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Figure 3: Capital services and capital stock, growth rates, 12-asset case vs. 2-asset case
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2-asset and the 12-asset case. Finally, we note again that aggregate capital services are more

volatile than the capital stock.

Because the asset stocks of structures and equipment are heterogenous in the 12-asset case,

Figure 3 also exhibits the results for structures and equipment. The differences between the

12-asset case and the 2-asset case are negligible for structures where we have assumed that asset

lives are the same for all three categories. For equipment, on the other hand, the differences

in results are notable suggesting that the composition of the equipment stock have significant

effects on the aggregate measures of capital.

To analyse the results in greater detail, it is interesting to look at the growth rates and at

the shares in profits and in wealth of the various asset stocks (see Table 3 in the Appendix). The

assets with the highest growth rates are software and computers. At the same time, software and

computers are the assets with the highest rental price to asset price ratios, reflecting relatively

short asset lives and a steep fall of their relative prices. This implies that the discrepancy between

growth in aggregate capital services and growth in the aggregate capital stock is driven by these

two types of assets. Nevertheless, the weights of computers and software in the aggregation

of capital services and the capital stock are modest, despite some substantial gains during the

period 1990-2005 in the case of software. The share in profits, wi,t, increased from 3.3% in 1990

to 6.1% in 2005 for software, whereas it declined from 3.5% to 3.2% for computers. For the share

in wealth, vi,t, the changes are from 0.6% to 1.2% and from 1.0% to 0.8%, respectively.

The nominal and the real aggregate depreciation rate are shown in Figure 4. Both rates have

increased since the mid-1990s which implies that the stock of assets with short service lives has

grown more rapidly than the stock of the assets with longer asset lives. The size of the increase

is larger for the real rate than for the nominal rate, and larger in the 12-asset case than in the

2-asset case.

6 The effect of alternative assumptions

The results presented in Section 4 and Section 5 are based on a number of assumptions which

may or may not be accurate. In this section, we examine the robustness of the results by

presenting measures of aggregate capital services and the aggregate capital stock which are based

on alternative sets of assumptions.

The first two sets of alternative assumptions concern the starting values of asset stocks (6.1)
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and the service lives of assets (6.2). Then the method for calculating the user cost of capital (6.3)

and the role of ICT prices (6.4) are considered. The former is examined by introducing exogenous

(instead of endogenous) rates of return and real (instead of nominal) user cost of capital. The

latter is explored by recalculating volumes and weights of ICT assets based on hedonic US price

indices. Finally, we look at capital services based on mid-year asset stocks (6.5) and quarterly

estimates of capital stocks and capital services (6.6), two variants that are particularly useful in

applied empirical work.

It can be shown that when the economy moves along the steady-state path, with constant

relative prices and all classes of investment growing at the same constant rate, growth in capital

services and growth in the capital stock correspond to growth in investment, and factors like

starting values, service lives or methods for calculating the user cost of capital do not affect the

results. It is unrealistic, however, to assume that the economy moved along the steady state in

the period under review, and therefore it is reasonable and necessary to examine the robustness

of the results.

6.1 Starting values

As described in Section 3, the starting values of all asset stocks, Ai,0, are calculated based on

artificial data. To examine the effect of these starting values, we now raise the 1947 values of

total equipment and total structures by 100%. Figure 5 shows the results for aggregate capital

services and the aggregate capital stock in levels and growth rates over the period 1970-2005.

The benchmark results from Section 4 are given for comparison.

The results in levels show that raising the starting values of the asset stocks results in higher
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Figure 5: Effect of 100% increase in 1947 asset stocks on capital services and capital stock,

2-asset case

levels of the aggregate capital stock in subsequent years. However, the gap between the alternative

series and the benchmark series is narrowing over time. For aggregate capital services, in contrast,

the alternative series intersects with the benchmark series in 1990. This reflects the construction

of the series, with total capital services set equal to total profits in 1990.

