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ABSTRACT

We develop a methodology for evaluating companies’ investment in intangible assets
using linked employer-employee data. Firms produce goods of the types: (i) informa-
tion and communications technology (ICT), (ii) research and development (R&D), and
(ii1) organizational capital (OC). If the use of these goods is not in the current year
they can be classified as intangible capital formation, which is typically ignored in con-
ventional calculations of capital stocks and depreciation. In order to produce intangible
capital goods, firms apply resources supplied by different factors of production: labor,
intermediate, and capital services. We compare an expenditures-based approach to
measuring firms’ intangible investments, where investment is proportional to the sal-
ary costs of workers in particular occupations, to a performance-based approach,
where investment is proportional to the productivity of these workers. The former
approach is similar to the method commonly adopted in constructing national meas-

ures of intangible capital formation.
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1. INTRODUCTION

An increasing number of researchers suggest that many analytical problems in growth
analysis arise due to the fact that certain expenditures made in the expectation of future
returns are not properly classified as investment. Recent research focuses on the possi-
ble impact of intangible investment. Neglecting intangible assets affects not only the
capital accounts but also a number of other elements in the bookkeeping system of a
company or an economy. According to the standard accounting rules for the European

economies given by ESA95, value added is calculated as the sum of

o Sales less intermediate consumption,
e Inventory changes, and

e Own account production of assets.

Purchased intangibles that are incorrectly classified as intermediate consumption un-
derestimate the first item. If expenditures for labor, intermediates, and capital usage
combine to create intangible capital goods, then we have own account production. If
this is neglected, the last item is underestimated. In both cases value added is underes-
timated. Depending on the depreciation of intangible capital, operating surplus may

also be underestimated.

These accountancy based changes are independent of any possible causal influence of
intangible capital on productivity and growth. Of the two types of expenditures dis-
cussed, the focus of this paper is on the own account production of intangibles includ-
ing the costs of labor, intermediates, and capital needed to produce these assets. In the
piloting study of Corrado, Hulten and Sichel (2005), hereafter CHS, different ap-
proaches to estimating own account production are applied. They range from applying
multiples or fractions of certain purchased goods, assuming complementarity between

the purchase and own account production of intangibles, to using shares of working



time or wages and salaries of certain employees. At the macro level, CHS were able to
underpin their estimates of the purchased part' of intangible investment with a number
of additional empirical surveys. For the own account part they had to make broad as-
sumptions, since it was not possible for them to refer to firm-level information. This
study helps to substantiate the own account part of intangible investment based on
firm-level data. However, while own account production of intangibles is the focus of
this paper, we believe that on average these are positively associated with and, as we

argue below, may in some instances proxy for purchased intangibles.

While standard balance sheet data tend to ignore most types of intangibles, informa-
tion on these types of expenditures is collected in some business surveys. However,
business surveys do not tend to cover the broad range of intangibles considered in re-
cent research and do not necessarily include information on other variables used in
growth analysis. This paper sets out a framework for assessing the possible magnitude
of firms’ production of intangible assets, using information on the occupational distri-
bution of the labor input combined with the cost structure of an assumed production
function for intangibles. We use linked employer-employee data, which have been ex-
tensively utilized in the study of human capital formation beginning with Abowd,
Kramarz, and Margolis (1999). These data are convenient for use in an analysis relying
on the valuation of different tasks and occupations. Production of intangible capital
goods is capitalized, applying the standard methodology developed in EU KLEMS.
The firm-level data developed in INNODRIVE provides another perspective on the

importance of intangible capital formation, otherwise evaluated at the national level.

! It has to be acknowledged, that also in the case of purchased intangibles the margins of uncertainty in
the estimates are very wide. In particular, it is very difficult to separate purchased intangible capital
services from purchased intangible investment provided for instance by producers of consulting
products. While the first item has to be treated similar to leasing activities as in the case of tangibles,
only the second item can be treated as an investment rather than intermediate consumption and thus

capitalized by the purchasing firm.



2. OWN ACCOUNT PRODUCTION

Following CHS, we classify intangible capital into three broad categories: computer-
ized information, innovative property, and economic competencies. Specifically, we
assume that in addition to any traded goods and services each firm produces goods of

the types

e Information and communications technology (ICT),
e Research and development (R&D), and
e Organizational capital (OC).

The production of these types of goods is exclusively directed towards own uses by the
firm. If the uses are not in the current year, these types of goods can be classified as in-
tangible capital formation, which is not counted as investment in conventional calcula-
tions of capital stocks and depreciation, as for instance in the National Accounts. In
order to produce these types of capital goods, firms apply resources supplied by differ-
ent factors of production: labor, intermediate, and capital services. To assess labor ser-
vices that go towards the production of intangibles, we distinguish three types of labor
input: ICT-, R&D-, and OC-related personnel (ISCO88 classification shown in appen-
dix table A1).

o [CT personnel includes information and communication technology experts.
o R&D personnel includes technicians, engineers, and similar occupations.

e OC personnel includes management and marketing employees

We assume that only a fraction of workers in these occupations are engaged in the
production of intangible capital goods; with the remainder of these workers engaged in

current production (i.e. production of goods and services with a service life less than a

year).

Substantial parts of intangible ICT investment are software and databases on which

there is typically only limited information at the firm level. Lequiller and Blades (2006)



argue that ICT intensive firms like Microsoft record all ICT investment as intermedi-
ate expenditures for two reasons. First, this is in line with the precautionary account-
ing approach applied by private firms, since only a limited share of ICT investment
turns out to be productive, and firms are obliged by law not to overvalue their capital
stocks. Second, in this way the expenditures can be immediately deducted from taxable
profits. Intangible ICT capital is also concentrated in specific industries: financial in-
termediation, transport, storage and communication. We assume that half of the ex-
penditures on ICT personnel are dedicated to the maintenance of ICT operation and

half to the production of own account intangible capital goods.

