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I INTRODUCTION

Estimates of the national capital stock and the associated series of capital
consumption are basic macroeconomic aggregates and are integral
components for many modelling exercises such as calculating potential GDP
and the related measures of Gross Domestic Income and Net Domestic
Product.] Estimates of capital stocks are needed to calculate the contribution
of capital services to the growth of output in growth accounting exercises and
for the calculation of total factor productivity (TFP), (Griliches and Jorgenson,
1967).

The link between productivity growth and investment has received
considerable attention with particular reference to large investments in
housing or assets related to the new economy. While discussion and analysis
continues, there has been a parallel debate about the measurement of capital.
For any given type of asset, there is a flow of productive services from the
cumulative stock of past investments. Capital service estimates follow neatly
from depreciation and net stock volume measures but the Irish National
Income and Expenditure Accounts (NIE) do not currently contain information
on capital stocks. This paper has two aims. First it presents a detailed analysis
of the stocks and depreciation of Irish fixed assets and the capital formation
flows used to derive them. It will apply an improved methodology for
calculating depreciation based on best practice employed for the US National
Income and Product Accounts (NIPA) (Bureau of Economic Analysis, 2003).
Second, using these measures for capital input, a measure of capital services
flow is computed according to a methodology recommended by the OECD for
cross-country comparisons (OECD, 2001).

There are several ways to measure the value of the gross capital stock
(Hulten, 1992; Jorgenson, 1996). One econometric approach hinges on the fact
that capital stock is a basic argument of the production function and can be
estimated indirectly; jointly with the production function itself (Hernandez
and Mauleon, 2005). By far the most common approach is a model-based
approach known as the perpetual inventory method (PIM), pioneered by
Goldsmith (1951). A basic PIM approach involves accumulating past capital
formation and deducting the value of assets that have reached the end of their
productive lives. A third approach can use exact surveys to report the historic
or acquisition values of all assets still in use, by charting the dates at which
they were installed or constructed. A “balance of fixed assets” method lies

I Net domestic product measures the level of consumption that can be maintained while leaving
capital assets intact.
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between the PIM and survey methods and keeps a current quantity record of
the different vintages of assets in the capital stock. Correctly applied, this
method can be seen as the ideal version of the PIM, particularly as actual
information on asset vintages is recorded and does not have to be assumed as
in the conventional case.? For Ireland, we attempt to artificially replicate this
third method by applying a model-based perpetual inventory methodology to
construct a balance sheet of capital stocks adopting non-Irish surveys of
depreciation and service life parameters by detailed asset type.

The quantities and efficiency of assets held are priced according to
detailed price indices. This type of capital stock valuation depends on a
detailed data breakdown by asset type according to the amount of gross fixed
capital formation undertaken in previous years that has usefully survived to
the current period. The asset-type investment cost deflators of the Irish
National Accounts are used in our analysis. Our panel of data runs from 1980
to 2004, with most detailed information by asset type and sector running from
1998 onwards. Starting values for cumulated stocks from Henry (1989) are
available for some asset types but several problems arise. There is left-
censoring where the capital formation data is not sufficiently long to cover the
longest lifespan of any asset in the stock e.g. 90 years approx. The
accumulated or ‘initial’ capital before 1980 would be grossly underestimated if
only investments post 1980 were included. Moreover, some assets became
prominent after 1980 and starting values are necessary specifically for asset
types not provided by Henry (1989). We apply a steady-state growth approach
to estimate starting values where these problems arise.

The next section explains the model methodology. Specifically, it discusses
the valuation principles and definitions of gross and net fixed stocks,
consumption of capital and the theoretical basis of the measurement of capital
stocks and flows. Section III describes the measurement issues and the basic
data requirements for implementing the PIM. We will apply detailed asset-life
parameters to Irish gross fixed capital formation across the specified asset
types imported from the evidence collected by the US Bureau of Economic
Analysis. Sections IV and V present the calculation results for capital stocks
and capital service flows and a final section concludes.

2 This approach was commonly applied in centrally planned economies where enterprises were
required to keep a running inventory of their fixed capital assets, tracking outflows as well as
inflows. The central statistical agency could then obtain a total capital stock figure with a simple
summation.
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II PERPETUAL INVENTORY METHOD AND DEPRECIATION
CONCEPTS

The traditional simple application of the perpetual inventory method
involves the accumulation of investment series but does not prevent its results
being enriched with additional information. An estimate of the gross capital
stock is made by applying a depreciation function to capture the productive
efficiency and age-price profile of the assets. A realistic retirement pattern for
assets is constructed using an asset mortality function. The estimations based
on the PIM distinguish between two measurements of capital stock: gross and
net.

Following Berndt (1991, pp. 227-229), let I;;_; be the net real investment
of asset type i by a household, firm or government in time ¢ — j; and K;; be the
amount of all investment surviving to time ¢, then

Ky = eply D

where e;;is the survival rate (depending on when the investment took place i.e.
asset vintage j) or also called the efficiency rate for all investment to time
period t. The aggregate capital stock at the end of the period ¢ is the sum over
all assets of Equation (1) and is denoted

L L
K=> Ky= > e, (2)
J=0 Jj=0
where i is an individual asset and L is the assumed number of years for which
it will be productive.

The survival rate ej;, representing the life pattern of the specific asset
raises the first important empirical issue. The survival rates have also been
called relative efficiencies in the literature on this topic. The survival rate of
new investment can be normalised at unity such that that relative efficiency
is assumed to be non-decreasing i.e. asset start life at full efficiency e; = 1 and
e;—e; 1 20(=0,1,2...). We also assume that relative efficiency eventually
approaches zero, lim e; =0 as { — .

There are at least four age-efficiency profiles referred to in the literature.
A constant age-efficiency with no decline in efficiency until the asset is retired
(a “one-hoss shay” pattern) assumes that the same amount of service is
provided during each time period, such that

,¢t=0,1,2,..,L—1

0, otherwise



MEASURING IRISH CAPITAL 29

where L is the lifetime after which the asset expires or is scrapped.

Second, the age-efficiency decline may be determined as a constant
amount each year (linear or straight line pattern) over the lifetime of the
asset, then

t
1- —¢=0,1,2,.... L—1
_{ L
t

0, otherwise

Third, age-efficiency can be deemed to be falling hyperbolically (slowly at
first and at an increasing rate towards the end of the asset’s life) but at a
constant exponential rate each year, say d per cent. This implies that deprecia-
tion will follow a geometric decline.

e=(1-9,t=0,1,2, ..., L

With a geometric pattern, the rate of depreciation 9 depends only on the
declining-balance rate and the asset’s service life L. When the expected
lifetime expression is substituted into Equation (2), the aggregate stock at
time period ¢, base is

L L
K=> K j+>0- I (3)
= =0

In practice, we cannot go back to the date at which investment first took
place as this would involve an infinite number of past investment flows for an
economy. Equation (3) must be replaced by the following expression:

t-1

K=(1-tK+> 1-L )
i=0

where K; is an initial or starting value for the gross capital stock.