The dynamics of our two measures of capital are little affected by the doubling of the starting

values. This reflects the substantial net investment that took place from 1948 to 1970. In 1970,

only 1% of the equipment capital stock and 13% of the structures capital stock consisted of

investment vintages 1947 or older. Overall, the effect of the change in starting values on growth

rates appears to diminish rapidly over time.

As an alternative to linear changes in starting values, we can examine the effect of starting

values calculated with different methods. Two additional sets of starting values are considered.

First, the estimates by Goldsmith (1980) for stocks of equipment and structures in 1948, re-
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calculated at 1990 prices, are used as starting values for 1948. Second, estimates based on the

steady-state approach are used as starting values for the stocks in 1947.

The steady-state approach can be derived from the perpetual inventory equation. Rewriting

Equation (2.2) as

gi,t =
Ai,t −Ai,t−1

Ai,t−1
= −δi +

Ii,t

Ai,t
(6.1)

and solving for the capital stock Ai,t gives

Ai,t =
Ii,t

δi + gi,t
. (6.2)

Along the steady-state growth path, the growth rate of the capital stock, gi,t, equals the growth

rate of type-i investment. But the economy was hardly in the steady state in 1948. Therefore,

following Kamps (2006), we set gi,1948 to the average annual growth rate of type-i investment

over the period 1948-2000, and Ii,1948 to its Hodrick-Prescott filtered own value.

It turns out that the resulting starting values deviate moderately from the values used in the

calculations reported in Section 4. Goldsmith’s (1980) estimates are 33% lower for structures and

27% lower for equipment than our 1948 values. The starting values obtained from the steady-

state approach, in turn, are 14% lower for structures and 5% lower for equipment than our 1947

values. Thus, the results for the aggregate capital services and the aggregate capital stock based

on these two alternative sets of assumptions are closer to the benchmark series reported in Section

4 than what is shown in Figure 5 for the case with starting values raised by 100%.

6.2 Service lives and depreciation rates

Assumptions concerning the lives of assets vary a great deal from one country to another. As

Oulton and Srinivasan (2003) pointed out, these variations probably reflect differences in method-

ology rather than real economic differences. In this paper, we have opted for the asset lives used

by the FSO (2006a) which in turn are based on an assessment of what is used by other countries.

In the absence of survey evidence on asset lives for Switzerland, this is a sensible approach, and

we do not intend to come up with an alternative scheme. Instead, we examine the sensitivity

of the results by extending the asset lives listed in Table 1 by 25%. In the 2-asset case, this

reduces the depreciation rate from 4% to 3.2% for structures, and from about 13.4% to 10.7%

for equipment.

Figure 6 displays the results for aggregate capital services and the aggregate capital stock in

levels and growth rates. The benchmark results from Section 4 are given for comparison. We can
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Figure 6: Effect of 25% increase in asset lives on capital services and capital stock, 2-asset

case
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see that raising asset lives by 25% has a significant effect on the level of the capital stock. The

capital stock is shifted up because longer asset lives reduce the share of replacement investments

(given a time series for gross investment). The level of aggregate capital services, in contrast,

does not shift. Again, the volume series is rotated around its 1990 value because the volume of

capital services is set equal to total profits in 1990.

The growth rates of our capital measures change little when asset lives are extended by 25%.

Growth in capital services is just 0.1 pp higher on average over the 1970-2005 period. The annual

differences vary between -0.1 pp (1989) and 0.6 pp (1977). Effects on the growth rates of the

capital stock are similar.8

6.3 Rate of return and user cost of capital

To calculate the user cost of capital according to Equation (2.7), we need an estimate of the

rate of return. The benchmark results reported in Section 4.1 are based on a rate of return

derived endogenously from Equation (2.8). This approach relies on several assumptions which

are not strictly realistic. To begin with, markets are assumed to be competitive and returns of

scale to be constant to guarantee that the capital services weighted by their user cost of capital

exhaust profits. In addition, the assets considered are supposed to account for all sources of the

National Accounts’ gross operating surplus. Finally, agents are assumed to have perfect foresight

regarding future prices and interest rates.