We apply a very broad definition of R&D personnel including all employees that have
a technical education. Accordingly, we assume only 70% of R&D personnel as defined
above are engaged in creating R&D capital goods for future uses by the firm. Organ-
izational workers include management and marketing personnel. As in the National
Accounts, we include only activities which result in an outcome with an expected ser-
vice life well above one year. CHS refer to expenditure on organizational structure as
managers’ time spent on developing business models and corporate cultures. Their cen-
tral estimates are based on the assumption that 20% of management time is spent on
organizational innovation. Acknowledging the uncertainty surrounding this assump-
tion, they provide figures where this parameter ranges from 10% to 30%. Based on
their central estimate, CHS (2005) suggest that over the period 1998-2000, businesses in
the US devoted more than $200 billion per year to improving the effectiveness of their
organizations on their own account. The purchased component in the CHS approach
is represented by management consultant fees, and these are equivalent to 40% of own
account investment in organizational structures. CHS assume that spending on brand
development is represented by expenditures on advertising and market research. This
encompasses the costs of launching new products, developing customer lists, and main-
taining brand equity. Investment in brand equity is assumed to equal 40% of advertiz-
ing expenditures. Together with expenditures on market research, US investment in
brand equity amounted to $235 billion per year in 1998-2000. This is not very differ-
ent from investment in organizational structures, but unlike these is mostly accounted

for by the purchased component.



In the six European countries in INNODRIVE the marketing and management work-
er shares (for the non-farm business sector) are as illustrated in figures 1 and 2. Overall
the share of management and marketing workers from all employees hoovers around
6% in Slovenia to 12% in UK and Germany. We find that the share of workers in
marketing occupations is typically half the share of workers employed in management
occupations (with the exception of Finland). This suggests that the own account com-
ponent of investment in brand equity may be substantially higher than assumed in
CHS. Similar to CHS we assume 20% of management work goes towards the produc-
tion of intangible capital.? We also assume that 20% of marketing work goes towards

the production of intangible capital.

% In the case of Finland the assumption that 20% of wage costs are allocated to investment leads to the
lower bound of figures obtained by Hulten and Hao (2008) when evaluating against selling, general and

administration expenditures.



Figure 1. Management worker share in INNODRIVE
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Figure 2. Marketing worker share in INNODRIVE
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A priori, it is an open question, how purchased intangibles goods relate to own ac-
count production of intangibles. Given commonly applied theories on the division of
labor and on specialization, one might assume that outsourced production (purchased
goods) are suitable substitutes for in-house (own account) production such that cost
driven outsourcing might also be applied to intangibles. In this case, one would expect
a negative relationship between own account and purchased intangible investment.
However, studies on industry-level tangible investment, for instance for Germany
(DIW 1988), do not find a negative relationship between own account and purchased
tangible investment. The degree of own account production of versus purchased tangi-
bles appears to be specific to the type of industry and hence the product that is finally

produced with the help of the investment.

Analysis of UK businesses included in the Annual Business Inquiry provides some evi-
dence that firms’ purchases of intangible goods are complementary to firms’ own-
account production. For instance, measured relative to sales, a firm’s purchase of ad-
vertising services is positively correlated with its expenditures on employees engaged in
marketing®. Similarly, a firm’s purchase of telecommunications and computer services
are positively correlated with their expenditures on IT workers. While there are differ-
ences across industries, these relationships (illustrated in appendix table A2) hold across
firms within all industries considered, and are statistically highly significant. Theses
findings suggest that the firm-level data we construct provide reasonable indicators of
the variation in total (purchased and own account production) intangible investment

across firms.

A possible explanation for these results is that own account production can be better
customized to the needs of the firm, such that the competitive advantage for the firm
increases. In addition, external competitors are prevented from acquiring firm specific

information. Thus, own account production induces an increase in competitiveness by

% The occupational distribution of firms is derived from the Annual Survey of Hours and Earnings and

is linked to firms in the Annual Business Inquiry by detailed industry sector and firm size.
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strengthening the monopolistic power of a firm. In the case of tangibles this strategy is
limited to firms, which are also able to produce tangible assets, mainly in the manufac-
turing sector. Looking at intangible investment, which mostly concerns the produc-
tion of services, we can expect a much broader application of this strategy across all

types of industries.

INNODRIVE assumptions discussed in this section are listed in Table 1.

Table 1. INNODRIVE share of labor cost dedicated to the production of intangible goods

Share of labor input with ex-

pected life over 1 year (hic, 0.50 0.70 0.20
where IC=ICT, R&D, OC)

3. THE USE OF CAPITAL AND DEPRECIATION

Economically, the depreciation rate measures the loss of value of an asset. In the theo-
retical model, the loss of value is the reduction of future returns. Many factors can in-
fluence future returns, but most commonly time is assumed the most important factor.
The reduction of the remaining service life of an asset reduces the expectations of fu-
ture returns. However, service life is defined by economic criteria. An asset ceases to
exist as an economic good if the returns it generates fall below the costs of operating

the asset.

Given this background, it is not surprising that the UNECE survey (UNECE, 2004)
shows that in measuring depreciation very different methodologies are applied across
countries. Tangible fixed capital estimates usually rely on national estimates. For coun-
tries in the EU area, based on National Accounts, Gorzig (2007) reports that the im-
plicit depreciation rates of conventional capital stock estimates in the National Ac-

counts of EU countries vary considerably, depending on the methodology applied, in-
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cluding the basic assumptions on service lives, and the economic structure of a country

(Table 2).

In these calculations Germany has an average depreciation rate of 4.6% per annum. At
5.6% per annum, the average depreciation rate for Finland is more than 20% higher.
The UK ends up with an average depreciation rate of 6.1% per annum. Contrary to
the case of tangibles, the convention adopted in constructing national level estimates of
intangible capital is to assume common investment shares of expenditures and depre-
ciation rates across countries. For example, in CHS, 20% of management expenditures
are considered as investment in economic competence. Databases and software are as-

sumed to depreciate at a rate of 33% in all countries in this project.

Surveys are common sources of information on the expected service life of intangibles
other than R&D. In the case of physical capital, e.g. cars, the expectation is that firms’
survey responses yield shorter service lives than the scrapping statistics. Tax service
lives (UNECE, 2004) and additional surveys on how these relate to economic service
lives are another source of information on depreciation rates. Generally speaking, eco-

nomic service lives turn out to be higher than tax service lives.

