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1. Introduction

After a severe crisis in the early 1990s, produtgtigrowth started to increase in
Sweden in the mid-1990s. Many economists thougitttte high productivity growth
was due to the recovery of the crisis and woulgerate after a few years. But
productivity growth remained high throughout theipe 1995-2005, even during the
economic slowdown in the beginning of the millenmiun fact, productivity growth
in the Swedish business sector was one of the $siigheughout the western world

(seefigure 1).

It has been argued by economists that there areaply two reasons why Swedish
business sector productivity growth has remainedicerably higher than in many
other industrialized countries: The effects fronrkeareforms in the 1980s and the
revolution in information and communication techowy (ICT). Market reforms are
believed to have effects on competition and thermebreasing the efficiency in the
use of resources and thus productivity (Nickell@9® theory, efficient markets also
lead to increased diffusion of new technology aramt@ase the incentives to innovate.
Despite the evidence of a positive impact of insegacompetition on productivity
growth, it has been difficult to establish dirdokk between Swedish market reforms

in the 1980s and productivity growth in the 199Qs tb long time lags.

According to Schumpeter (1939) innovations areiafdor economic growth. During
the last decades breakthroughs in ICT have spartedhnological revolution. The
invention of the transistor launched the revolutioat generated innovations such as
the semiconductor and the integrated circuit, titerhet and cell phones. Although,
these new products were available on the markei, ¢ffect on the macroeconomic
productivity growth materialized slowfySeveral studies have shown that ICT has
had a significant impact on productivity growthSweden since the mid-1990s
(Edquist och Henrekson 2006; Edquist 2008). Singladence was found for the US

! This was named the Solow paradox after Nobel latarBobert Solow’s famous remark that “you
can see the computer age everywhere but in theiptisidy statistics” (Solow 1987).



economy (Oliner and Sichel 2000; Jorgenson 2004edsoret al 2008; Stiroh
2002).

Although ICT investment remained important for protlvity growth after the turn of
the millennium, its relative impact started to e&se (Jorgensat al. 2008; Edquist
2008). Instead, total factor productivity growtleri@eased in both Sweden and the US.
Thus, the increase in productivity failed to remallesuspicion surrounding the
ability of official data to accurately capture tlaetors that affect economic growth
(Corrado, Hulten and Sichel (CHS) 2006). Severaliss have argued that an
important additional explanation for economic grovg investment in intangible
assets (CHS 2005; 2006; Marrano and Haskel 2006:aM@, Haskel and Wallace
(MHW) 2007; Hao and Manole 2008).

In the Swedish national accounts, intangibles hen treated as an intermediate
expense and not as an investnfeintangibles are considered difficult to measure
compared to tangible assets such as buildings aathimery. Nevertheless, many
advanced economies are moving towards “knowledgeauy” activities, in which
intangible assets play a large role (Marrano anskela2006). As some economies
have become more dependent on high-tech produdtkreawledge intensive
services, investment in intangible assets sucllasagion and research and
development has increased. One way of defininghgibde investment is as
expenditures by businesses intended to boost outpie future that do not take the
form of traditional physical capital (CHS 2005; B)OUnlike physical capital, its
value does not appear on a firm’s balance sheet.

To my knowledge, the impact of intangibles on the@ish economy has never been
systematically explored at the macro-le¥/@hus, this paper will use the methods
developed by CHS (2006) and Marrano and Haskel@Rt@0estimate expenditures
and investment in intangibles in the Swedish bussirsector in 1995-2004. The

results will be compared with similar results foe tUK and the US. Based on these

2 Computer software which is defined as an intamgitalpital in this paper is included in the Swedish
GDRP figures.

% As opposed to tangible assets the value of intdegis highly uncertain; a competitive market for
intangible assets often does not exist.

* Eliasson (2000) investigates the impact of sortanigibles on the 9 and 17 largest manufacturing
firms in Sweden.



estimates the growth accounting framework will Bedito investigate how important
investment in intangibles was for economic growtd productivity growth in
Sweden in 1995-2004.

The following questions will be investigated:

* How large were intangible spending and investmetihé Swedish business
sector in 2004?

* How does intangible investment in Sweden compacgher countries like the
UK and the US?

* How important were investment in intangibles fooreamic growth and

productivity growth in the Swedish business set@&85-20047

2. Data and sources

CHS (2006) and Marrano and Haskel (2006) focuswtangible investment in the
business sector. To facilitate the comparison eif tesults with the Swedish data,
this paper will only address investment in intateghin the business sector.
Intangible investment in the public sector is ataportant, and will be explored in

future papers.