In the literature, two alternatives have been proposed. First, the rate of return is approx-

imated by some market interest rate for which data are available. This is easy to implement

but fraught with the problem that the user cost of capital may turn out to be negative. Ad-

ditionally, there are many market interest rates and it is not clear which one should be picked.

Second, nominal user costs of capital are replaced by real user costs of capital. As argued by

Diewert (2003), this simplifies matters since expectations on the real rate of return are likely to

be less volatile than expectations on the nominal rate of return. In addition, the risk of obtaining

negative user cost of capital is reduced. Both routes are taken up in this section.

In the first group of alternative measures of the user cost of capital, we replace the endogenous

rate of return from Equation (2.7) by the government bond yield adjusted by some constant risk

8The results reported in this section are based on the 1947 starting values used in Section 4. The

results do not change significantly when these starting values are re-calculated based on the depreciation

rates resulting from the longer asset lives assumed here.
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exogenous nominal rate of return (upper row) and exogenous real rate of return (lower row),

2-asset case
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premium. Calculations were carried out for risk premiums varying from zero to 4%. It turned

out that changes in the constant risk premium appear to have little effect on growth in capital

services. Consequently, we will limit ourselves to presenting the results for a 2% risk premium.

Two variants are considered. First, asset inflation is assumed to be perfectly anticipated, i.e.

the expected one-period asset inflation rate is set equal to the asset inflation observed over that

period ex post. This assumption on asset inflation corresponds to the one adopted in Section 2.

Second, the expected one-period asset inflation rate is set equal to the 3-year moving average of

the asset inflation observed ex post.

The second group of alternative measures refers to user cost of capital in real terms. The

starting point for the derivation of the formula is Equation (2.7). Adding and subtracting 1 on

the right hand side of Equation (2.7) gives, after some rearranging,

Ui,t = [1 + rt − (1− δi)(1 + qi,t)]Pi,t−1. (6.3)

Let πt denote the rate of change in consumer prices. Dividing both sides of Equation (6.3) by

1 + πt yields
Ui,t

1 + πt
= [

1 + rt

1 + πt
− (1− δi)(1 + qi,t)

1 + πt
]Pi,t−1. (6.4)

Defining U∗
i,t = Ui,t/(1 + πt), 1 + r∗t = (1 + rt)/(1 + πt) and 1 + q∗i,t = (1 + qi,t)/(1 + πt), and

assuming the real rate of return to be constant, r∗t = r∗, the user cost of capital in real terms

can be written as

U∗
i,t = [1 + r∗ − (1− δi)(1 + q∗i,t)]Pi,t−1 (6.5)

or

U∗
i,t = [r∗ + δi − q∗i,t + δiq

∗
i,t]Pi,t−1. (6.6)

We set the real rate of return to r∗=3%. This is below the 4% assumed by Diewert (2003) in

his study on Canadian data. The lower rate can be justified on the ground that economic growth

and ex-post real interest rates have been lower in Switzerland than in many other industrialised

countries during the period under review. Again, two variants are considered. First, perfect fore-

sight is assumed such that the expected one-period inflation rates for asset prices and consumer

prices correspond to their ex post outcome. Second, the expected one-period inflation rates are

approximated by the 3-year averages of these two variables observed ex post.

The results for the 2-asset case over the period 1970-2005 are summarised in Figure 7. The

four panels show the effect of applying an alternative measure of the user cost of capital on
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the volume of capital services. The benchmark results from Section 4 are given for comparison.

Overall, the alternative measures of user cost of capital appear to have little effect on the results.

Figure 8 shows the results for the 12-asset case over the period 1990-2005. The corresponding

results of the 2-asset case and the benchmark results of the 12-asset case (reported in Section 5)

are given for comparison. Overall, the results suggest again that the method for calculating the

user cost of capital does not have important effects on the dynamics of aggregate capital services.

