their average service
life. The rate of retirement in the mortality function is .
therefore equal to 1 . or 250 % per year during the

, ' L.2~C, T L .
period when the retirements are assumed to.occur. For the
New Zealand estimates four different tyves of delaved linear
functions are used with retirements ranging from 325% of the
average to 182%.
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-Figure 1

TYPICAL MORTALITY AND SURVIVAL FUNCTIONS
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32, - Until 1975 the United Kingdom estimates were based on
the assumption that all assets of a given type were retired
‘simultaneously when they reach the average service life for that
group. This was found to produce a marked uneveness in the stock
data for the early 197G when the large amounts of plant and
equipment installed in the 1940s for war-time production reached
their average service lives. In the sbsence of any firm infor-
mation about the actual retirement patterns, the delayed linear
function was sdopted because of its computational simplicity.
It is interesting to note, however, that in his 1960 study,
Barna (2) concluded that a delayed linear function, with
discards starting 3 to 5 years after installation, best fitted
the mortality pattern of manufacturing equipment.

(c) Bell-shaped

33, . Most countries use some kind of bell-shaped mortality
function.. The actual functions in use are log-normal (France),
gamma (Germany: Statistisches Bundesamt), logistic (Austria

and Germany: DIW), Weibull (Finland) and Winfrey (United States
and Sweden, and Australia for capital consumption estimates).
'In addition Canada uses a quadratic approximation to the normal
distribution, and a truncated bell-shaped function (also based
on the quadratic) for its "alternative capital stock" estimates.
In most cases symmetrical functions are used but the German
Statistisches Bundesamt uses left-skewed gamma functions, and
Sweden and Australia use right-skewed as well as symmetrical
Winfrey functions. _ ;

34. - These various functions have presumably been selected
ecause they appear to fit whatever information is available in
the countries concerned on actual retirements of various kinds
of assets. In practice, however, empirical evidence is scarce
and it seems likely that in most countries the selection of a.
particular function is based on the retirement patterns of only
a few types of assets - notably transport equipment. The mein
exceptions are the so-called Winfrey functions* which were
developed at the Engineering School of the Iowa State College
during the 1930s. Data were assembled on the mortality patterns
of 176 types of assets, from which 18 standard mortality functions
were derived - six being left-skewed, seven symmetrical, and
five right-skewed. These are denoted by L, S and R respectively,
with a subscript 0 through 6 moving from flatter to more peaked
curves. . The Winfrey S function, for example, gives a flatptish
symmetrical curve with retirements spread over the period - 95%
of the average service life; the Winfrey S4 function is again
symmetrical, but it is more peaked with retirements occurring
around - 70% of the average service life.

35, While Winfrey curves are empirically“we11+baséd,'1tﬁis
not obvious that functions found to fit the mortality patterns
of~fixed assets in use in the United States during the 1920s

* Winfréy (41) explains tﬂét the 18 functions, that bear his
name are derived from a study by Professor Edwin Kurtz,

see Life %ggectano¥ of Physical Property, The Ronald Press
Company, New 13250, ,,
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are still sppropriate for the 1980s. Nearly a third of the
- 176 asset groups analysed by Winfrey consisted of railway equip—
~ment and structures, and the list covered relative1y £ewlmanue

 facturing assets.’ = =
| () Simulteneous exit

36, The simultaneous exit mortality function 1is used for =
capital stock estimates in Australia, Canada, Japan and Norway.
%37§1ready'n6ted it was also used in the United Kingdom until

37+ This function assumes that all assets are retired from
the capital stock at the moment when they reach the average
service life for the type of asset concerned, The survival
function therefore shows. that all assets of a given type and
vintage remain in the stock until time L, at which point they are
all retired together. This retirement pattern is sometimes
referred to as "sudden exit" but this term is somewhat ambiguous.
Whatever mortality pattern is used, individual assets are always
retired suddenly: the distinguishing feature of this function
is that all assets of a given type and vintage are retired C
similtaneously. =~ =~ = . S A S

38 “Simul taneous exit may be regarded as a limiting case of

a pell-shaped funiction where the peak approaches infinity and-

the variance approaches zero. The infinitely thin space inside
the infinitely high vertical line sums to unity, as do the '
areas under the other mortality functions in Figure 1,