By extension, the capital stock obtained at the end of any period is the
opening capital stock for the following period. The stock of capital in each
sector is then equal to a efficiency-corrected sum of all past capital formation
flows. Equation (4) is the detailed formulation of the perpetual inventory
method taking vintage and asset life into account and one which is used in our
calculations below.

The treatment of scrappage value must also be decided i.e. the net value
of an asset (scrappage minus demolition costs) when asset life expires. In line
with Hulten and Wykoff (1981), it is assumed in our analysis below that the
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net value of an asset retired from service is on average zero such that the
asset-specific depreciation estimates reflect both efficiency declines and
retirements.

Ideally, information on usage of assets would be available so that the
present value of expected capital service flows for existing assets can be
updated over the remaining service life of an asset. However, in the absence of
such information, the assumed age-price profile has to estimate the change in
the market value of an asset (of a particular age) from one accounting period
to the next (assuming the price level is stable). The OECD (2001) showed how
the age-price profile in turn depends on assuming a plausible age-efficiency
profile, as discussed above, where there is a direct correspondence between
efficiency patterns and the depreciation method applied. The geometric
depreciation method was shown to have the highest coincidence of value and
efficiency declines over time.

Standard Efficiency Units
Different vintages of capital assets are accounted for according to the simple
extension of the geometric calculation

d;=a.(1 - ay-1 ®)

where j is the age of the asset. All gross fixed capital formation is assumed to
be “as new” so that the vintage composition of the capital stock is determined
according to the first year the investment was undertaken. The efficiency
value is adjusted according to the composite vintage in Equation (4), which is
centred on the constant geometric depreciation rate appropriate to the asset in
question. The total capital stock represents the efficiency-adjusted volume of
all productive assets available in an economy and is considered to be the
volume of capital available for the productive process at time ¢ when it may be
used in the economic system. The principle is that the economic productivity
of goods that remain in the net stock should be held constant.

Caveats: Weaknesses of the PIM

There are two main weaknesses identified with the use of PIM model: one
is deficiencies due to data inputs and another is the weakness in the
assumptions underlying the methodology. First, no Irish information exists
regarding transactions in used assets. This causes potentially distorting
effects on a number of levels. Where no information exists on the disposals of
assets, the capital acquisition figures have to be used to represent the net
additions to the capital stock. This is particularly the case for the government
sector where very limited capital information exists. Second, the price
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differential between new and second-hand fixed assets are generally excluded
from the construction of price indices. These are only accounted for in so far as
gross fixed capital formation data has been assembled for National Accounts
purposes. We can only attempt to overcome some of the data weaknesses by
employing the most detailed gross fixed capital formation figures at the asset
level rather than at the whole economy level.

Third, according to the Bureau of Economic Analysis (BEA), capital
consumption in the US National Income and Product Accounts (NIPAs) is the
outlay required to keep the ‘capital stock intact’. This notion, while quite
intuitive, has generated a surprising amount of controversy in the literature
on capital measurement. At the risk of oversimplifying the debate, the issue is
whether any positive change in an asset value should be included as a net
deduction from the consumption of fixed capital. The 1993 System of National
Accounts (SNA)3 recommends the construction of a revaluation account —
separate from the measurement of capital consumption allowances — that
records the gain or loss in value that “... accrue[s] purely as a result of holding
assets over time without transforming them in any way” (Section 12.67).
These competing interpretations of what it means to hold capital intact date
back at least to the debate between Hayek (1941), Pigou (1941), and Hicks
(1942). Economists have yet to settle this issue.

This paper does not attempt to make any estimates of net appreciation or
after-purchase revaluation. This debate could be significant in the Irish case
where investment in dwellings makes a major contribution to the Irish capital
stock. The PIM convention is to deflate an asset series according to an
investment (cost) price deflator and not a market index such as the house price
index. The investment price deflator is driven by the materials and wages cost
of building and construction and does not represent the land cost element of
the housing stock. In this way, the ‘replaced investment cost’ of the dwellings
capital stock does not represent the significant appreciation in house price-
driven wealth witnessed over the period.

IIT DATA, MEASUREMENT AND VALUATION METHOD

Data

The basic ingredient for the application of the perpetual inventory method
is the gross fixed capital formation information provided by the Irish NIE
accounts (Central Statistics Office (CSO), 2005). Details of capital assets in

3 The SNA are a comprehensive set of macroeconomic accounts prepared jointly by the World
Bank, the International Monetary Fund, the OECD, the Commission of the KEuropean
Communities, and the United Nations.
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industry are available on a quarterly basis by detailed asset type since 1998
(CSO, 2005). The annual Public Capital Programme gives some details on
annual public expenditure on capital, which was used to account for
government investment in machinery and equipment (Department of Finance,
2005).

Table 1: Asset Types by Sector for the Study Period 1980 to 2004 Inclusive

i; Asset types s: Sectors t: Years
New Dwellings Households 1980
Home improvements Industry (incl. Agriculture)

Roads Government (Local and Central)

Building and Construction

Transport equipment

Agricultural machinery

Other machinery and equipment

Software

Exploration

Artistic Originals 2004

Our estimation exercise is comparable to that performed by Jacob, Sharma
and Grabowski (1997) where our aim is to obtain estimates by asset type
rather than by industrial activity as per Table 1. The current price data for
each year are assembled for the period 1970-2004. The CSO National
Accounts’ represent the control totals for GFCF by the total economy fixed
capital (NIE Table 15). Together with sectoral data (NIE Table 16), household
consumption (NIE Table 13) and Government Gross Physical Capital
Formation (NIE Table 25), the sector and asset subdivisions are made in
Table 2.

Starting Values

A benchmark figure for the year just prior to the year when our
investment series begins is needed. The issue of starting values is a
contentious one and we are not alone in having to look for a compromise
solution where starting values are not available. For instance, Hofman (1992)
constructs manufacturing capital stock estimates for several Latin American
countries and Ball et al. (1993) had to artificially construct values under the
assumption that capital stock was zero in the year 1940 and that gross
investments grew linearly from that date to its observed current level.