An exception are the years around 2000, where notable differences occur when real user cost of

capital are used to construct aggregate capital services. Differences are significantly larger on

the whole when the comparison is with the corresponding results from the 2-asset case. Thus,

Figure 8 suggests that the differences in results between the 2-asset case and the 12-asset case are

more important than differences caused by the method for calculating the user cost of capital.

6.4 Price indices for ICT goods

ICT goods differ in several aspects from the other assets. In particular, they have shorter asset

lives and their relative prices have decreased rapidly over the years. Both characteristics reflect

the rapid technological progress in this sector of industry.

Prices of goods with quality changes are notoriously hard to measure. Statistical agencies

tackle the problem in various ways.9 As a result, price indices of ICT goods tend to differ widely

from one country to another. Since this reflects differences in methodology rather than economic

reality, various authors have tried to make the measures comparable by substituting the US price

indices of ICT goods for the corresponding national indices (see Schreyer (2002), and Oulton and

Srinivasan (2003)).

The US Bureau of Economic Analysis (BEA) has developed and used hedonic price indices

to quality adjust the deflators for computers and software. In principle, this is the technique

preferred by most economists on theoretical grounds. But hedonic price indices are rare in

practice because they are very data intensive. Hence, it makes good sense to use the US ICT

price deflators as a rough approximation of the true price indices and to examine how results

respond to replacing the national ICT price deflators by the corresponding US indices.10

9Triplett (2004) describes quality adjustments in conventional price index methodologies and in hedonic

price indices.
10The three US price deflators are not purely hedonic. Jorgenson and Stiroh (2000) argue that the US

deflator for communication equipment may underestimate the fall in quality-adjusted prices because some
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Figure 9: Swiss vs. US deflators

To examine the role of ICT price indices in the 12-asset case, we recalculate aggregate capital

services and the capital stock based on the assumption that the prices of computers (NOGA30),

communication equipment (NOGA32), and software (NOGA22+72) followed the path of the

corresponding US price deflators. Following Schreyer (2002), three variants of the US price

deflators of ICT goods are considered: (i) the US indices without any further adjustments (USP1),

(ii) the US indices adjusted by the nominal USD-CHF exchange rate (USP2), (iii) the US indices

adjusted for the price level ratio of the two countries, with price levels measured by GDP price

deflators (USP3). Figure 9 shows these three price indices together with the corresponding price

deflators from Switzerland’s National Accounts. The results indicate that the US deflators for

communication equipment and for software do not differ greatly from the corresponding Swiss

deflators. There is a substantial difference, however, between the price deflators of computers,

with the three US deflators falling much more rapidly than the Swiss deflator.

Figure 10 shows the growth rates of aggregate capital services and the aggregate capital stock

components of this index are not based on the hedonic approach.
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Figure 10: Effect of alternative ICT deflators on growth in capital services and the capital

stock
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over the period 1990-2005, based on the three variants of the US price deflators of ICT goods.

The results reported in Section 5 are given for comparison. Overall, the results suggest that

replacing the national ICT price deflators by the US indices raises growth in aggregate capital

services significantly. By contrast, the results for growth in the aggregate capital stock show much

smaller differences between the various series. The reason is that, for the three ICT categories,

the shares in wealth are much smaller than the shares in profits (see Appendix B for average

shares in profits and wealth).

6.5 Mid-year asset stocks

We have assumed so far that investment in period t is not depreciated and does not provide

capital services in t. According to Equations 2.2 and 2.3, both the depreciation and the provision

of capital services begin in t + 1 only. If period t is relatively long, this setting gives reasonable

results for investments made at the end of the period. But for investments made at the beginning

of the period, it implies that they neither depreciate nor provide capital services for a full period.

For this reason, the underlying assumptions have been criticised as inadequate in the context of

annual data (see e.g. Oulton and Srinivasan (2003)).