39  The assumption that all asset8 of a given vintage dis-
appear simultaneously from the capital stock 1s clearly unreal-
istic. While it may be that the large majority of retirements
occur around the average service life, it .is clear that some
assets are used with different intensities by different pro- "
ducers. It may therefore be assumed that simultaneous exit is
used for much the same kind of reasons as’ the delayed linear
function - computational simplicity and lagk of data on actual
' Yetirement patterns. . ¢
40. It was noted in paragraph %, above' that-the United -
Kingdom's ‘capital stock estimates wérebased on the simultaneous
"exit function until implausible irregularities appeared in the
series due to the (simultaneous) retirement of large quantities
of war-time assets. The risk of this happening depends to a
large extent on the degree of detail the breakdown of capital
assets, For example, if it is assumed that all machinery in a
particular industry has the same average service life, it is
much more likely that the assumption of simultaneous exit will .
cause ‘irrégularities in the stock series, than ' if 10 differemt
sypes of machinery are distinguished for the industrv group,
each type having its own average service life, ..-.% "..-.
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41, Table 6 summarises the information available
at the OECD about the kinds of mortality functions used .
in twelve Member countries.



‘2tle €, v furctions used by LD
s Icr cevivel stoci estinestes
Amtr Twpe of wortal*uy‘function used

Cznefz Simyltzanecus exit,  Llternztive estimetes heve 2lso
neen meae using linezr, QVﬁOﬁentlu_, and bell-shaned
mortzlitv functions. See Koumanakos (28)..

United Stztes Rell-cghaped Syvmmetricel Winfrev functions zre used.
For residentlal buildings, discards are spread over the
period 295% of average service life : for a1l other
zesets discards are soread over the period #45% of the
zverzge service 1life, See szed Nonreclaeht1a7
Bysiness and Residential Cavital in the United States
1525-75 (16).

Japan Simulteneous exit.

sustralia Simultznecus exit and bell-shaved. Simultaneous exit
s useC 1or estimates of the net capital stock and con-
sumption of fixed cepital. Alternative estlmate for
cepital consumption only, have been made using bell—
shaped Winfrey functions. For machinery and equipment

New Zealand

France

Germany

(a)Statis-
tisches
Sundesant

(b) D.I.W,

Norway

in mining, menufacturing, construction, electricity,
gas and wvater, symmetrical S2 functions were used. For
all other assets,right skewed functions of type RZ,

R2 z2nd R4 were used See Current-cost and Constant—
cost Depreciation end Net Tepital Stock (1I1),

Delaved 1inear. Four different retirement patterns are
used. For buildings with average service lives of 32
years retirements are spread evenly over the period
-25% of the avorage. for buildings with average lives
of 55 years, Z28%; for eguipment with average lives of
17 years, 76%, for equipment with average lives of

27 vears, Zg82%. See Campbell (7).

Bell-ghaved.
are usec,

Symmetrical quasi-logistic functions
See Kirner (27). :

Bell-shaved.

Symmetrical Weibull functionsare used.
See Kansantalouden t¢1irblt0 (26).
'Bell—shabed ovmmetrlcal log-normal functlons are used

Tee Mairesse (30).

Bell-shabec. The official capital stock series compiled
by the Statistiches Bundesamt use left~-skewed
gamma functions. See Liitzel (29).

The Deutsches Institut fiir Wirtschaftsforschung (DIW)

uses a symmetricel guasi~logistic function for esti-
?%tgs of capltal stock by industry sector. See Kirner

Simultaneous exit.
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Table 6 (continued)

Country

Type of mortality function used

Sweden

United
Kingdom

Bell-shaped. Winfrey functions are used. For most
types of buildings and for transport eoguipment,
right-skewed distributions are used of types R2,

R3 and R4. For engineering construction and most
other tvpes of machinery and equipment symmetrical
distributions of types S1, S2 and S3. See

Tengblad (39).

Delayed linear. Retirements are spread evenly'
over the period ¥ 20% of the average service
lives. See Griffin (22).
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IV. SENSITIVITY OF CAPITAL STOCK ESTIMATES

0

F LIFE ASSUK

Ol

42. This section deals with the effect on estimates of capital
stocks and capital consumpition of possible errors in service

life assumptions.

Three aspects of the problem are considered:

the length of service lives, variations over time in average
lives, and the choice of mortality functions.