This paper follows the methodological frameworkgety CHS (2006). According

to CHS, intangible assets can be organized in tmaa groups:

1. Computerized information (software, computerizethdases)

2. Innovative property (research and development (R&bheral explorations,
copyright and license cost, product developmefinancial industries,
design)

3. Economic competencies (brand equity, vocationatitrg and organizational

capital)

®> Sweden has a large public sector compared tothettdS and the UK. This implies that comparisons
of investment in intangible assets in the privaeter expressed as a percentage of total GDP beuld
affected.



Various methods and surveys are used to estimatgpnding on such assets for the
years 1995-2004. The specific methods and souoc&sfeden are described below.
It should be noted that the spending only meagteetotal expenditure on a specific
asset and therefore in some cases includes ba#ntwonsumption and deferred
consumption. Only deferred consumption can be densd as investment and
therefore different methods are used to separategénding on current production
from actual spending that is made to expand fytupeuctive capacity (see section
4).

2.1 Computerized information

2.1.1 Computer software

The estimates for computer software stem from tH&KEEMS (2008), a database
financed by the European Commission to analyzeymtbdty in the European Union
at the industry level. The database includes measemts of output growth,
employment, skill creation, capital formation antht factor productivity at the
industry level. Investment is measured by nomimasg fixed capital formation
(GFCF) in software for Sweden 1995-2004. Investnfmnthe public sector is
excluded.

2.1.2 Computerized databases

Spending on computerized databases is alreadydiedlun the estimates of software
spending provided by the EU KLEMS (2008) databasé&iveden.

2.2 Innovative property
2.2.1 Research and development (R&D)
R&D expenditure data for Sweden is derived fromANBERD database (OECD

2006). The ANBERD database has been constructédtimetobjective of creating a

consistent data set that covers business entegxEnditures on R&D (BERD) in



OECD countries. The guidelines for the collectadmternationally comparable
BERD data are set out by the Frascati Manual (208&)ording to the Frescati
Manual, R&D is defined as “creative work undertakena systematic basis in order
to increase the stock of knowledge, including kremlgle of man, culture and society,

and the use of this stock of knowledge to devise aygplications”.

The basic criterion for distinguishing R&D from ethactivities is that R&D should
include an appreciable element of novelty and éselution of scientific and
technological uncertainty. Thus, it is likely tabst R&D that is reported is of
scientific nature and items such as design and ehaekearch will not be included in
R&D figures. Moreover, in order to avoid double ntng with the software figures,
the total R&D spending was deducted with the R&Brgpng on computer and
related activitie$.Moreover, R&D figures for social science and huities in the

business sector were added based on data frorstegsweden.

2.2.2 Mineral exploration

Mineral exploration is based on data from the Ggioll Survey of Sweden. It
primarily covers the prospecting of new ore deosith the expectation of future

returns (as opposed to expenditure on ore-minirgxt@ct existing ore deposits).

2.2.3 Copyright and license cost

CHS (2006) estimate copyright and license cost thi¢ development of motion
pictures and that of radio, television, sound rdcwy and book publishing.
Unfortunately, there is no data over developmestsavailable for the Swedish
radio, television, sound recording and book pultighHowever, there is data from

Sweden available for the development costs of matiotures based on Screen

® For the year 2005 data is based on figures provigeStatistics Sweden. Moreover, for the years
2004 and 2005 it is assumed that R&D spending ompeer and related activities were the same as in
2003 since data is missing.

"R&D in social science and humanities is measusetth@ output of the industry producing social
science research (SNI 732). To capture own accpending the expenditure is multiplied with a
factor of 2. Moreover, in 2005 R&D in social scierend humanities only accounted for 0.3 percent of
total R&D spending.



Digest (2005). Moreover, there is also data ortiheover of motion pictures and
video production and sound recording. Thus, thie dtinvestment in motion picture
over the total turnover of the industry can beneated® It then is assumed that the
video production and sound recording industry hasseame investment/turnover ratio

as the motion picture industry.

2.2.4 Development costs in financial services

Product development in the financial services itryus measured by CHS to be 20
percent of total intermediate spending by finansalices. | therefore use the
measure of intermediate service input which exdudegeermediate spending in the
manufacturing sector. According to Marrano and l#&§R006) one problem is that
intermediate spending includes the purchase ofréidwvey, software, consulting
services and architectural and engineering acwivhich is calculated elsewhere in
the spending calculations. Unfortunately it is possible to subtract spending on
these activities from the Input-Output tables, lseathere is only data available at
the 2-digit industry level. The source of the intediate service spending is EU
KLEMS (2008).