Alternatively, we can make the explicit assumption that investment is spread evenly across

the year. In this case, i-type capital stocks and capital services are determined by

Bi,t = Ii,t + (1− δi)Bi,t−1, (6.7)

Ai,t = (1− δi/2)Bi,t, (6.8)

Ki,t = Āi,t = (Ai,t−1Ai,t)1/2, (6.9)

where Ai,t is the stock of i-type asset at the end of period t and Āi,t is the stock of i-type asset

in the middle of period t; Bi,t is the stock of i-type asset at the end of period t when investment

are assumed to be done at the end of the period (see Oulton and Srinivasan (2003) and BEA

(2003)).

Figure 11 shows growth rates of aggregate capital services and the aggregate capital stock

calculated based on Equations (6.7) to (6.9), instead of Equations (2.2) and (2.3), and Āi,t

replacing Ai,t in Equation (2.11). The results from Sections 4 and 5 are given for comparison.

The volatility of the series based on mid-year stocks is smaller than that of the benchmark series.

And the turning points are in the same period for capital services and the capital stock in the
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Figure 11: Capital services and capital stock, growth rates, 2-asset case and 12-asset case:

midyear vs. end of year (benchmark case)

mid-year series (due to Ki,t = Āi,t), whereas capital services lag the capital stock by one period

in the measures based on end-of-period asset stocks (due to Ki,t = Ai,t−1).

6.6 Quarterly estimates

In principle, quarterly estimates of capital stocks and capital services can be derived along the

same lines as the corresponding annual measures presented in Sections 4 5.11 The main difficulty

are the data requirements. Whereas quarterly data on investment in total equipment and total

structures (2-asset case) are readily available, data on gross operating surplus and on the 12-asset

breakdown of investment are available only annually.

There are various ways to construct quarterly data from annual data. The results presented

11The objection raised in Section 6.5 has less weight when data are quarterly. Thus, we follow Oulton

and Srinivasan (2003) and apply the methodology described in Section 2.
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Figure 12: Capital services and capital stock, growth rates, 2-asset case and 12-asset case:

quarterly data

below are based on quarterly data for investment volumes derived from the corresponding an-

nual series with the Chow-Lin method. The indicator series are total structures investment for

the three structures investment series and total equipment investment for the nine equipment

investment series. The twelve asset stocks are then calculated based on the quarterly investment

volumes and starting values derived from annual data for 1964. The quarterly investment prices

are obtained likewise by applying the Chow-Lin method to the annual nominal investment data

and dividing the resulting quarterly series by the volume series. Combined with quarterly data

for gross operating surplus (obtained by dividing the annual data equally among the four quarters

of the year), this allows us to calculate quarterly user costs of capital for the twelve asset stocks.

Figure 12 displays the results in terms of annualised quarterly growth rates. The four charts

provide a side-by-side comparison of the 2-asset case versus the 12-asset case, and of capital

services versus capital stock.
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7 Concluding remarks

In this paper, we have calculated measures of aggregate capital services for the 2-asset case over

the period 1970-2005, and for a more detailed breakdown of investment data by 12 categories

over the period 1990-2005. These measures have been compared to the corresponding results for

the aggregate capital stock, which stands for the wealth concept of capital. The results suggest

that the dynamics of capital services calculated from the 12-asset data breakdown are picked

up reasonably well by the capital services from the 2-asset breakdown, and even the capital

stock from either the 12-asset or 2-asset breakdowns. The differences are not negligible, however,

suggesting that a series of capital services calculated from the 12-asset breakdown should be used

as a measure of capital input as long as the issue at hand does not require capital data starting

earlier than 1990.

The calculations for various sets of alternative assumptions suggest that the growth rates of

capital services are rather insensitive to changes in the assumptions on starting values and asset

lives. The method of calculating the user cost of capital has somewhat larger (but still modest)

effects on the results. On the whole, the potential mismeasurement of ICT price deflators might

well have been the largest source of uncertainty in recent years.

There are various aspects of capital measurement that we have not explored in this paper:

• Geometric depreciation has been assumed throughout the work presented here. While

there are good arguments for this choice, other forms of depreciation patterns exist and

are discussed in the literature (one-hoss-shay, linear, etc.). Diewert (2003) has examined

the effect of these assumptions in data for Canada. His findings suggest that the results

do not depend critically on the assumption concerning the form of depreciation.