A. LENGTH OF SERVICE LIVES

43, For the United States, capital stock and consumption
ectimates have been published in Fixed Non-residential Business
and Residential Capital (1G) using both a longer and a shorter

set of average

service lives.

The standard estimates are refer-
red to as "O.85F% because most assets are assumcd to heve service

lives equal to 85% of those specified in the 1942 edition of
The longer estimates use the F lives as they

Bulletin F (6).

stand, while the shorter estimates are based on 75% of the F

lives,

The longer and shorter lives are, respectively, about

18% more and 12% less than the lives used for the standard

estimates.

lives on gross and net stocks and capital consumption.

‘Table 7 shows the effect of using these alternative
The data

refer to all assets other than dwellings for the whole private
"~ business sector and are at current replacement cost, but the
‘general pattern shown in Table 7 applies equally to estimates at

constant prices, and for the various subsectors.

Table 7.

Effect on capital stock and capital consumptidn

estimates of using diiferent service liie

estimates; total non-residential capital assets
in the United States, 1970 » .

($ billion)

Gross Capital Net Capital Consumption .

Stock : Stock of fixed

capital
Long lives 1485 875 68
(% of long) (100) (100) (100)
- Standard lives 1339 785 71
(% of long) (90) (90) (105)
Short lives 1235 719 T4
(% of long) (83) (82) (109)

Source:

Fixed Hon-residential Business and Residential Capital

in the United States%;j925-75(16).

explaration of ©

long",

ligtandard" and "short"

See text for

lives.
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44, The results given in Table 7 - lower stock figures and
higher capital consumption as service lives are reduced - are
supported by Table 8 which shows how shorter service life assump-~
tions would change the United Kingdom's estimates of capital
stock and capital consumption for plant and machinery in
manufacturing. :

Table 8. Effect on capital stock and capital consumption
estimates of using different service life
estimates: plant and machinery in manufacturing
1n the United Kingdom

ngggeéén Gross capital Net capital | Consumption of
servigg 1ife stock stock fixed capital
-20% -1%% ~-15% +10%
~40% 25 to 30% ~30 to 35% +20 to 25% .

45,  Hibbert et al (24), from which Table .8 is taken, note that
"the relTationship between the change in assumed lengths of life
and the changes in estimated stock and capital consumption is...
partly dependent upon the rate at which new capital formation is
taking place (i.e. the rate at which the capital stock itself is
changing)". If capital formation were constant so that the
capital stock is static, a change of y% in assumed service life
“would reduce both gross and net capital stocks by y% but would
result in no change in capital consumption. This last result is
true only for estimates based on straight line depreciation, but
in practice this is by far the commonest method used. Using
straight line depreciation,capital consumption in a given year
(Dt), for an asset with an average service life of (L), depends
on capital formation (C) during the period (t-L) to (tj

i.e. Dy = 9_5!:

i=t-I+1 L

clearly, when (C) is a constant, the value of (L) is irrelevant
since Dy = C. Hibbert et al go on to explain that "with increas-
ing capital stock over Time, a given percentage reduction in
assumed life lengths leads to a relatively smaller percentage
change in estimated stock and some increase in capital consump-
tion...because capital consumption now represents a greater using
up of more recently acquired assets."

LI

B. CHANGES IN SERVICE LIVES OVER TIME

46. The United Kingdom Central Statistical Office has made

some sensitivity studies to gauge the effect on their capital

stock and consumption statistics of assuming that service lives

~have been falling. The results -~ for the industry group chemical
and allied products - are given in Table 9 below. '
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Table 9. Effect on capital stock and capital consumption
R ‘estimates of assuming declining average
service liie: plant and machinery 1n chemlcal
and allied products 1ndustr1es in the
Uni%éE'Klngdom

(Per cent reduction ( ) or increase (+) in the
estimates for 1973)

.. ... . . . leross capital]l Net capital ‘Consumption
Asgumption .. | . stock stock of fixed
L - o R L . capital

Service lives fall : S
from 37 Yo 30 years =207 . =8.9 O +19.5
between 1947 andA1973 e , : - o
Service .lives fall = | o S
from 37 to 22 years ~-6.5 -19.2 +43.7

between 1947 and 1973 h

Source:. Hibbert et al (24).