Table 2: Evaluation of Implicit Depreciation Rates for Published Depreciation Values in the Na-

tional Accounts
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Average| Average
Country service | depreciation
life rate
years %

Luxembourg 18 9.3
Portugal 20 8.7
Denmark 20 8.4
Belgium 24 6.9
UK 27 6.1
Ireland 29 5.1
Netherlands 29 5.6
Finland 30 5.6
Spain 33 4.8
France 33 4.8
Germany 35 4.6
Sweden 36 4.4
Italy 38 4.2
Austria 38 4.3
Greece 59 2.1
Source: DIW Calculations. -

CHS (2005) apply the following depreciation rates

o Firms Specific Resources (Firm specific human capital and OC): 40%

e Brand Equity (Advertising and Marked Research): 60%

As part of the COINVEST" project, Awano et al. (2010) have surveyed firms about life
length by asset category, obtaining a figure of 2.7 years in training, reputation and

branding equivalent to a geometric depreciation® rate of 37%.

* COINVEST - Competitiveness, Innovation and Intangible Investments in Europe European.
Commission Framework 7 project funded under the Socioeconomic Sciences and Humanities them.
.http://www.coinvest.org.uk/bin/view/Colnvest.

® We apply simple geometric depreciation and do not refer to the BEA declining balance model, where a

5 years service live assumption could result in a .33 depreciation rate, if the balance rate is set to 1.65.



14

In Germany, the value of a purchased company can be depreciated linearly over five
years if it exceeds its book value. Similar tax regulations exist in several other countries
(OECD 2006). The average capital stock that results from this depreciation schedule
would also be generated by a geometric depreciation rate of about 25% over the same
period of time. Company value can be seen as a catch all variable for all assets not ac-
counted for in the capital accounts of a firm. Given the standard model assumptions of
a perfect economic world and if full coverage can be assumed, the average depreciation
rate of the company value should be the same as the weighted averages of the individ-
ual depreciation rates of all types of intangible and other capital goods. For R&D and
ICT investment we follow CHS in assuming depreciation rates of 20% and 33% respec-
tively (see Table 3). Given an average depreciation rate for company value of around

25%, economic depreciation of OC is expected to be 25% at least.

Table 3: INNODRIVE depreciation rates

Depreciation rate 0.33 0.20 0.25

4. INTANGIBLE CAPITAL: CENTRAL SETTING AND EXPENDITURE-
BASED APPROACH

While CHS (2005, 2006) also consider purchased intangible assets that are traditionally
classified as intermediate consumption, we concentrate on the assessment of own ac-
count production of intangibles. The core idea is that there exists a production func-
tion, which describes the combination of labor, intermediate, and capital necessary to
produce intangible assets. Intermediate and capital inputs in this production function
are different from purchased intangibles (wrongly classified or not), since they consist
of conventional inputs needed to produce service products like energy or office space,
either rented or invested. But intermediate inputs may also include elements of pur-
chased intangibles and the capital used might also include intangible capital, for in-
stance R&D capital in the production of R&D investment. The combination of the

factors of production creates the intangible asset. To quantify the production function,
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we refer to those industries, which are engaged in market production of comparable

types of goods. The following industries have been chosen:

o Computer and related activities (Nace 72) as a proxy for ICT goods,
e Research and development (Nace 73) as a proxy for R&D goods, and
e Other business activities (Nace 74) as a proxy for OC goods.

The amount of intermediate and capital expenditures needed in combination with one
unit of labor expenditures to produce an intangible good are evaluated separately for
each industry. These two factors show the magnitude by which labor expenditures
have to be multiplied to account for the additional intermediate or capital cost needed
to produce intangible capital goods. Together these factors result in a total factor mul-
tiplier, which can be applied at the firm level to generate total production costs for the

different types of intangible capital goods.

In applying this multiplier, we assume an implicit production function of the CD-type
with constant returns to scale in perfect economic surroundings. Apart from the fact
that these assumptions certainly do not hold exactly for existing economies, we note
that the additional input of intermediates and capital cannot be recovered completely
by applying conventional cost shares, since an important input is neglected, namely
the existing stock of accumulated intangible capital. It is not available in conventional
analysis. However, it has to be assumed for instance that the stock of R&D is an im-
portant input in the production of new R&D assets. It is noteworthy that the calcu-
lated multiplier may or may not represent a lower bound depending on how well the
applied intermediate input shares in NACE 72-74 can also capture the purchase of in-
tangibles from other industries. In the performance-based approach, discussed later in
this paper, we use production function estimation applying proxies for intangible capi-
tal to capture the ‘pure’ productivity effect of intangible type work. We also discuss an
approach to estimating a combined multiplier that implicitly takes into account this

missing intangible capital stock

Our approach to accounting for additional factor input differs from the CHS type ap-
proach where gross output of entire industries are classified as intangible good produc-

tion (purchased intangible goods). For example, in constructing national measures of
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intangible investment (including the macro approach in INNODRIVE), purchased or-
ganizational capital goods (structure) are evaluated using the nominal gross output of

”6 We treat invest-

industry “7414 - Business and management consultancy activities
ment in intangibles in a similar manner to investment in tangible goods. The purchases
of these goods are recorded across industries. However, in accounting for additional
factor input associated with labor costs for these goods, we rely on the cost structure in
particular industries. For example, in calculating organizational investment, we consid-
er the use of intermediate consumption (and capital) in other business activities (Nace 74)
to be representative of purchased goods from other industries, including purchased in-
tangibles. Overall, we concentrate on own account production of intangibles but can-

not exclude the possibility that intermediates also include an important part of the

purchased component of intangibles.

Data for the assessment of the factor multiplier are taken from the EU KLEMS data-
base for Finland, UK, Germany, Czech Republic, and Slovenia in NACE industries
72, 73, and 74 within NACE category 7. We assume that the relationship in these in-
dustries between the production factors labor, intermediates, and capital indicates the

cost structure in production of these types of goods in the firms in our analysis.

Compensation for labor services is defined in line with ESA95 definitions for the Na-
tional Accounts including all labor cost accruing to the firm, including also social secu-
rity contributions. Similarly, intermediates are defined in line with ESA95 definitions
for the National Accounts. However, the composition of intermediate input in NACE
72 to 74 differs considerably from the one used in the own account production of in-
tangible products. Supply and use tables (e. g. Destatis, 2006) make transparent that
more than half of the intermediate input in these NACE industries comes from intra-
industry supply of the same industry and possibly very often the same firm. To avoid
overestimating the impact of intermediate input in the production of intangibles and

to capture also better some of the purchased component of intermediates (including

® NACE 2002 version.
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intangibles) in the production of intangible capital, we only consider those intermedi-
ates, which are supplied by other industries. Accordingly, the ratio of intermediate- to
labor costs has been set to 35% of the industry specific value for ICT- and R&D-
products and to 45% for OC-products. The ratio of intermediate to labor costs varies
quite substantially across countries. In particular, in R&D production this ratio is 0.55
in Germany’ and, at 0.28, only half this in the UK (see Table 4).