• The capital goods considered in this paper are fixed produced assets. Inventories are not

considered due to lack of data. Land is not considered either. In a study on Japan, Diewert

et al. (2005) have pointed out that the neglect of land may have a sizable effect on the

average growth rate of capital services. Since the volume of land does not usually change

much over time, its inclusion reduces growth in the aggregate capital measures. Also, the

inclusion of land (and of inventories) may lead to more accurate results for the implied

rate of return calculated from gross operating surplus.

• The effect of the tax system on the user cost of capital has not been considered in this
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paper (see Hall and Jorgenson (1967) for an analysis of user cost of capital, taking into

account the role of taxes). Again, the reason is lack of data.

Lastly, we would reemphasise the fact that our results refer to the full economy (with the

qualifications described above). Measures of capital for the sectors of the economy cannot be

derived for Switzerland, as investment data broken down by industries are not available. What

can be calculated, however, are measures of capital that exclude specific forms of fixed assets.

For example, residential investment is sometimes excluded from measures of capital input used to

calculate potential output growth. Or aggregate capital services are computed for the equipment

assets alone and for the structures alone. These aggregates can be calculated easily within the

framework described in this paper, which assumes an economy-wide rate of return.
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A Data: definitions and sources

Asset lives. Source: FSO (2006b) for all categories except “growing of crops, market gardening,

horticulture, farming of animals” for which the authors’ own estimate is used (see Table 1).

Consumer price index. Average of monthly observations. Source: FSO for 1913-2005;

Ritzmann-Blickenstorfer (1996) for 1851-1913.

Exchange rate. USD-CHF exchange rate, average of daily observations. Source: SNB.

Government bond yield. Average of daily observations. Source: SNB. We approximate

the exogenous nominal ex-ante rate of return by the average government bond yield for the

previous period.

Gross capital formation (investment), volumes and prices. 1948-1990 National Ac-

counts for structures and equipment. 1990-2005 National Accounts (ESVG95) for three compo-

nents of structures (“residential buildings”, “non-residential buildings”, “civil engineering”) and

nine components of equipment (“fabricated metal products, machinery and equipment”, “office

machinery and computers”, “electrical machinery and apparatus”, “radio, television and com-

munication equipment and apparatus”, “medical, precision and optical instruments, watches and

clocks”, “motor vehicles, trailers and semi-trailers”, “other transport equipment”, “computer

and related activities, media”, and “growing of crops, market gardening, horticulture, farming

of animals”). Before 1948: growth rates of investment volumes are approximated by estimates

of GDP growth taken from Andrist et al. (2000) for 1913-1948, Ritzmann-Blickenstorfer (1996)

for 1851-1913 (gross value added deflated by CPI), and Maddison (2006) for 1820-51 (based on

estimates of the level of real GDP for 1820 and 1851). Growth rates from before 1948 and for

1948-1990 are chain linked to the 1990 data from ESVG95. Volumes are at chained 1990 prices.

Gross operating surplus. “Gross operating surplus and mixed income” 1990-2005 from

National Accounts (FSO), for 1970-1990 from OECD National Accounts statistics. Mixed income

calculated based on the information on “labour compensation” from the same sources and on

the number of self employed and family members from the Labour Force Statistic (FSO).

Price deflators for GDP. Source: FSO for Switzerland, Bureau of Economic Analysis for

United States.

US price deflators for ICT investment. Price indexes of private fixed investment in

equipment and software: “computers”, “software”, “communication equipment”. Source: Bureau

of Economic Analysis.
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B Asset stocks, shares in profits and in wealth: 12-

asset case 1990-2005

Table 3 summarises the results for the 12-asset case in terms of average annual growth rates and

standard deviations over the period 1990-2005 and two subperiods (1990-2000, 2000-2005). Note

that shares in profits are calculated based on Ai,t−1, whereas shares in wealth are calculated

based on Ai,t (see Equations (2.3), (2.10) and (2.12)).
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Table 3: Components of capital measures: 12-asset case 1990-2005