Starting values for some categories of Irish assets are available from
Henry (1989) but as historical information, particularly for capital stock held
by the government sector, is not available at a detailed asset-type level, we opt
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Table 2: Decomposition of Gross Fixed Capital Formation (NIE Table 15) by

Asset Type
Households Firms Government Total
Dwellings: Purchases Vf(DoE) (DoE)
Home NIE Table 15
Improvements V““‘(DOE) J(DoE) J (NIE 25)a
Roads J(NTE25) NIE Table 15
Other Building &

Constructionb J(CIP: 2/3) J(PCP: 1/3) NIE Table 15
Consumer Durables JINTE13) NIE Table 13
Transport equipment J(NIE13) J(Resid) J(NIE25)c NIE Table 15
Agricultural machinery Q(NIEIE)) NIE Table 15
Other machinery &

equipment J(CIP&Resid) ((NIE25)c NIE Table 15
Software J(Resid) J(1996 share)d NIE Table 15
Exploration J(CIP)e J(Resid) NIE Table 15
Artistic Originals J(NIE15) NIE Table 15
Notes:

a Details on the breakdown of investment in dwellings by purchases and home improvements only
became available from 1995 onwards. A combined series for both government and private
investment in dwellings is also available.

b Despite compiling detailed information from the various years’ Public Capital Programme and
investment by firms in structures (from the Census of Industrial Production), the combined
figure did not equal the total given by NIE Table 15. The ratio of government to industry
investment in building and construction was on average two-thirds industry, one-third
government. In line with Henry (1989) and Vaughan (1980), it was necessary to ‘scale up’ the
results to match the CSO annual control totals. The two-to-one ratio is maintained.
Capital formation by government in vehicles and machinery and equipment is combined in NIE
Table 25. After consulting the Government PCPs it was necessary to impose the restriction that
government investment in both asset types did not exceed the value shown in NIE 25. In most
cases, the capital formation figure had to be scaled up to reach the desired control total.
d From 1996 onwards, an internal CSO estimate of government investment in software was given
as €13.7 million in 1996 [Personal Communication: Mark Davis, CSO February 2006]. The
series for government software investment was extended forward using the 1996 share of total
investment in software. The following depreciation treatment of software investment was
treated identically for firms and government in our analysis despite this arbitrary allocation of
total software investment across sectors.

From 1996 onwards, it was assumed that industry investment in exploration was conducted

fully by industries classified as NACE 10-14 (Mining and Quarrying). The CSO data series

Capital Flows in Industry (available from 1996 onwards) is the industry data employed here. It

is assumed that all remaining capital formation represents that conducted by Government

(State and Semi-State Bodies).

)

3

for a “steady-state growth approach” on accumulated investment (Fuente and
Domenech, 2002, p. 47). Neoclassical growth theory suggests that investment
and capital grow at the same rate in the steady state. The growth rate of the
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capital stock can be expressed as

:7Kt+1_Kt :_a+I_t

K
87K K,

t

Thus the end value capital stock for the period (¢t =1970-1979) can be
calculated as investment in the period divided by the sum of the depreciation
rate and the growth rate of the capital stock over the period:

1y

K, =
"a+gk

The figures for the 1970s are not shown in the tables as this “start-up
period” allows the starting values to become less significant as effects of new
investment grow larger. The question arises as to why this method was not
employed for all starting values. The oil shocks of the 1970s destabilised the
economy and rendered some forms of capital stock redundant. This raises
some specific concerns with the use of the steady-state assumption about this
period. A number of deficiencies were found with the available Henry starting
values. Transport equipment (and its agricultural component in particular)
appear to have been substantially overvalued by Henry (1980). Other
machinery and equipment were significantly understated by Henry compared
with the steady state growth method such that the Henry starting value had
to be scaled by a factor of two, in line with the methodology of Vaughan (1980).
The opening value for roads on the other hand was found to be very plausible
and very close to the value that would be derived under the steady-state
calculation. The components of the housing stock, on the other hand, were not
particularly detailed in the Henry estimated capital stocks but proved much
more sensitive to the choice of the deflator than opening value assumed.

Measurement

There are at least three reasons why the perfect economic environment
does not exist with regard to capital assets. An economic downturn could lead
to voluntary and compulsory liquidations and premature scrappage of assets.
A second phenomenon that undermines the reliability of PIM is rapid
technological change. Being unpredictable, technological change leads to
scrapping of fixed assets earlier than would otherwise have been expected
when an investment was undertaken. Third, depreciation allowances have
been used by government as a tool to encourage capital investment.
Investment schemes often allow assets to be written off for tax purposes by
firms in a preferential manner, often while still in use and long before their
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useful lives are over. These phenomena cannot be tackled directly but our
cursory application of an asset life distribution, in a statistical sense, is
intended to lessen the effects of these indirect economic effects.

Using a pioneering approach developed by Hall (1971), many studies have
reported that depreciation is best captured by a geometric rate; “... while
depreciation is almost certainly not geometric, the geometric form fits a
reasonable approximation” (Hall, 1971).4 This assumption implies that the
rate of depreciation may be treated as an exogenous variable, independent of
economic forces (Nelson and Caputo, 1997). The dissenters cited the 1970
energy shocks as major events, which increased the rate of obsolescence and
systematically changed the age-price profile. Fraumeni (1997) suggests that a
non-geometric depreciation rate should be used for computer equipment with
most of the rest of the BEA series using the geometric rate.?

Depreciation Rates

Most empirical studies of economic depreciation have relied on US data for
used assets, where retirement, efficiency and service-life profiles of detailed
asset types are provided by the US Commerce Department’s Bureau of
Economic Analysis (BEA) for U.S. NIPA purposes. Evidence on economic
depreciation is notoriously hard to obtain and the BEA rely on cross-sectional
studies of used asset prices, notably those of Charles Hulten and Frank Wykoff
(1981). These estimates have not been adjusted for quality (wealth and
economic depreciation are not differentiated).

Asset Lives

A lack of knowledge about asset lives is one of the principal problems in
the application of the perpetual inventory method. Statistical agencies have
always found it reasonably easy to collect figures for capital expenditure from
industry but problems arise when obtaining accurate and current information
on the life span of different classes of asset. A simple PIM approach could
assume fixed life spans for assets within the ideal situation of a totally stable

4 Some assets which have retired from useful life and will never be replaced and thus will not have
data available from the second-hand market — a censoring problem. Hulten and Wykoff (1981)
suggest multiplying market data by the probability of survival to correct for this form of bias.
Another misrepresentation occurs when poorer quality assets (lemons’) are over-represented in
the market data relative to their share of the aggregate stock (Akerlof, 1970). Another form of bias
is that heavily-used assets will need to be replaced more often than the replacement of the same
asset used less intensively. Therefore, market data need to scale for usage patterns.

5 She also suggests that a straight-line depreciation method is appropriate for missiles and
nuclear fuel rods, but unfortunately the Irish requirement for depreciation of these assets does not
allow us to apply this particular schedule!
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Table 3: Applicable BEA Rates of Depreciation by Asset Type j and Sector s

Rate of Depreciation Sector
Asset Type Households Industry Government
Dwellings 0.0114 - 0.0114
Private Home Improvements

(alterations and additions) 0.0227 - 0.0227
Roads - - 0.0202
Non-Dwelling Construction - 0.0314 0.0182
Consumer Durables 0.1375 - -
Transport equipment 0.1650 0.2500 0.0990
Agricultural Machinery - 0.1179 -
Other Machinery and Equipment — 0.1650 0.1179
Software - 0.5500 0.5500
Exploration - 0.0413 0.0237
Artistic Originals 0.0152

Source: Bureau of Economic Analysis (BEA) (2003).

economy, limited technological change and accurate initial lifespans for assets.
This easy-to-implement ‘simultaneous exit’ approach was assumed by Henry
(1989). However, industrial equipment is an example with considerable
variability regarding asset life. With heavy usage of machinery and
equipment, it may need to be modernised often.