The concept of capital user costs (OECD 2001, Jorgensen 1963) has been applied to
quantify the expenditures needed to use capital in the production of intangible capital
goods. The main components of the capital user costs are depreciation and the return
on capital®. According to ESA95, in the case of own account production, only the pro-
duction costs can be used in the valuation of the capital goods. This means that profits
are excluded from the calculations of the capital user costs’. We apply an external rate
of return (representing the market interest rate) of 4%. Multiplied with the net capital
stock this yields the interest part of the user costs in NACE industries 72 to 74. Again,
we assume that only 40% of capital- relative to labor costs in these NACE industries is
used for the own account production of ICT, R&D, and OC products. Unfortunately,
the industry breakdown for the capital accounts in EU KLEMS is less detailed than for
labor and intermediates. Only one factor for all three types of intangibles can be calcu-
lated here. Calculations that are more precise can be made for Germany, referring to

the Eukleed (2010) database, which show that capital cost in the production of ICT

" The comparative high value in Germany for intermediates in the case of R&D might have to do with
the fact that R&D activities in many cases have been transferred to special research companies in the
ownership of manufacturing firms. This could imply that in Germany, the part of purchased R&D
(from own affiliates) might have a bigger impact compared with own account production. However, it
is likely that purchased OC activities from own affiliates are also important in international firms. The
lack of persistent figures across the countries may also explain the large differences in intermediate use.

¥ We do not include changes in the prices for investment goods, because of the lack of data there is no
firm level variation in this variable.

® This is different in the performance based approach discussed later in this paper.
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and OC seem to be negligible. One reason for this is that small firms with low capital

input have a strong influence on the unweighted average across firms.

There are several reasons why the average structure of the selected business services
may not adequately represent actual cost shares for firms’ own account production of

capital goods. The calculations contain a number of uncertainties:

o The sampling rate in business services is likely to vary from one country to an-
other.

e The ratio of factor to labor costs may change depending on the business cycle.

o The results for the selected industries depend heavily on the different degree of
outsourcing across countries. Capital services, for instance office space, might
be bought (rented) or supplied by own investment.

o The cost structure may vary depending on whether the produced goods in the
chosen industries are capital goods or other types of goods.

e Industry cost ratios are weighted averages across all firms of the industry in

question.

To emphasise the fact that the total factor multiplier we calculate is a very rough indi-
cator of the cost structure underlying a firm’s production of intangible capital goods,
we apply a common set of factor multipliers for each intangible type (ICT, R&D, and
OC) for all countries. Multiplied with the share of labor costs considered as investment
in intangibles and the wage expenditures of a firm, these factors yield an assessment of
firms' own account investment in intangible capital. The common factor multiplier is

calculated as a weighted average of country specific outcomes (Table 4)."

1% Data for the assessment of the intermediate input and capital cost share are taken as a weighted
average using the EU KLEMS database for Germany (40% weight), UK (30% weight), Finland (15%
weight), Czech Republic and Slovenia (7.5% weights) in the NACE industries 74, 73, and 72 within
NACE category 7 shown in Table 4.
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Weights are chosen so that the sample countries (60% of EU27 GDP in 2000) roughly
represent the whole EU area. Germany accounts for 22.5% and the UK for 17.5% of
EU27 GDP in 2000, which after aggregation (multiplying by 1/0.6) gives respective
weights 40% and 30%. Finland is representative of the Nordic countries and Austria
that account for 10% of EU27 GDP resulting in a weight of 15%. The remaining
weight of 15% is divided between Slovenia and the Czech Republic. Thus these two
countries are assumed to represent both new EU member countries (Slovenia, Czech
Republic, Poland, Estonia, Lithuania, Latvia, Croatia, Hungary, Macedonia, Malta,
Romania), which account for 4% of EU27 GDP, and to some extent Southern and

Central Europe.

Table 4: Factor multiplier for calculating total production costs of intangible assets - EU KLEMS
averages (1999 - 2003)

Type of intangible ICT R&D oCc
industry proxy Nace Nace73 Nace 74
72
Related intermediate costs' - Labor costs=1
Germany 0.25 0.55 0.51
UK 0.36 0.28 0.53
Finland 0.31 0.25 0.50
Czech Republic 0.54 0.36 1.47
Slovenia 0.41 0.24 0.74
Related capital costs? - Labor costs=1
Germany 0.25
UK 0.11
Finland 0.06
Czech Republic 0.21
Slovenia 0.00
Factor multiplier mic’
Germany 1.50 1.80 1.76
UK 1.47 1.40 1.64
Finland 1.37 1.31 1.56
Czech Republic 1.75 1.57 2.68
Slovenia 1.41 0.24 1.74
Weighted average® 1.48 1.55 1.76

135% (45%) of the relation applied in the production of Nace 72, 73, (and 74).

2 Depreciation + net capital*0.04 (external rate of return).
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* Total production cost (excluding profits and including labor costs) related to labor costs.
* GER 0.40, UK 0.30, FIN 0.15, CZ 0.075, SL 0.075

We use the weighted average relationship between labor, intermediates, and capital in
NACE 72-74 as a proxy for the cost structure of own account production of intangible
goods in the firms in our analysis. Combined with the figures in Table 1 (replicated in
Table 5) on the share of labor costs dedicated to the production of intangible capital,
we arrive at a combined multiplier of 0.35 for OC, 1.10 for R&D, and 0.70 for ICT.
The central settings in INNODRIVE are thus shown in Table 5.
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Table 5: Central settings in INNODRIVE

ICT R&D OoC

Investment share of labor h,. 0.5 0.7 0.2
point estimate range (0.4-0.6) | (0.6-0.8) | (0.15-0.25)
Factor multiplier m 1.48 1.55 1.76
Combined multiplier M, =h, -m 0.7 1.1 0.35
point estimate range (0.6-0.8) | (0.9-1.2) | (0.26-0.43)
Depreciation rate 0.33 0.20 0.25

Similar to CHS, we consider the share of organizational work producing intangible
capital to be most imprecisely valued. The share of organizational work producing in-
tangible goods is assumed to range from 15% to 25%. In the literature usually some 70-
80% of R&D investment is considered to be wage costs. Here the 10%-point variation
is shown in terms of the investment share. ICT investment is the smallest category of
expenditure in all countries. The relatively broad range of the combined multiplier (in
comparison to R&D) does not influence much the figures on overall investment in in-

tangibles.