1990− 2005 1990− 2000 2000− 2005

rate std rate std rate std

Residential buildings

Capital stock 2.09 0.68 2.28 0.65 1.70 0.64

Share in wealth 29.2 0.8 29.0 0.8 29.8 0.4

Share in profits 20.7 2.2 20.9 2.6 20.4 1.2

Other buildings

Capital stock 0.84 0.76 1.06 0.85 0.42 0.24

Share in wealth 27.9 1.1 28.5 0.8 26.7 0.3

Share in profits 20.0 2.4 20.7 2.5 18.6 1.1

Civil engineering

Capital stock 2.49 0.94 3.02 0.63 1.44 0.35

Share in wealth 13.4 0.8 13.0 0.5 14.3 0.3

Share in profits 9.3 2.2 9.4 2.2 9.1 2.5

Growing of crops, farming of animals

Capital stock 0.47 1.91 1.00 1.42 -0.56 2.49

Share in wealth 0.1 0.0 0.1 0.0 0.1 0.0

Share in profits 0.2 0.1 0.2 0.1 0.2 0.1

Fabricated metal products, machinery

Capital stock 1.25 0.91 1.36 1.10 1.03 0.29

Share in wealth 15.5 0.5 15.7 0.5 15.1 0.1

Share in profits 21.8 3.1 21.9 3.7 21.7 1.7

Office machinery and computers

Capital stock 5.80 3.57 6.18 4.12 5.04 2.29

Share in wealth 1.0 0.1 1.0 0.0 0.9 0.1

Share in profits 3.4 0.4 3.4 0.4 3.5 0.2

38



Table 3, continued

1990− 2005 1990− 2000 2000− 2005

rate std rate std rate std

Electrical machinery and apparatus

Capital stock 0.75 1.89 1.57 0.94 -0.88 2.37

Share in wealth 3.0 0.3 3.2 0.2 2.7 0.1

Share in profits 5.3 0.9 5.6 0.9 4.5 0.5

Radio, TV and communication

Capital stock 2.78 2.18 2.44 2.01 3.46 2.58

Share in wealth 2.0 0.3 2.1 0.2 1.7 0.1

Share in profits 3.8 0.6 3.9 0.6 3.6 0.3

Various instruments and watches

Capital stock 3.90 2.42 3.65 2.28 4.40 2.90

Share in wealth 3.4 0.2 3.3 0.2 3.5 0.1

Share in profits 6.0 0.8 6.0 1.0 5.9 0.5

Motor vehicles, trailers

Capital stock 1.61 2.38 1.55 2.73 1.72 1.76

Share in wealth 0.9 0.0 0.8 0.0 0.9 0.0

Share in profits 1.9 0.2 1.9 0.2 2.0 0.1

Other transport equipment

Capital stock 2.53 5.27 4.64 5.22 -1.57 1.63

Share in wealth 2.8 0.4 2.6 0.4 3.2 0.2

Share in profits 3.2 1.1 2.6 0.8 4.3 0.5

Software, media

Capital stock 9.25 8.66 10.11 10.16 7.54 4.81

Share in wealth 0.9 0.2 0.7 0.2 1.1 0.0

Share in profits 4.4 1.4 3.5 0.7 6.0 0.5

Note: Rate = average rate (growth) or average ratio (share), in percent. Std = standard

deviation. Capital stocks refer to end of period.

39



C Comparison with FSO series of aggregate capital

services and the aggregate capital stock

In October 2006, the FSO published measures of growth in multi-factor productivity for the years

1991 to 2004; see FSO (2006a). One year later, the data were revised and updated to 2005. These

productivity measures are based on estimates of growth in capital services. Also, in October 2006,

the FSO published estimates of the gross capital stock; see FSO (2006b). Estimates of the net

capital stock were first published at the end of 2007.12

The FSO estimates of growth in aggregate capital services and the estimates reported in Sec-

tion 5 are based on the same approach. Both use the perpetual inventory method, geometric

depreciation rates, and a Törnqvist index to aggregate over the various types of assets. More-

over, both use about the same investment data and do not consider inventories and land. The

differences are minor and can be summarised as follows:

Timing. The FSO assumes that the capital services in period t are proportional to the asset

stock at the end of t, i.e. Ki,t = Ai,t. By contrast, we assume Ki,t = Ai,t−1 (see Equation (2.3)).