Our study imports the average lives used in the following estimations:
Henry (1989); Bureau of Economic Analysis (BEA) of the USA; OECD (2001);
Mas et al (2000) and Munnell (1990) in his estimation of public capital in the
US. Future work could account for the maximum lives permitted for taxation
purposes in Irish company tax, but many countries derive these from their
estimations of average lives. There are notable differences in average lives
among the above mentioned sources. There seems to be agreement on the
reduction of life expectancy since the oil shocks of the 1970s due to faster
obsolescence. This process has been intensely observed in the case of
computer-centred technology in the machinery and equipment asset category
but neither is it non-negligible in the building and construction categories.
Table 4 summarises the average years of life used in this estimation of capital
stock for the Irish economy.

An upward revision to the service life of a particular asset increases the
share of that asset in the total stock and compounds the effect of an incorrect
starting value. The effect of errors in the average service lives used in the PIM
can be gauged through sensitivity analyses by running the PIM model with
alternative estimates of service lives. A first place to start would be to run with
alternative estimates of service lives used by the different statistical agencies.
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Table 4: Asset Lives Used in This Study

Asset Type Years Ref:
Dwellings 80 Henry
Government New Houses 60 OECD
Local Authority Home Improvements 40 OECD
Private New Dwellings 80 OECD
Private Home Improvements 40 OECD
Roads 45 OECD
(Henry indefinite!)
Non-Dwelling Construction 57.5 Henry
Building and Construction: Industry 65 Henry
Government 50 Mas
Transport Equipment 20 BEA
Households 15 OECD
Industry 20 OECD
Government 25 BEA
Other Machinery and Equipment 10 BEA
Industry 10 BEA
Government 20 BEA
Agricultural Machinery 15 Henry
Software 5 ONS
Industry 5 ONS
Government 5 ONS
Exploration 40 BEA
Industry 40 BEA
Government 40 BEA
Artistic Originals 20 Own

Note: average age of the gross capital stock will be produced as a by-product of the model. Average
age is the age of past year’s gross fixed capital formation weighted by their proportions of the gross
stock, assuming a mid-year purchase.

For instance, the UK Office for National Statistics (UK ONS) has depreciation
rates for housing corresponding to an asset life of approximately 100 years, as
expected from typical leasehold contracts common in the UK. A separate
review of the PIM was conducted for the UK ONS by the National Institute for
Economic and Social Research (NIESR) in 1993 which made several
recommendations about the life-lengths of computers and numerically-
controlled machinery with robotic parts. Following from this study, the UK
ONS adopted a life-length of 5 years for computers that is likewise applied to
software in our study.

Using shorter service lives reduces the level of the stocks. Increasing all
service lives by 50 per cent increases the net stock levels by up to 40 per cent
in our case. A sensitivity study conducted by Statistics Canada of minor
changes of +10 per cent of their assumed service lives suggested that stock
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levels may have error margins of £8 per cent. Further, an upward revision to
a faster (slower) growing component of the stock will raise (lower) the growth
rate of the capital stock as a whole.

Investment Deflators

Price indices are required for the measurement of capital stocks as these
convert all expenditure and costs of capital goods that occur in different
periods to a similar monetary unit so that they can be aggregated to ascertain
a time independent level of the capital stock. In PIM this is achieved by
deflating current price gross capital formation flows to constant prices before
determining retirements and depreciation. We use the investment price
indices used in the NIE accounts (2003=100).

The limitations of the existing formula, in particular that it is subject to
‘substitution bias’ or a ‘quality bias’ over time, is generally understood. Hwang
(1996) is critical of a single price function as it does not represent the rate of
economic depreciation and inflation which are separate processes. Computers,
for instance, are subject to fast technological improvements that are difficult
to capture and are generally ignored with no attempt made to capture quality
change (Whelan, 2002). Our application of PIM uses a long run constant price
time series of investment data classified in as much detail as possible. These
limitations will be addressed by future work that introduces chain-linked
indices, which are generally not subject to such biases.

Valuation Method

The valuation of the stock of capital assets defines an economy’s wealth in
its broadest sense. The capital stock excludes financial wealth owned by
households, firms and government but includes the stock of consumer durable
goods and is thus regarded as the stock of tangible assets.6 We estimate the
capital stock in 2003 prices using Equation (4) per detailed asset type adjusted
for vintage. Data limitations will mean that assets will remain within the
sector that purchased them.

Equation (5) does not preclude the possibility that an asset survives longer
than its expected lifetime or average life. One of the shortcomings of the PIM
is that it introduces a relatively high degree of uncertainty if the retirement
or scrapping pattern of capital assets by user sector has not been determined.
There are several options for mortality functions as shown in Table 1.

There are good arguments for using either a truncated normal distribution
for service lives or a left-skewed gamma distribution; not least because the

6 Some studies have attempted to expand the definition of the capital stock to include human
capital and land.
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Table 5: Official Retirement Functions Used in PIM Calculations”

Country Mortality Function

Australia Bell-shaped

Germany Bell-shaped. Left skewed gamma distribution
Japan Simultaneous exit

United Kingdom Delayed linear retirements spread 20 per cent of assumed
average service lives.

United States Bell-shaped. Retirements spread over 55 per cent of assumed
average service lives.

strongest proponent of the former (the US Bureau of Labour and the Bureau
of Economic Analysis) and the latter (the German Statistics Office) both
conducted large-scale studies and determined their respective method best
fitted their economic conditions. In Ireland’s case we have no empirical data
on scrapping patterns.

For our analysis, in line with the UK Office of National Statistics, a
simplified mortality function is applied where a delayed linear retirement of
20 per cent of the assumed average service life of the asset is assumed.
Premature scrapping is not modelled as the gross fixed capital formation data
flow 1is, in most cases, net of capital disposal.

IV CAPITAL STOCK ESTIMATES

Tables of estimated stock series by detailed asset type across each of the
three main asset holders of households, firms and government for the years
1980 — 2004 are shown in the appendix. The following three graphs show the
development in the detailed asset net capital stocks for each of the sectors.

As shown in Figure 1la, the change of pace in housing investment is
obvious from 1998 onwards with new dwellings more important than the stock
of home improvements. It is important to distinguish these two types of
investment as they have different rates of depreciation and the asset life
length for home improvements is considerably shorter than the investment in
new dwellings. The figures show a significant increase in the rate of
investment in transport equipment from 1996 onwards with the highest ever
year-on-year growth for 2000 perhaps reflecting the ‘00" number plate
phenomenon. The stock of consumer durables has increased steadily with
general economic growth with a notable acceleration in spending on durables
since the mid-1990s.