47 . Table 9 suggests that, if service lives really are falling,
the failure to reduce assumed sexrvice lives will introduce sub-
stantial errors into the estimates of consumptlon of fixed
capital and net capital stock, and smaller =~ though not: 1ns1g-'
nificant -~ errors into the gross stock calculatlons.

c. CHOICB OF MORTALITY FUNCTION

.48, Table 10 shows the effect of using dlfferent,mortallty
functions on the estimates of gross and net capital stocks and
. consumption of fixed capital, The data for Canada are taken
“from Koumanskos (28), and the data for Australia from Current
Cost and Constant Cost Depreciation end Net Capital Stock (11).
The bell-shaped function used in Canada is a quadratic approxi-
mation to the normal distribution with retirements distributed
over the period from installation to twice the average service
life: the truncated bell-shaped function is again based on a
(quadratic) normal distribution but with the talls cut off at
: 50% and- 150ﬁ of the average llfe. .

49. Although the table. is conflned to current cost data for
a 31ngle year (1976) and a single industry (manufacturing) the
main conclusions that emerge from the table generally apply to
the whole period for which data are available, to other industry
groups, and to data compiled at constant prlces. - These conclu-
sions may be summarlzed as follows: .

(a) For gross capltal stock simultaneous exit glves the
highest estimate, but one that 1s only about 5% higher than that
. obtained using bell-shaped mortality functions. The linear

function produces an estimate that is lower again by about a

: further 5%.
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(b) For net capital stock, bell-shaped mortality functions
produce the highest estimates, while estimates based on simul-
taneous exit are substantially (20-25%) lower.

(¢c) For consumption of fixed capital simultaneous exit
again produces a higher figure while the bell-shaped functions
give estimates around 20-25% lower.

50.

In summary, it appears that gross capital stock estimates

are relatively insensitive to the mortality function used, but
that for both the net stock and capital consumption rather’
different results can be expected depending on whether simul-
taneous exit or bell-shaped functions are selected.
be noted that these results are due to the fact that the capital
While this is true
at an aggregative level for almost all OECD countries, in Some
~countries there may be certain industries where capital stocks are
For these industries one would, a priori, expect the

. stocks of Canada and Australia are growing.

~declining.

converse of the findings (a) to (c) above.

It should

Effect on capital stoeck and capital consumption -

Table 10.
_ ‘ estimates of using alternative mortality functions:
manutfacturing in Canada and Australia, 1976
- (Current replacement cost: ¢ million)
Country { Type of distribﬁtion Gross Net Consumption
: o - capital capital of fixed

- | stock stock capital
A, All assets | ,

Canada | Linear 83531 66377 3267

- Bell-shaped 88493 71628 3029

Truncated bell-shaped | 89784 - 67555 3221
‘Simultaneous exit 92620 56572 3712

Australia| Bell-shaped (Winfrey) .o - 1762
Simultaneous exit e .o 1774
'B. Machinery and

Equipment

Canada { Linear v 48631 38375 2002
Bell-shaped | 51783 41514 1866
Truncated bell-shaped | 52733 39077 1997
Simultaneous exit - 54835 32279 2337

Australia | Bell-shaped (Winfrey) s .o 1438
Simultaneous exit .o .o 1463
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APPENDIX 1. ESTIMATING THE AVERAGEZ SERVICE LIFE AND AGE
. OF & GROUP OF ASSETS , |

1. For several kinds of economic analysis - cross~country
comparisons of productivity or potential output, for example -
it is important to have some idea of the relative efficiency of

a stock of assets in different countries. An obvious indicater
to use for this purpose is the average age of each country‘g
-capital stock. This appendix shows how the kind of statistics
commonly published on capital stocks and flows can be used first
to estimate the average service life of a group of assets, and
then to convert this into an estimate of the average age.

O0f course, both the service lives and ages 80 obtained gerely
reflect the service life assumptions underlying the capital stock
.estimates; the advantage of the procedures described here is that
- they.provide -simple means of averaging assumed service lives and
ages over a group of assets. S ' : R

A. AVERAGE SERVICE LIFE OF A GROUP OF ASSETS

2. For a group of assets - e.g. "machinery and equipment in
manufacturing", or "all assets in industry" -~ the ratio of the
gross capital stock in a given year to the consumption of fixed
capital in the same year gives an average of the service lives

of the assets in that group. This can be demonstrated as follows:

3. Assume that: (i) all gross fixed capital formation takes
: : place on the first day of each year;

(ii) consumption of fixed capital is estima-
ted by the straight-line method;

(iii) service lives do not change'fromvyear
to year; : '

and (iv) all assets of a given type are retired
on reaching their average service life
(i.e. simultaneous exit).
4, Let: G, = gross capital stock at the end of year t
consumption of fixed capital during year +

gross capital formation in asset type i in
¥ year y o v

and I' = service life of asset type 1i.