Truncated depreciation. The FSO assumes that a capital good can be dropped from

the stock once the efficiency is less than 10% of its initial level. By contrast, the capital good

will continue to be part of the capital stock in our calculation (although its weight approaches

zero with time). Consequently, the FSO does not need to construct the starting values Ai,0 in

Equation (2.2), and the artificial data series of gross capital formation constructed for the years

before 1990 are shorter.

User cost of capital. The user costs of capital utilised by the FSO are defined in real

terms, and the underlying real rate of return is modelled as a constant exogenous ex-ante rate.

This constant rate is calculated as the average between the real government bond yield and the

endogenous real rate of return, both computed as averages over 1990-2005. By contrast, we utilise

nominal user costs of capital, and the rate of return is an ex-post rate calculated endogenously

(real user costs of capital and exogenous rates of return are examined as alternatives in Section

6).

Data on agricultural assets. The FSO data differs in content and range from the data we

have used. Agricultural assets are broken down into six categories with varying asset lives. In

contrast, we use a single category. Note, however, that the share of agricultural assets in total

12see http://www.bfs.admin.ch/bfs/portal/de/index/themen/04/02/04/key/Stock cap.html.
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Figure 13: Comparison FSO estimates vs. benchmark estimates (12-asset case), growth

rates

profits is just about 0.2% in both calculations.

Structures before 1948. The FSO calculates artificial data of structures investment based

on the elasticity of investment with respect to GDP (estimated with a regression over 1948-2005)

and GDP data for the period 1890-1948. The constant of the regression is not considered in the

calculation of the artificial pre-1948 investment data. In contrast, we have assumed that growth

in construction investment corresponds to growth in real GDP (over the period 1820-1948).

For the calculation of the aggregate capital stock (= net capital stock), the FSO does not use

the same vintage truncation as for capital services. In addition, the aggregate capital stock is

calculated by taking the sum of the stocks of the various types of assets. In contrast, we use the

Törnqvist index for the aggregation (Equation 2.11).13

Figure 13 shows the FSO series (in growth rates) of the stock of capital and of capital services

together with our own estimates. In the case of capital services, our estimates are shifted by one

period to suppress the effects resulting from the fact that the FSO assumes Ki,t = Ai,t whereas

we assume Ki,t = Ai,t−1 (see “Timing” above). Figure 13 illustrates that the results presented in

Section 5 differ little from those provided by the FSO, once it is taken into account that the FSO

assumes that capital services of a given type of asset in period t are proportional to the asset

stock at the end of period t, whereas we assume that they are proportional to the asset stock at

the end of period t− 1 (Equation 2.3).

13We thank Pierre Sollberger for kindly answering our questions about the FSO calculations of the net

capital stock.
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Ki,t = Ai,t−1 can be defended on the ground that capital goods have to be installed to generate

services. This said, both Ki,t = Ai,t and Ki,t = Ai,t−1 can be plausible in some situations and

less so in others. On the one hand, when all investment is carried out at the beginning of the

year, Ki,t = Ai,t may give more appropriate results than Ki,t = Ai,t−1, even when we assume that

it may take some time for new investment to provide productive services. On the other hand,

when all investment is carried out at the end of the year, Ki,t = Ai,t−1 is clearly preferable to

Ki,t = Ai,t. As argued in Section 6.5, it is realistic to assume that investment activity is spread

evenly over the year and capital services are proportional to the asset stocks in the middle of

the year. The methodological adjustments made necessary by this alternative assumption are

described in Oulton and Srinivasan (2003) and BEA (2003). Results for Switzerland are presented

in Section 6.5.
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