7 Taken from OECD (1991) Statistics Directorate.
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Figure 1a: Net Capital Stocks Held by Households 1980-2004 (€ million, 2003
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The most significant pattern arising from our estimation of stocks held by
the industrial sector (Figure 1b) relates to the significant reduction in
transport equipment held between 1990 and 1998. The starting value for this
series was Henry (1989) scaled by a factor of three according to the
methodology recommended by Vaughan (1980). In nominal terms, the Census
of Industrial Production reports that net acquisitions of plant and vehicles
remained steady from 1990 to 1994 (total transport equipment investment fell
in real terms during this period) but this was not enough to maintain the
consumption of capital derived from these assets as shown by the depreciation
calculations for this sector.

Figure 1c shows that the capital stock of roads (owned wholly by the public
sector) has increased over the period. A higher depreciation rate than the BEA
rate of 0.0202 for roads may be more appropriate for Irish geographical and
topological conditions. Also evident from Figure 1c are the effects of public
investment in infrastructure arising from substantial EU Structural Co-
Funding, particularly in public transport equipment and building and
construction.

The annual consumption of fixed capital is defined as the calculated
depreciation on the gross capital stock plus the depreciation amount on a
share of the new capital formation flow. Capital consumption measure is such
that the productive efficiency of the asset base is held stable (as per vintage



MEASURING IRISH CAPITAL 41

Figure 1b: Net Capital Stocks Held by Firms 1980-2004
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Figure 1c: Net Capital Stocks Held by Government 1980-2004 (€ million, 2003
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and the assumed age-efficiency profile). The method relies on a strict
consistency between the age-efficiency profiles and consumption of fixed
capital. Prices usually decline quite rapidly in the early years of an asset’s life
and as such capital services estimates are sensitive to the choice of deflator
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particularly in fast evolving high-technology asset stocks. Nonetheless, we
find that the productive efficiency of software can also be captured by a
geometric declining balance depreciation. For this reason, assumptions about
age-efficiency functions and choices of rates of (rental) return are very
significant and, in themselves, are least sensitive to the geometric
assumption. The net stock of assets is thus measured in ‘standard efficiency
units’ approximating the marginal productivity of the different types of assets.

While we have imported appropriate depreciation rates and asset service-
lives from international sources, Figure 2 shows the average capital
consumption rate dependent on the composition and vintage of our asset mix.
These time-varying average depreciation rates can be used for macro-
modelling purposes. For total capital stock, the depreciation rate has declined
rapidly between 1980 and 1995 but the rate of decline has levelled off in the
last 10 years and stands at close to 3 per cent at present. This corresponds to
an average lifetime of the capital stock of around 32.5 years, which is quite
high compared with international estimates due to the high proportion of long-
life housing in the current Irish capital stock. As expected, depreciation rates
for housing assets are lower than for non-housing assets because of the higher
average lifetime of construction assets. An interesting pattern emerges within
the construction asset type. Housing depreciation rates are relatively stable
over the period at a rate of between 2 and 3 per cent. On the other hand, the
recent boom in the construction sector is reflected by the capital stock which
is increasing at a much faster rate than the consumption of non-housing
construction capital which leads to a consistent decline in the average rate of
depreciation within this sector. At present, the depreciation rate is relatively
close to zero at 0.42 per cent but can be expected to asymptote towards zero if
the rate of construction investment continues to the end of the decade and
beyond.

For non-construction, the depreciation rates are significantly higher. They
are broadly constant for Transport and Other Machinery, Software and
Equipment and other assets such as Exploration, until the mid 1990s at
around 12 per cent. This corresponds with an average lifetime of less than 12
years, reflecting to a large extent the fact that software depreciates more
quickly than other assets. Figure 2 also suggests that the average rate of
depreciation for housing has increased gradually from 1.85 per cent in 1980 to
2.43 per cent for 2004. This is as precise an estimate as possible as it accounts
for the difference between new dwelling construction and the considerable
recent investment in home improvements, which has a higher depreciation
rate and a shorter asset life.

Since detailed Irish survey data about the age-efficiency and age-price
profiles of fixed assets do not exist, the perpetual inventory method applied
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Figure 2: Average Capital Consumption Rates for Total, Housing and Non-
Housing Capital Stocks
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above is limited to estimating the capital stock at constant not current prices.
By accounting for investment ‘vintages’, we account for the age profile of
capital services and produce stocks measured in standard efficiency units. The
net results give our best estimate of the result of combining average asset
service lives, some leeway on asset mortality and retirement, a detailed age-
efficiency profile and the corresponding age-price profile.

The valuation of the capital stock in an economy is the main component of
an economy’s wealth whereby price variations in assets represent a significant
wealth effect for their owners (not captured here as capital formation deflators
not asset price indices are used). Using simple net or gross capital stock
presents the problem that neither reflects the productive efficiency of the
capital. In calculating the net or gross capital stock, each asset in the stock is
weighted by its market value. This implies that two assets of the same market
value (having controlled for vintage) are assumed to make an equal
contribution to production. The next section will refine the aggregation of
capital flows so that the weights used are not market values but the marginal
capital productivity of each asset type.

V CAPITAL SERVICES ESTIMATION

For many macroeconomic purposes, such as the study of productivity or
the assessment of capacity utilisation, we need measures of the level and
growth rate of the productive services that the capital stock is capable of
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providing. Aggregate supply calculations depend crucially on the volume of
productive services provided by the capital stock (Oulton, 2001). Capital stock
estimates derived above are measures of wealth estimated in “standard
efficiency units” i.e. as a weighted sum of past investments by asset type with
weights given by the relative efficiencies of capital goods at different ages,
defined by when the investment took place.8 However, economic theory
suggests that the wealth concept of capital is not appropriate for a production
function or for a measure of capacity utilisation. For capital services
estimation, it must be recognised that an asset with a shorter life-length must
generate its contribution to production at a faster rate than an asset with a
longer life to recoup the initial investment. This section derives a concept of
aggregate capital that is known as the volume index of capital services (VICS),
which answers the theoretical need for an aggregate and asset-detailed
measure of capital services.

Griliches and Jorgenson (1967) in their seminal growth accounting study
were the first to develop aggregate capital service measures to take the
heterogeneity of assets into account. They defined the flow of quantities of
capital services individually for each type of asset, and then applied asset-
specific user costs as weights to aggregate across services from the different
types of assets. Rental rates are prices for capital services. Under competitive
markets and equilibrium conditions, these prices reflect the marginal
productivity of the different assets. Marginal productivity weights thus
provide a means to effectively account for the contribution of different types of
investments to output but cannot be used until details of net capital stock by
asset type are available. The more disaggregated the asset detail of the capital
stock, the more precise capital services measurement can be. The flow of
capital services for each asset type is assumed to be proportional to its stock
at a point in time.