2.2.5 Design

It is important to be aware of what is meant byiglebefore trying to quantify the
extent of design as an economic activity. Distisging design from other activities
matters because several design-related activiteealeeady counted in the formation
of capital in the National Accounts. According taivano and Haskel (2006) a good
starting point to define the design activity is te&tionship between design activities
and the official measurement of R&D under the Faddanual framework.
According to the latter if design is made for te#tiag up and operating of pilot
plants and prototypes, these costs should be iadludR&D. However, if they are

carried out for the preparation, execution and teaience of production

8 Data on the development cost in motion picturemly available for the period 2000-2004. For the
years 1993-1999 and 2005 it is assumed that tlesiment/turnover ratio is the same as the average
for the years 2000-2004.



standardization or to promote the sale of produbtsy should be excluded from the
definition of R&D.

The System of National Accounts (1993) sets outtrevention regarding the
treatment of design services. Accordingly, thegefalty used up or fully transformed
by the production process. This implies that desgwices are treated in most cases
as intermediate consumption, not as capital investnit also implies that the costs

of in-house design activities are deemed not tegda an independent output and so

not counted as a separate product.

In CHS half of the turnover of the architecturatiatesign industry was used as a
proxy for purchased and own account expenditurarohitectural and engineering
design (AED). However, in this paper both purchaaed own account design
activities are estimated by more sophisticated odshThus, the AED services
bought in the marketplace and the AED services vbampanies produce in-house

for internal use will be measured.

Galindo-Rueda, Haskel and Pesole (GHP) (2008) astithe spending on design in
the UK by using wages earned by designers and wusel tables for the product
group Architectural activities and technical cotsnty. Unfortunately, it has not
been possible to obtain supply-use tables for Swatléhe disaggregated level that is
needed to measure the supply of architecturalidesvand technical consultancy
services. Thus, the methods used in this papedifér from the methods developed
by GHP (2008).

The AED services brought in the market place atienased as the turnover of the
Architectural activities and technical consultamgyustry (SIC 742). Due to the lack
of supply-use tables, it has not been possiblstimate how much of the market
design services that are actually produced by S Monetheless, the total output is
weighted by the share of the total proportion opayment in SIC 742 that is related
to design occupations. Based on GHP (2008) theviulig occupations have been
defined as design occupations: Architects and tplanners (SSYK 2141), Civil
engineers (SSYK 2142), Electrical engineers (SSYK3), Electronics and
telecommunications engineers (SSYK 2144), Mechaeitgineers (SSYK 2145),



Chemical engineers (SSYK 2146), Designers (SSYKo24hd Decorators and
commercial designers (SSYK 3471 hus the spending on purchased design
activities can be writtéft

742AED
v o=y

P N 742

(1)

Where,Y, is the measured purchased AED outpuf;’ is the output of SIC 742 and
N’4?2EDis the number of employees with design occupaiiioi&C 742 andN’*?is

the number of employees in SIC 742.

To estimate the AED produced by industries outSitfe 742 (own-account) we
divide purchased AEDYp) with the wage bill of designers in SIC 742N***%.
Thus, a ratio indicating the output per investegevanit in SIC 742 is obtained. It is
then assumed that each invested wage unit is the & persons with design
occupations both working within SIC 742 and outsiflés implies that by

multiplying this ratioYy/ wN"*#AFP

with the wage bill of persons with design
occupations not working in SIC 74&K®*5P) we obtain the own account output. This

can be expressed in the following formula:

Y,
Y - p WN BAED
own wN 742AED

(2)

whereYown is the own account outpui, the purchased outptit.

® SSYK is the Swedish Standard Classification ofpetions.

9 For some engineering occupations it is likely thetemployees to some extent is also involved in
R&D activities which then implies double countiridhis problem is further discussed in Appendix A.
" Data for all variables in equation 1 and 2 is Emé for the period 1997—2005. For the period 1995
96 the wage bill has been estimated based on #rage ratio of wage bill/turnover for the years
1997-2005. Moreover, data on the number of persondoyed in SIC 742 1995-96 are based on the
average ratio of employment in SIC 742 and totgbleyment in 1997—2005.



2.3 Economic competences
2.3.1 Brand equity

2.3.1.1 Advertising

Data on spending on advertising is based on thalStvénstitute for Advertisement
(IRM). Data on classified ads were deducted baseftbares for 2007. Classified ads
then accounted for approximately 8 percent of tatllertisement and 35 percent of

the advertisement in newspap&ts.

The available data includes the public sector. Adiog to a survey by SIFO

Research International approximately 1.1 perceallapending on advertisement
was made by the government sector in 2007. Hehiseassumed that this share is the
same for the period 1993—-2004 and the total investnis deducted by 1.1 percent for
each year. However, this does not include the inveists made by “Svenska Spel”,
the state-owned gambling company.

2.3.1.2 Market Research

Expenditure on market research is measured as teceirnover of the Market and
consumer research industry (ISIC 7413). The esitimas based on the assumption

that own account market research equals purchaaddehresearch.