Q2 o
Foct
n

5.  If there is only one type of asset in the stock:
G = C -. + C + o b » +C . = gcy ..D....AO'... (1)
t t-L+1 t-1+2 t 7 y=t-T+1 |

D =C_ +C_ ; + ses + C =l : Cy o-...d:- (2)
= SA R 5% i y§t7L+1 ak

L L
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If there are k types of assets in the group:

kot i -
Gt = s : Cy ceceecvececccecescces (4)
i y=t-L™+1
m_ k 1 t i
Dt = E Ii i i C R R R RS (5)

£ y=t-L'+1

and the ratio Gt/Dt is seen to be a harmonic mean of 11 - the

service lives of the k asset types - weighted by the stock of
each type of asset.

F. Four assumptions were made in paragraph 3. The first

is merely for presentational convenience. If it is assumed

that capital formation takes place evenly over the year,

awkward adjustment terms are introduced into the equations but

the final result does not change. The second assumption -
straight-line depreciation - is true for all countries except
Japan, Sweden, and Italy. The third assumption - constant
service lives - was shown in Section II above to be valid for

all countries except Germany. The fourth assumption - .
simultaneous exit - appears more troublesome since it was noted

in Section III that most countries do, in fact, use other mortality
functions. It can, however, be shown that the Gt/Dt ratio is

a weighted harmonic mean for a group of asset lives regardless

of the kind of mortality function used.(*)

(*) The author is indebted to the Australian Bureau of
Statistics for noting this point in their comments on
an earlier draft of this paper. A formal proof of this
proposition may be obtained on request to the author.
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- B, - AVERAGE AGE OF A GROUP OF ASSETS

8. The relationship between average service lives and
average ages is relatively straightforward. If a population is
stable because additions (births or gross capital formation)
equal losses (deaths or scrappings), the average age of the
population is the mid-point of the average service life (r),
i.e., average age = L + 1. ‘ ‘

9. In general, of course, stocks of assets are not static;
usually they are growing, although certain types of assets in
certain industries may be declining. In principle, changes in

an asset stock may. occur either because capital formation changes
from year to year, or because of changes in average service lives.
However, it was noted earliexr that, in practice, asset lives are
almost always assumed to be constant, so that here we need only
consider the effect of changes in capital formation. To simplify
matters, it is assumed that gross fixed capital formation grows

at the same rate each year, and that all capital formation takes
place on the first day of the year.

10.  Let A = average age of a group of assets at the end of
a given year, . _
C = gross fixed capital formation in that year,

r = annual rate of increase (+ or -) in gross fixed
capital formation over the previous L years,

L = avérage service life of the group of assets,
calculated by the Gi/Dy ratio discussed above.

11, An arithmetic average of the ages 1 to L weighted by the
assets in each age group can then be written as:

é 0 (14p)~ (3-1)

Atz t=1 ocol‘l.o..ooocooono.o(“')
L
S ¢ (1ex)~ (1)
t=1 .
‘12, Since C is a constant, it disappears from (1) and A, needs
to be solved only for different average service lives I, aﬁd for

rates of growth in capital formation, r. Table B gives the
"~ average ages implied by various plausible service lives and
annual rates of growth (+ or -) in capital formation.

13, Table B can be used to identify the circumstances in

which average ages differ significantly from the mid~points of .

“average service lives, given by the "no growth" line in the table.

The differences are negligible for value of L up to 10 years,

- . even when capital formation is growing or declining by 5% per

- year, but they are quite large when L exceeds 40 years, éeven when
gross capital formaticn is growing at an average of only 2% per

year, Often i% will only be worth using equation (1) %o calcul-

- .ate the average age of an asset sroup for values of L and r rep-
~resented by the shaded area in Table B. In other cases the mid-

~.point of the average service life may provide an adeguate ’
approximation to the average age., ‘
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Average ages of asset groups corresponding to

average service lives and annual growth rates
of gross fixed capital formation

Annual Rate

Average service life (L) of stock of assets
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- during the ‘
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' ) / /’ g g / v
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