The main difference between the VICS and wealth measures of capital is
the way in which different types of assets are aggregated together. In the
VICS, each item of capital is weighted by its rental price which measures the
value of an asset’s capital service or more precisely the flow of rentals that it
is expected to earn during its lifetime. By contrast, in wealth measures of the
capital stock each item is weighted by the asset price (i.e. the price at which it
could be sold to another user) (Oulton, 2001). For two assets of the same
original value but with different service lives, the shorter-lived asset will have
a higher rental value because it will depreciate more rapidly. The owner must

8 An important implicit assumption made was that the services by assets of different vintages are
perfect substitutes for each other.
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recoup the initial outlay on the short-lived asset over a shorter period than in
the case of the longer-lived asset. The practical implication of this is that
assets with high rental prices will have a higher weight in the VICS measure
compared with a wealth measure of capital. Likewise, if the stock of low rental
rate assets (such as housing) was growing more rapidly than the gross or net
stock, the VICS measure will report lower growth rates than the gross or net
stock.

In equilibrium, an investor is indifferent between two alternatives:
earning a nominal rate of return, r, on a different investment (q) or buying a
unit of capital, collecting a rental p and then selling the depreciated asset in
the next period. In the absence of taxation the equilibrium condition therefore
1s (Jorgenson and Stiroh, 2000 p. 192):

A+ u) . pign =T+ (1 =9) . Py ©)

where u; is the user cost (discount rate), r;; the asset-specific rental fee and p;
the acquisition price of investment good i. For simplicity it is assumed that the
rentals are received at the end of the year. The marginal benefit from holding
an asset is the real implicit rental return r;, while the marginal cost is the
user cost of capital u,. Rearranging the familiar cost-of-capital equation, we
make use of the fact that there is a relationship between the (usually
unobserved) rental price and the corresponding (observed) asset price. 9;; is the
relevant depreciation rate per asset, p is the price index of a new investment
good, and the last term is the change in the price of an asset from periods -1
to ¢ (the nominal holding gain):

Tit = Die1) Y T 9; - Die-1) — [Pit — Pi -1) (7

Equation (7) shows that the asset-specific rental fee is determined by the
nominal rate of return, the rate of depreciation and the asset-specific capital
gain. In the case of computers, the price of new computers is falling; so
holding them incurs a capital loss, which increases the rental price (Whelan,
2000). By contrast, the asset revaluation term is taken from the investment
price indices and the rate of depreciation is the rate used in the construction
of the capital stock estimates. The sum of rental payments for all assets is
equal to the total capital compensation or capital services flow.

9 By rearranging Equation (7) the rate of depreciation, due to the geometric form assumed, is the
proportional difference between the price of a new asset and the price of an asset that is one period
old.
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A single volume index of capital services (VICS) for the whole economy can
be compiled in a number of steps. The first step is to estimate the user cost of
capital u;, which is used to represent the discount rate or opportunity cost of
undertaking investment at a point in time. The user cost of capital is derived
from the standard equation relating the value of all assets to the discounted
flow of rentals expected over an asset’s lifetime (Equation (6)).

Because rents generated by an asset are received over several years, they
have to be discounted in calculating the value of an asset at a point in time.
The rental rate expected in future periods are discounted using a user cost of
capital rate, which can be approximated in either of two ways. With the
opportunity cost or ex-ante method some external rate of return is used, e.g.
the Central Bank base interest rate. The second approach is the residual or ex-
post method. This method estimates an internal rate of return as a residual
given the value of capital compensation from the National Accounts,
depreciation and the capital gains. In this case the National Accounts
information is taken from the production and generation of income table (NIE
Table 1).10 The method obtains net operating surplus from the production
table (value added at factor cost) of the National Accounts by deducting
compensation of employees from net value added. The attractive property of
the ex-post approach is that it ensures complete consistency between income
and production accounts but it requires that the underlying production
function exhibit constant returns to scale, that markets are competitive and
that the expected rate of return equals the realised (ex-post) rate of return.

Capital income (NVAK) is defined as net value added less compensation of
employees and since we know the rate of depreciation the rate of return is

NVAK

= ®)
pid; - ;- prDIK

Ut

where K is the real stock and pK is the nominal wealth stock 1.e. the market
value of the capital stock. d; is the average annual capital consumption (total
depreciation) for all assets. In other words, the numerator in Equation (8) is
the portion of net value added to remunerate capital and the denominator is
the current net capital stock. The calculation above derives a single nominal
rate of return for the entire economy based on the simple sum of capital stocks
and thus assumes that the rate of return is the same for all assets in an

10 In the two of the few published capital services calculations, the US BLS and the Australian
ABS use the ex-post approach.
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industry.l! Figure 3 plots the development between 1980 and 2004 of together
with operating surplus to remunerate capital in the economy. It is obvious that
the capital income rate drives the user cost of capital.

Figure 3: Ex-post User Cost of Capital (u) and Operating Surplus (NVA-
Labour Cost)
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Two caveats with this method of calculating the ex-post user cost of capital
should be noted. One arises because net value added includes mixed income as
well as operating surplus and compensation of employees. Mixed income
includes the labour income attributable to the self-employed. This element
could be artificially controlled for if it could be assumed that the self-employed
receive similar rates of compensation as those earned by employees in similar
jobs or by assuming that non-incorporated businesses (e.g. sole traders) earn
similar rates of return on their investments as those earned by companies in
similar activities. Such an adjustment is not made here on the basis that it can
be assumed that most self-employed individuals reinvest a substantial portion
of their earnings back into their businesses.

11 The ex-post approach using the actual operating surplus data for Ireland could be criticised on
the grounds of the transfer-pricing problem. A large part of the surplus could be tax driven and
may not represent the return on capital employed in Ireland. One way of dealing with this could
be to use the operating surplus net of total profit repatriations but this proved too extreme, as it
excluded all the return on the substantial real capital stock held by multinationals. Honohan
(1992) attempted to overcome this problem by establishing ‘true’ operating surplus using foreign
data on rates of return in the relevant industries. This correction might be justified if the sectoral
coverage in this paper were broader than the three sectors of households, industry and
government.
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The second step in deriving the capital services measure is to calculate the
individual rental rates of return (Equation 7) for every asset for every year,
using u; shown above in Figure 2. In an ideal situation, taxes should be
included to account for differences in tax treatment of the different asset types
and different sectors (i.e. the different fiscal and legal treatment of household,
firms and government) (see Jorgenson and Yun, 1991). However, this
refinement would require data on capital tax allowances by asset, legal entity
and time which is beyond the scope of this study.