In this expenditure-based approach to measuring intangibles, investment in intangibles
is proportional to the labor costs associated with workers in particular occupations.
These are adjusted with the share of labor costs considered as investment, h. Expen-
ditures for intermediate consumption and capital needed to produce intangible assets
are accounted for by applying the factor multiplier, m, . The calculations have been
made for every type of intangible expenditure. We calculate the expenditure-based

measure of intangible investment as:

icit =MicWicit bicit (1)
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where IC=0C, R&D,ICT , Mc =hg -m, is the combined multiplier (shown in Ta-
ble 5), W, is the wage cost for workers engaged in the production of intangible assets

in firm i (deflated by the earnings index, which is assumed to represent the deflator for

intangible assets) and L, is the respective labor input of these workers.

Having assessed capital formation for the types of intangibles in question, we can now
calculate the intangible capital stock. Each type of capital accumulates according to the

perpetual inventory model, as in EU KLEMS:
Kicit = licit + (1= ic)Kcit1 2

with depreciation rate S, which differs according to the type of asset IC=OC, R&D,

ICT, and gross capital formation in the current year Iici. Kicic denotes the closing stock
(at the end of the year). The opening stock, Kicie1, is the stock a firm starts with (usu-
ally the closing stock of the year before, if no revaluation takes place). To apply these
stock values in a production function, it has to be made comparable with other vari-
ables such as employment, which in most cases is the average (stock) of the number of
persons employed over the year, and production, which is the flow or output over the
year. If the production function is not based on the flow of capital services, a common
procedure to achieve comparability is to calculate the average stock over the course of

a year.

Depending on the assumed depreciation rate, the conventional EU KLEMS methodol-
ogy affords long time series of investment data. Micro data do not allow for a long his-
tory of intangible capital accumulation. The available data range from 5 years in Ger-
many to 13 years in Finland. Let 6 be the first observation for a firm. Capital stocks

are based on observed figures and an estimate of the initial closing capital stock K, , in

the year before we observe a firm in the data. We assume a constant rate of growth in

investment, ¢, before the first year of observation. Back extrapolating yields:

Ig_lzlg(l_g) (3)
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with |, for capital formation of the current year. Given the general cumulative defini-

tion of the closing stock in (2) we can apply the following equation to calculate the ini-

tial stock:

0

Koy = Ié—lz(l_a_ g)t . (4)

0

¢ is the (constant) depreciation rate and gis the growth of investment in the years

preceding the initial year. Applying the sum formula for a geometric row leads to

_1-@-5-9q)
Kypyg=I d-s-g) (5)

A

where | is an estimate of the starting value 1, . In theory 7T should be infinite; for
practical purposes it can be set to 100. Growth rate g is set at 2%, which follows the
sample average growth rate of intangible capital in the observation period. This implies

that we assume that the past and current average growth rates are similar. [ is derived
as the average investment in the five-year period following the first observation year 6.
The average is used to assess the average investment over the business cycle. It is cor-
rected by a discount factor to reflect the growth of investment in the observation pe-

riod.

5. A PERFORMANCE-BASED APPROACH TO MEASURING ORGANI-
ZATIONAL INVESTMENT

The expenditure-based approach to evaluating firms’ own account production of in-
tangible assets assumes a separate production for each type of intangible good, where
inputs are intermediates, capital and labor. The production function was chosen to be
of the type found in industries that produce these respective intangibles as final prod-
ucts. In the expenditure-based approach investment in organizational capital is propor-
tional to the product of the wage rate and hours worked of employees in particular oc-

cupations:
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EXP
locic = MocWociiLocit (6a)

where the proportionality factor My is the combined multiplier reported in Table 5.
Here we outline a performance-based approach, in which investment in intangibles is
assumed to be proportional to the product of marginal productivity and hours worked

in these same occupations:

PERF .
| ocit = M 5cWocit Locit (6b)

where M. is the total multiplier as in (6a) and W, is the estimated productivity of

OC-Habor. The difference from the expenditure based approach is that we allow pro-
ductivity to deviate from the wage rate. Using the expenditure-based estimates as a
starting point we re-estimate the productivity of organizational workers using their
contribution to value added in the production of traded products and intangible capital
goods. We consider a further extension that allows us to estimate directly the com-

bined multiplier, as well as the marginal productivity of organizational workers:

PERFM

| ocit =M ocwocn Locit (60)

where M is the estimated combined multiplier and Wy, is the estimated productiv-

ity of OC-labor. This approach provides a robustness check on the assumptions we

make concerning the combined multiplier.

There are good reasons for questioning whether the wage rate provides an adequate
representation of the productivity of organizational workers and hence of expenditure
on organizational capital. Therefore the performance-based measures of organizational
investment provide important robustness checks on the expenditure-based approach
that is commonly adopted in constructing national measures of intangibles. Hellerstein
et al. (1999) find some evidence that marginal products exceed the wage rate of workers
in managerial and professional occupations, but remark that labor market theory has
no clear explanation for this. Ilmakunnas and Piekkola (2010) show clear evidence that

in Finland both organizational and R&D type workers increase profitability, so that
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their productivity exceeds their wage costs. We suggest that organizational capital is an
important missing input in production, which may partly explain the finding of a posi-
tive productivity-wage gap for workers in managerial positions. Thus, omitting organ-
izational capital in the production function, estimated marginal products become a mix
of compensation for quality adjusted labor and the return to organizational capital.
Other reasons we might find a productivity-wage gap for organizational workers are
associated with the difficulty of assessing and monitoring their productivity. First,
there are likely to exist complementarities between management/marketing work and
other unobserved inputs, or inputs not properly controlled for in estimation. For ex-
ample, due to the complementarities between ICT capital and organizational workers
their individual contributions to productivity may be difficult to measure (Bloom,
Sadun, and Van Reenen, 2007). Also, as discussed above, there are complementarities
between firms’ expenditures on organizational workers and purchases of intangible
goods. Second, although all workers may benefit from some form of rent-sharing with
the owners of the firm, management workers are more likely to be paid in shares or
other non-wage benefits than other workers. This practice arises in part to align the
incentives of managers with the ultimate owners of the company, but may also reflect
the potentially large rewards to the firm associated with organizational work. Third,
and related to the arguments above, the output of management/marketing work may

be difficult to observe, since we do not have an appropriate market valuation.