Marginal Productivities of Irish Capital Assets

The choice of aggregation weights is crucial because prices and quantities
of different types of capital goods evolve at very different rates. This is, for
example, the case when there is relatively rapid quality change of one type
asset compared to others. Aggregation of assets by way of flow of investment
(purchase prices) will generate a serious bias in the capital input measures
because purchase prices will inadequately approximate the marginal
productivity of assets!?2 that constitute the appropriate weights for
aggregation of capital services.

Rental rates, calculated according to Equation (7), are designed to
measure the marginal productivity of assets. Rental rates as calculated in
Table 6 are net of the effect of quality and price changes (nominal capital gains
and losses). Rapid negative price changes or large rates of depreciation will
imply large rental rate costs. The rental rate is the gross rate of return that
an asset must yield per year. Under an assumption of product maximisation
and market competitiveness, these rental rates approximate the elasticity of
output to the volume of capital services inputting into the production process.

Negative rental rates for capital can appear when the investment deflators
(capturing the nominal price gain) that have shown large increases due to
inflation, while the user cost remained low. These deflators are based on
investment costs and are for the large part driven by wage trends that are, in
turn, reflective of general price inflation.

The results in Table 6 show that rental rates for capital assets have been
increasing over time with some assets increasing faster than others. The
rental rate for structures still remains below that required for short-lived
assets such as equipment and software. There has been a doubling of the
rental rate for dwellings between every 5 year interval. Negative rental rates

12 For firms to maximise profits, the services produced by an asset are its marginal revenue
product (marginal productivity) times the stock of the asset. Suppose that firms can rent in each
type of capital by paying a rental price per period. Optimisation behaviour implies that the rental
price must be equated with the marginal productivity of the asset.
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do not feature during the recent and ongoing property price boom as the
derived user cost of capital is sufficiently large enough to cover the nominal
price gains. However, the expectation that a property price boom will cease at
some point leads to some uncertainty over the realisation of these capital
gains and may lead to negative rental rates in the future.

Volume Index of Capital Services (VICS)

The capital services estimate will be a superior capital measure (over
capital stocks) for growth accounting exercises because the aggregate measure
of capital has weighted contributions according to the volume share and
contribution of different capital types to the total capital effort. The volume of
capital services is calculated by an index aggregating the growth in the stock
of individual asset (volumes) using appropriate marginal productivity (rental
rate) weights. In this way, the growth of the VICS is a weighted average of the
growth rates in the stocks but in this case the weights are the shares of the
value of total capital services. The value of the services provided by the stock
of a particular asset is the rental price (Table 6) times the net stock (Appendix
Table 2).

The short life-length of particular assets such as software (5 years) and
machinery and equipment (15 years) mean that these assets play a greater
role in aggregate services than longer life assets such as dwellings.
Nonetheless, dwellings currently make up the largest share of all investment
when weighted in value terms. An aggregation based on rental rate weights
will give more weight to assets with relatively large productivity as opposed to
a wealth aggregation based on purchase values, . Table 6 shows that the rental
rate or marginal productivity of dwellings is on average 3.6 per cent over the
25 year period compared with a marginal productivity of 37.5 per cent for
software over the same period. Artistic originals and exploration were found to
have the lowest financial share of net new investment (less than 1 per cent on
average between 1980 and 2004) but yet they return marginal productivity
rates of 6 and 8 per cent respectively.

Our interest is in outlining an aggregate volume index of capital services
derived from detailed asset type capital stocks.13 The Tornqvist volume index
of aggregate capital services is:

13 Production theory dictates that the calculation of these indices should be carried out with a
superlative index number which is a discrete-time approximation of the continuous Divisia index
(Diewert, 1978). A Divisia index is a weighted sum of the growth rates of the various components.
The growth rates are defined as the difference in natural logarithms of successive observations of
the components. Tornqvist Index numbers are measures of relative change which are usually
based on ratios. Log-change index numbers, like Tornqvist, are based on the natural logarithms
of those ratios. The Tornqvist index was developed in the 1930s at the Bank of Finland, according
to Triplett (1996).
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Using this index, we can evaluate the contribution of capital to the
production process in terms of the services that capital assets provide to their
owners rather than in terms of the value of the assets themselves, as
suggested by Jorgenson and Griliches (1967). A linear aggregation would
assume that the capital services yielded by each vintage of a homogenous type
of capital would be perfectly substitutable; with this aggregation substitution
can take place across assets of equal efficiency not value.

Figure 4: Year on Year Growth in the Volume index of Capital Services (VICS)
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The early 1980s shows a decline in the flow of capital services to aggregate
production, possibly as a repercussion of the second oil crisis. This period
shows that the shock to investment in capital recovered slowly but remained
below the net replacement level (AVICS<9) until the mid-1990s. Since 1991,
the growth rate has been rising with acceleration during the ‘Celtic Tiger’ era.
The ‘dot com’ crisis may explain the decline in the capital services contribution
in 2002 and 2003. This is high by UK standards where average growth in
capital services there, moved cyclically around a 3 per cent level (Vaze, 2003).
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The recent Irish decline in the index of capital services has occurred despite a
significantly higher acceleration in the value of gross fixed capital formation
in Ireland. This measure reflects that housing investment is not the most
productive form of investment in terms of its contribution to economic growth.
The composition of the capital stock away from machinery and equipment
towards ICT observed in the 1990s motivates the modelling of the productive
capital stock. However, the price deflator for software has been falling in very
recent years and Figure 3 may be reflecting an overvaluation of the software
stock (obsolescence) in the years following 2000.

Figure 5: Comparison of Volume of Capital Services Across Sectors
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Figure 5 shows how the sectors differ in recent years. Industry has the
highest levels of capital service flow as machinery and equipment, software
accrue mainly to this sector. These are the asset types with the highest rental
rates. Households feature through the considerable expansion in the stock of
new private dwellings and home improvements while investment in consumer
durables has also boosted the net capital stock since 2000. The vast bulk of the
public capital is taken up with roads and building and construction which are
long-lived structures and correspondingly have low rental rates reducing their
weight in capital services terms.

Comparing the Wealth Measure with the VICS

As discussed above, both measures are weighted averages of asset stock
growth rates and only differ in their weights. The wealth measure has the
share in total wealth as its weight and hence depends on asset prices while the
VICS measure depends on rental rates indicating the marginal productivity of
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capital in output. The ratio of the rental price to the asset price differs between
asset types: the ratio is lower for assets with long service lives (driven by low
rates of depreciation) and increasing capital gains. The VICS gives less weight
than the wealth measure to assets with lower-than-average rental price/asset
price ratios.

Table 7: Comparison of Rental Price and Asset Price Weights

Average Rental Weights (Shares in Total Capital Rents), Per Cent

% % % % %
New Dwellings -0.7 1.5 1.5 1.3 1.9
Home improvements —4.2 7.3 8.7 7.6 12.9
Roads 10.8 8.6 13.0 14.5 13.5
Building and Construction 8.1 7.7 16.3 19.8 26.7
Consumer Durables 3.6 5.3 7.1 8.6 7.8
Transport Equipment 3.3 10.6 20.6 29.7 27.0
Other machinery and Equip 52.5 28.9 22.6 25.5 21.0
Agricultural Machinery 0.4 1.2 1.0 1.4 1.1
Software 0.4 0.6 1.2 1.7 2.0
Exploration -0.3 0.5 0.5 0.7 0.7
Artistic Originals -0.5 0.3 0.3 0.5 0.4
Average Asset Weights (Shares in Nominal Value of Aggregate Net Capital Stocks),

Per Cent

% % % % %
New Dwellings 13.2 15.5 17.3 15.4 15.8
Home improvements n.a n.a 4.9 4.7 4.3
Roads 18.5 19.6 20.3 21.1 17.8
Building and Construction 15.5 21.6 23.9 29.4 29.6
Consumer Durables 1.8 2.5 2.7 3.7 4.3
Transport Equipment 3.8 6.5 8.1 12.4 14.4
Other machinery and Equip 24.1 10.0 8.9 10.1 9.5
Agricultural Machinery 0.6 0.5 0.5 0.7 0.6
Software 0.1 0.2 0.3 0.4 0.5
Exploration 0.9 0.8 0.8 1.0 1.0
Artistic Originals 0.4 0.4 0.4 0.4 0.4

Table 7 compares the rental price weights with the asset price weights. As
expected these are very different. For example, the machinery and equipment
rental price weight is almost twice that of its asset price weight. In this way
we would expect the VICS to give different results from a wealth measure of
the capital stock. Likewise there are vast differences between the weights for
new dwellings in recent years and given the share of housing in the current
capital stock, this is the most significant justification for using a capital
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measure based on productivity rather than investment value. This is borne
out by Table 8, which compares the growth rates of the two measures as well
as other summary measures derived in our analysis.

Table 8: Growth of Capital Stocks and Capital Productivity

1981- 1986- 1991- 1996-  2001-
1985 1990 1995 2000 2004

Growth of Net Capital Stock

(volume) —-0.001 0.003 -0.015 0.043 0.071
Average Capital Consumption rate 0.065 0.058 0.046 0.036 0.031
Rate of Return (ex post) 0.064 0.095 0.102 0.160 0.158
Average Rental Rate for Capital 0.047 0.120 0.144 0.204 0.257
Volume Index of Capital Services -0.009 -0.014 0.017 0.057 0.078

In constant prices terms, the growth of the net capital stock did not keep
pace with the rate of capital consumption until the mid-1990s. It was then that
the vintage of the components of the capital stock was sufficiently modernised
such that the average capital consumption rate fell (the rate of depreciation is
constant for each asset but depends on service life!). At the same time, output
of the economy was growing in real terms and capital investments were
required to recoup increasing returns to cover the opportunity cost of having
resources tied up in this way. The volume index of capital services captures
these economic processes by weighting the individual components of the
capital stock by their marginal productivity or potential contribution to output
after controlling for differences in efficiency across assets, time and vintage.
An index of capital service is computed for each asset type, by sector, between
1980 and 2004.

VI CONCLUSIONS

The valuation of the stock of capital assets defines an economy’s wealth in
its broadest sense. In this paper, we applied an accepted stock valuation
methodology used by the BEA on US National Income Product Accounts. The
simplest method possible, commonly invoked to calculate capital consumption,
1s to assume that assets in the national capital stock depreciate at a geometric
rate that is stable over time. However, by calculating capital consumption
using asset-specific depreciation rates and accounting for service lives and
vintage of the individual asset stocks, a more accurate estimate of the
aggregate capital stock is possible.
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Figure 6: Growth Rates of VICS and Wealth Compared (All Asset Types)
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A starting value for each capital series was required, which were in the
most part drawn from Henry (1989). Having converted this estimate to fixed
base (2003) prices, it was then used to construct the remainder of the series as
described. This exercise was completed for the whole economy and by the three
main owners of capital: households, firms and government. The question of
wastage is not relevant as these starting values are already cumulative PIM
estimates.

The paper then implemented an integrated approach to derive a volume
index of capital services as part of the same process that generates estimates
of gross and net capital stocks and the consumption of fixed capital. For each
asset a long time-series of investment was used to derive stocks and these
were weighted together using shares based on rentals modelled for each asset.
A general observation is that the average life-length of all assets has
shortened over time due to a shift to short-lived assets, which also prove to be
the most productive in generating output. At present, only three countries —
the United States, Canada and Australia — publish capital service measures
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as part of their official programme of statistics but measures of this kind have
been calculated by researchers in several other countries.

There is growing interest in the productive potential of detailed capital
types, in the productive potential of the new economy and in calculating the
productivity benefits of globalisation (Oulton, 2001; Whelan, 2002). The
volume index of capital services uses rental price rather than asset price
weights, so it gives more weight to assets with a high rental price/asset price
ratio i.e. to assets with short service lives and high rates of depreciation. Our
findings show that despite the significant boom in building and construction
investment, highly productive assets have also been growing sufficiently
rapidly to ensure an overall increase in Irish capital services. In the years
between 1990 and 2003, the VICS tended to grow more rapidly than a wealth
measure of capital stocks based on exactly the same data and depreciation
assumptions. The flow of capital services provides an efficient measure for
capturing capital’s contribution in each case. A consistent dataset is produced
based on assumptions that are transparent if a little heroic given the lack of
very detailed Irish data.

Since the VICS is the appropriate concept for productivity analysis, the
present estimates have implications for growth accounting exercises.l4 The
capital measure used must control for the share of housing in the capital stock
or it will over-estimate total factor productivity. A multifactor productivity
argument exists which states that labour is more productive with an
increasing capital efficiency of the aggregate capital stock. The higher rate of
capital services for a given capital stock supports the ‘new economy’
explanation for accelerated economic growth patterns of recent years.
Together with a measure of labour services, further research based on
multifactor productivity measuresl® for growth accounting could recognise
that the investment in relatively inefficient capital services from housing
capital does not maximise an economy’s growth in the long term.

The implications for capacity utilisation measurement are a little harder
to draw out. Since capital services and capital stocks were growing at similar
rates until relatively recently, it might seem that Irish estimation of capacity
utilisation would not be affected by the choice of capital measure. However, if
capital services measure for the 1980s was revisited or if the pattern for 2004
was to continue when the wealth-based measure once again overtook the
measure of capital services, capacity utilisation could be growing faster than

14 Traditional growth accounting studies estimate Total Factor Productivity (TFP) by assuming a
constant capital lifetime. The resulting TFP estimates are thus biased unless reliable estimates
of capital services controlling for changes in capital service efficiency are available at the
macroeconomic level.

15 MFP is often expressed as the geometric average of labour and capital productivity.
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previously thought. Capital and capacity utilisation play numerous roles in
macroeconomic modelling. So teasing out the implications of these new
estimates will require further careful analysis beyond the scope of this paper.
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