Here we estimate the productivity of organizational workers relative to other workers
and compare this to the relative wage rate following the approach to estimating pro-
ductivity-wage gaps set out in Hellerstein, Neumark and Troske (1999), hereafter
HNT. It is convenient to model the production function following Mankiw, Romer
and Weil (1992), hereafter MRW, replacing human capital with organizational capital.

Organizational capital is thus considered to be proportional to the labor input™:

" In MRW the human capital investment decision (per head) is made by individuals as part of their long-

term investment (the alternative is investment in physical capital through savings). Organizational
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Kocit = Koc Zocit Lit )

where zoci =Locit / Lirs koc 1 the ratio of organizational capital to organizational

workers, which is predetermined.” We use a constant returns-to-scale production func-
tion. In addition to traded goods firms produce intangible investment for their own
use. Thus, the explanatory variable is sales plus investment in all type of intangibles,
i.e. y, = SALES; +ZIC licii » Where IC=OC, R&D, ICT, for firm 7 in year ¢, and the pro-
duction function can be written as:
(-Boc— 3 bic—byy —bray) X
b
Yir = eXp(&; )bo (G L) eroe (Koc ZocitLit) ™ Hchn M ™ Ko ™ (8)
IC+0C

where Kqp, is tangible capital (plant, property and equipment), M is intermediate con-
sumption, the K, refer to capital stocks of intangible types I/C, and eir is an error
term." The labor input is quality adjusted with factor q,. As in MRW we essentially

assume different production functions for intangible assets and traded goods/services,

but assume these can be exchanged at zero cost.

capital per worker can be similarly provided by training institutes. The amount of organizational capital
still depends on the labor input.

12 An alternative, following MRW more closely, is to assume that organizational capital is proportional
to quality adjusted labor. In this case organizational capital is factored out of the estimation equation,
which is specified in logs. Assuming instead, as we do, that organizational capital is proportional to the
organizational labor input allows us to control for organizational capital in estimating the marginal
productivity of organizational workers. Yet an option that is more consistent with the way in which we
derive intangible investment is to assume here that organizational capital is proportional to
organizational labor costs. In practice this matters less, because of the high correlation across firms
between the input and total cost of organizational labor.

3 The specification imposes decreasing marginal returns to investment in all types of intangible capital.
It is therefore appropriate to use a wide definition of occupations that are engaged in the production of

intangible capital.
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In this simple framework workers are divided into two categories, organizational
workers (OC) and others (NOC). Quality adjusted labor 1is given by

i L. = Lyocic + @locir s Where a=MPo. /MPyoc denotes mean marginal productivity of

organizational workers relative to that of other workers. We assume that on average
the wage rate for other workers reflects their marginal productivity and hence

a=MPqc /Wyoc - Reorganising the expression for quality adjusted labor we can write:
9Ly = A+ (@ —D2z5¢) Ly, )

Following HNT we have Ing, =In(l+(a-1)z.,) = (@—1zy.,, because organiza-
tional workers account for around 10% of all workers and because a denotes relative

productivity (so that the second term in brackets does not deviate very significantly

from zero).

Rewriting the production function in equation (8) in log terms, using the approxima-

tion for Ing, above, and suppressing the time subscript we have:

In yi = cons +boc In Loci +bL In Li +CZOCi + Zb|c In KOCi +bM In Mi +bTAN In KTANi +ei (10)
IC=0C

where b =(@1-boc — Xbc —by —bray) and c=(-byc — Tbc —by —bray)(@a-1)=b (a-1).
Ic+0C Ic#0C

Thus the ratio of the marginal product of organizational workers to the marginal
product of other workers can be derived from the coefficients in equation (10) as

a=c/b_+1; the marginal productivity of management and marketing work differs
from that of the rest of the workers by c/b_ per cent. Note that ko, does not vary

across firms and is absorbed in the constant term.
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In practice we estimate equation (10) separately for each of 4 industry groups and year
using OLS." Industries are (i) Manufacturing, (i) Business service sector (business servic-
es, telecommunication, finance, private health), (i) Trade and consumer services
(wholesale and retail trade, other service activities), and a residual category (iv) Con-
struction, hotels, utilities. We do not impose constant returns in estimation. Because the

number of organizational workers in the firm is correlated with (a—1)z,; across firms

we capture the organizational capital deepening effect on output using the average
number of organizational workers by industry (24 categories) and firm-size (5 catego-
ries) and year, L, as a proxy for L in equation (10). We use the expenditure-based

estimates of intangible investment to construct the dependent variable, and the expen-

diture-based estimates of R&D and ICT capital stocks.

Our estimate of the marginal productivity of organizational workers in firm iz, in in-

dustry group j, at time ¢ is then given by

. ~ Wnocit
Wocijt = @jt —— Wocijt (11)
Wocit

where 4; is our estimate of relative marginal products between organizational and

other workers in industry group j in year ¢ from estimating equation (10) and

Wyocji/ Wocj: denotes the inverse of mean relative wage rates of organizational to other

workers in industry group j in year ¢. The product of these two terms equals the gap
between productivity and the wage rate of organizational workers, because we assume
that on average non-organizational workers are paid their marginal product. Inserting
the expression in equation (11) into equation (6b) our performance-based measure of

investment in organizational capital becomes:

1 We also estimate a pooled regression. In this case we include dummies for all year and industry group

interactions.
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W .

PERF ~  Wnocit
 ocijt =Mocaj — Wocijt Locijt . (12)

ocit

Where possible we also consider a further extension of the performance-based ap-

proach in which we jointly estimate the marginal productivity of organizational work-

ers and the combined multiplier. This involves a simple rewrite of equation (10). The

dependent variable there can be expressed as Iny; =In(y; —IOCi)+In(1+IO¢). Since
Yi —loci

investment in organizational capital relative to sales is not very different from zero we

*  lgei * .

have Iny, =zIny;” +-€L | where y,” = SALES, +ZIC¢OC l,ci - From the expression for the
i

performance-based measure of intangible capital in equation (12) we have

Wnoc

loci =Mgca WociLoci - Substituting these expressions into equation (10) our estimat-

oC

ing equation becomes:
Iny,” =cons +b, INV, +boc InLoe; +by INL; +CZgg;

+ D bic INKog; +by INM; +bray INKoay; +€; (13)
IC+0C

W W 1 L i
NOC *YOCi™=OCi
|NVi Jiel A 19.O2Rel 9197 .57

and b, =—Mgca. As before, the ratio of the marginal
Woc Yi

where

product of organizational workers to the marginal product of other workers can be
derived from the coefficients in equation (13) as a=c/b_+1. The estimate of the com-
bined multiplier can be derived from the coefficients in equation (13) as

Moc =—b, /(c/b, +1).

We estimate equation (13) pooling the coefficients across industry groups and time, but
including dummies for all industry-year interactions. We then estimate this equation
separately for each industry-year category, replacing b, with —Mgca and ¢ with
b (@a-1) in equation (13), where M. is the pooled estimate of the combined multi-
plier. In this approach we estimate the ratio of marginal products, a, using non-linear

least squares. Because of the correlation across firms between the terms that involve
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organizational workers, in one shape or another, we proxy L, and INV, using indus-

try/size/year averages. We use the expenditure-based estimates of R&D and ICT in-

vestment and capital.

In this extended performance-based approach investment in organizational capital is

calculated as:
Wnocit

PERFM _ % 4
locijt =Moca;

jt WocijtLocijt . (14)

Wocit

where My is our pooled estimate of the combined multiplier, which was set to 0.35

(see Table 5) in deriving the performance-based estimate 1ocy "™

in equation (12); 4;,
is our non-linear least squares estimate of relative marginal products between organiza-

tional and other workers in industry group j in year ¢.

The benefit of this extended performance-based approach is two-fold. First, we provide
a check on our assumption about the combined multiplier. Second, in estimating rela-
tive marginal products we are able to treat organizational investment consistently with

its subsequent derivation.

6. GROWTH ACCOUNTING

We assume a Cobb-Douglas production function specification with constant share-
parameters to assess factor contributions to growth in labor productivity, AlIn(Y,/L,),
whereY, is valued added at market prices and L, is the total number of employees in
the private sector. Intangible capital is decomposed into contributions from three
types: organizational capital (OC), R&D capital (R&D) and information technology
(ICT). Tangible capital is denoted by K., - The residual term denotes growth in total

factor productivity. We aggregate the firm-level data on all variables to be representa-

tive of the private sector in the respective industries. This is important as we are inter-
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ested in long-term growth and not only year-to-year changes at the level of the firm.

The expression for growth in labor productivity is given by

Aln (Y:A‘J = %a,CA In (%j +(1- ;a,c —a,)AIn (%) +ATFPR,, (15)

where IC=0OC, RED, ICT. The share-parameterse,. and @, are the costs for each

type of intangible capital J/C and total wage costs, respectively, measured relative to
(nominal) value added (average of periods  and #-7). Value added Y, is given by conven-

tional value added plus investment in intangibles. Thus, value added including invest-

ment in intangibles is given by
Yo=Y, +Z|c let > (16)

where IC=0OC, R&D, ICT and organizational investment may refer to either the ex-

penditure- or the performance-based estimate.

Derivation of labor and tangible capital cost shares is straightforward. In evaluating the
share parameters for the intangible capital items we consider the associated user cost
(Jorgensen, 1963). Following convention, own account production of capital goods is
valued at production cost. The main components of capital costs are depreciation and
the return on capital®. We apply an external rate of return of 4% (representing the
market interest rate) in calculating these user costs, and apply the depreciation rates set

out in Table 5. Thus we estimate:

> We do not include changes in the prices for investment goods, because of the lack of data there is no

firm level variation in this variable.
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where intangible capital and value added adjusted for intangible investment are meas-
ured in nominal terms, and RR is the external rate of return. Tangible capital shares

are calculated by residual.

This approach differs from the Jorgenson-Griliches procedure for estimating the rate
of return cited by CHS (2005). This would imply a common rate of return to both
tangibles and intangibles, assuming that businesses arbitrage their investments across all
types of capital, investing in each type until the rate of return for all assets is equal.
This would be the case if we apply the internal rate of return, as used in the EU
KLEMS project. For better comparison between the expenditure and the performance
approach we apply a unified rate of return for all intangibles, i.e. the external rate of
return. In comparison to the Jorgenson-Griliches procedure, our approach may under-
estimate the contribution of intangible capital to labor productivity growth. This is
because internal rates of return typically exceed external rates of return for the indus-
tries, countries and time periods we consider (see EU KLEMS data; Gorzig and Gornig
(2010) for Germany).

7. CONCLUSION AND EMPIRICAL EVIDENCE ON PARAMETERS

Empirical estimation is done using linked employer-employee data (LEED) in indi-
vidual countries which is comparable from one country to another after aggregation
of it to business sector level. In the analysis conducted by INNODRIVE in Finland,
Norway, the UK, Germany, Czech Republic and Slovenia, the total shares of intan-
gible capital type workers do not differ much from one country to another, and are
typically around 18% of all workers. Organizational workers are the largest group
with the UK at the top, where these workers account for 12% of employment. The
share of managers is around 9% in the UK, 4% in Finland, 8% in the Czech Republic,
9% in Germany, 3.5% in Norway and 6.5% in Slovenia. We believe that micro data
can be used to adjust the national figures. In Germany, the share of managers is much

lower, 2-3% of all workers, using the Labour Force Survey by Eurostat.
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R&D workers represent a notable share of employment of around 6%. The share of
R&D workers is surprisingly low in Germany, being around 5%, although the manu-
facturing sector is large. Finland and Slovenia, where 9% and 7% of workers are en-
gaged in R&D, respectively, stand out as the most R&D intensive countries. In recent
years, the share of ICT workers has been 3% on average, and in this category the

share is highest (4%) in Norway.

We suggest that the calculation of the share of organisational workers is more appro-
priate than management workers alone when evaluating organisational structures of
the own-account type in the Corrado, Hulten, and Sichel (2006) approach. In fact,
including all intangible-type workers in the analysis gives more harmonised figures

than counting only the number of managers.

Here we study main results using LEED data in Finland, the UK and Germany.*
LEED data from Finland in 1995-2008 has 2,933 firms with 400,000 workers covering
nearly one fourth of the private sector employment.. The UK LEED data in 1998-
2006 has 10,000 firms accounting for 20% of GVA in relevant industries. The match
of company data is done at the 3-digit industry level to Labour Force Survey data on
shares of workers with five skill categories. German LEED data in 1999-2003 has 1.5
million establishments about 20 million workers using Social Security Dataset (SSD).
The following three graphs show the development of intangibles. These are measured
per new value added that for consistency includes investment in intangibles. We have
also aggregated the LEED data to be representative at the business sector level. This is
achieved by adjusting the figures for the difference in the value added/employees and
the number of firms in the LEED data and in the whole business sector in five firm-
size and one-digit industry categories. Organisational investment calculated using the

performance-based approach (PER) is also shown.

1® Data for all countries is described in greater detail in Innodrive web page www.innodrive.org, see

working paper: Data and variable description and major outcomes in Innodrive company and country-

level analysis).


http://www.innodrive.org/
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Figure 3. Organisational, R&D and ICT investment per new value added in Finland
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Figure 4. Organisational, RED and ICT investment per new value added in the UK
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Figure 4. Organisational, R&D and ICT investment per new value added in the Germany
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Finland provides an example of the Nordic countries, intensive in R&D capital and
fairly poor in organisational capital (in management and marketing). In both large
countries, the UK and Germany, investment in organisational capital is relatively
high; in relative terms, investment in R&D capital is low. ICT investments are mod-

erate at about 1.5% of value added in all the countries.

The expenditure-based approach gives only part of the picture regarding the value of
intangibles when they are owned by the firm and employees are not fully compen-
sated for the value of intangible production. On average our performance-based esti-
mates of organizational capital are usually higher than our expenditure-based esti-
mates. This is because in most industries and time periods we find evidence of a posi-
tive productivity-wage gap for organizational workers. Indeed, the performance-based

approach increases the relative importance of organisational investment both in the
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UK and in Germany. However productivity varies quite a lot from year to year, and

in general imply that returns have decreased over time.

Of the countries considered, the UK is traditionally considered to have the most or-
ganizational investment in relation to value added. Organizational investment is
around 4.5% of valued added using the expenditure-based approach and approxi-
mately 5% using the performance-based approach where we jointly estimate the
combined multiplier and the relative productivity of organizational workers (using
eq. (6¢)). Assuming instead a combined multiplier of 0.35 (see Table 5), and applying
the performance-based approach in eq. (6b), the performance-based estimates of or-
ganizational investment are significantly higher than the expenditure-based estimates,
similar to the findings for other countries. Finland has less organizational capital:
2.1% of value added, but more than 5.5% of value added using the performance-based
estimates, eq. (6b). These shares are almost the same in Norway (2.7% and 5.5%). Or-
ganizational investment has also increased markedly in more recent years in new EU
member countries, reaching 6.2% of value added in Slovenia in 2004 and 5.8% of
value added in the Czech Republic. The productivity returns to organizational type
work are high and therefore the performance-based approach yields estimates that are

approximately double the expenditure-based estimates.

Using the UK data we also evaluate the combined multiplier used in constructing
these estimates. Based on the analysis in section 4 above we assume a combined mul-
tiplier of 0.35 (see Table 5). The UK data broadly supports this figure, although cen-

tral estimates are somewhat lower.

Slovenia, Norway and Finland have the highest R&D intensity (9%, 6.5% 6% respec-
tively), followed by Germany (4.6%), the Czech Republic and the UK (both 4.0%).
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A1.ISCO88 codes for INNODRIVE intangible occupations

Intangible

ICT
ICT
ICT

R&D
R&D
R&D
R&D
R&D
R&D
R&D
R&D
R&D

OoC
OoC
OoC
OoC
OoC
OoC
OoC
OoC
OoC
OoC
OoC
OoC
OoC
OoC
OoC
OoC
OoC
OC

ISCO88

1236
213
312

1237
211
212
214
221
222
223
311
321

1221
1222
1223
1227
1229
1233
1234
1231
2441
3411
342
241
242
343
3416
347
3416
347

Additional criteria

Higher tertiary

quals Sector

Computing services department managers
Computing professionals
Computer associate professionals

Research and development managers

Physicists, chemists and related professional
Mathematicians, statisticians and related pro

Architects, engineers and related professiona

Life science professionals

Health professionals (except nursing)

Nursing and midwifery professionals

Physical and engineering science technicians

Life science technicians and related associate professionals

Prod. operat. dep managers in agriculture, hunting, fores

Prod. operat. dep managers in manufacturing

Prod. operat. dep managers in construction

General managers in manufacturing

Prod. operat. dep managers not elsewhere classified

Sales and marketing department managers

Advertising and public relations department ma

Finance and administration department managers yes

Economists yes

Securities and finance dealers and brokers yes

Business services agents and trade brokers yes

Business professionals yes

Legal professionals yes

Administrative associate professionals yes

Buyers production
Artistic, entertainment and sports associate production
Buyers yes services
Artistic, entertainment and sports associate yes services




40

A2. Association between intangible purchases and salary costs of workers in 'intangible' occupa-

tions

%point change in purchases associated with a 1 %point change in salary costs (relative to sales)

All Manufacturing Business Retail Other
Services
Purchases of computer and telecommunications services versus salary costs of I'T workers
coeff. tstat.  coeff. tstat.  coeff. tstat.  coeff. tstat.  coeff. t-stat.
(1) 014 953 0.22 55.4 0.10 335 041 47.3 0.35 347
() o.10 62.2 0.18 39.1 009 298 041 47.1 030 285
(3 010 492 0.15 29.2 009 245 030 305 024 215

Purchases of advertising services versus salary costs of marketing workers
coeff. tstat.  coeff. tstat.  coeff. tstat.  coeff. tstat.  coeff. tstat.
(1) 0.08 224 0.08 125 0.05 9.6 0.22 19.0 0.13 8.4
2 009 238 0.06 85 0.05 9.8 0.22 19.0 0.20 124
(3 009 241 0.06 9.1 0.06 11.6 0.21 17.3 0.16 10.5

Notes: 97890 enterprise-year observations; constant term included; regression (1) no other controls (2) industry
and year dummies (3) industry and year dummies and enterprise random effects; Business services include
telecommunications; Other industries include mining, hotels and utilities.

Source: Annual Business Inquiry and Annual Survey of Hours and Earnings, Authors' calculations.