2.3.2 Vocational training

Spending on vocational training by firms is meadwrsing data on how much firms
in the business sector spent on continuing vocatiaining (CVT). The source is a
survey of employer provided training conducted stiStics Sweden in 1999 (CVTS
1999). A similar survey was carried out in 2005, ibbwas never published by

Statistics Sweden due to a low response ratio.

121t is assumed that classified ads also accoumied percent of the total spending on advertisement
for the period 1995-2005.



CVTS (1999) measures the direct and indirect cofst®ntinuing vocational training
in firms with at least 10 employees as a percentdgetal labor costs in 1999. Thus,
to measure the spending on vocational traininglidirms it is assumed that firms
with less than 10 employees spend the same propastitheir total labor costs on
vocational training. Moreover, it is assumed that proportion of labor costs spend
by firms in 1995-2004 is the same as in 1999. aksumption must be made due to
the fact that reliable data on continuing vocatidraning is only available for the
year 1999.

2.3.3 Organizational structure

2.3.3.1 Purchased organizational structure

Investment in organizational structure (OS) inchughevestment in purchased OS and
own account OS. Purchased OS is measured witluthever of Business and
management consultancy activities (SIC 7414). Tineolver has been adjusted so that
products that only include services that affeceoigational structure are includ&t.
Moreover, the share of the turnover that is puretidsy the public sector is excluded
based on data from the Swedish business magaziaeswrlden (2001-2004}.

2.3.3.1 Own account organizational structure

Investment in own-account organizational structsnmeasured as 20 percent of
managers’ compensation. The occupation used foagaaa is “Legislators, senior
officials and managers”. However, since the pusdictor is excluded legislators and
senior government officials are excluded, but seofficials working for special-

interest organizations are still included.

The data is based on Statistics Sweden. Wage ala¢ach group of managers is
available for the period 1997-2005. There are ngendata available for the period

13 The following services are assumed to affect drgaional structure: Advise regarding distribution,
employees, mergers and acquisition, organizattanes, marketing, production, project leadershig an
administration. It has only been possible to edtintlae share of these services for the year 2006 an
the same share is therefore used to estimate padlmganizational structure for other years.

4t is assumed that the share of turnover purchhgebe public sector is the same for the period
1995-2000 as the average share for the period 200%-

10



1995-1996 for each group of managers. Therefdrastbeen assumed that the wages
follow the average development for wages in thegbe sector and that the number of

managers remained the same as in 1997.

3. Results of intangible spending

3.1 Results for Sweden

Table 1shows that the total spending on intangibles ied@m in 2004 was 300
billion SEK. Thus, the spending was approximatelypgrcent of total GDP and 17
percent of total value added in the business setadne 1also shows the spending
for the different categories of intangibles. Theyést expenditure was on R&D with
68 billion or 23 percent of total spending on irgdres. This corresponds well with
the general view that Sweden is considered to dR&+intensive country.

Spending was also considerable for design, softveaheertising, vocational training
and purchased organizational structure. In fagetteer with R&D these categories of

assets accounted for almost 90 percent of thegptaiding on intangibles.

Spending on own account organizational structure i&abillion SEK and thereby
accounted for 5 percent of total spending. Foo#er categories of intangibles the
spending was 2 percent or less of the total experedon intangibles. For mineral

exploration the spending was as low as 0.1 pefdhie total spending.

3.2 Comparisons with other countries

Figure 2shows the private spending on intangibles as eep&age of GDP in
Sweden, the UK and the US for the three major gitde asset categories:
computerized information, innovative property acdremic competencies. All
countries spent close to similar percentages dwaocé. However, Sweden spent
more than the other countries in relative termovative property, but the
spending on economic competencies was lower in 8awedmpared to the other

countries.

11



Table 2presents the results of spending on intangiblesmescentage of GDP for all
sub-categories. According Table 2the spending on R&D was higher in Sweden
than in the US and considerably higher than intiKe Swedish private spending on
scientific R&D accounted for 2.6 percent of GDPnkle, Sweden spent more than
twice as much as the UK on R&D. The US spent camnaladly more on copyright and
licence costs than Sweden and the UK. Developnusts én the financial industry
were also higher in the US and the UK, while tharslof design spending was
considerably larger in Sweden.

Sweden spent approximately the same amount askhenladvertisement, but a
considerably larger amount was spent in the US elehr, Swedish and US firms
spent a little bit more than 1 percent of GDP ooatmnal training, while the UK
spending was 2.5 percent. Spending on organizatsbneture was lower in Sweden
compared to the other countries. As a percenta@Dét spending on own account
organizational structure was more than 3 timesdrighthe US. However, the way
own account organizational structure is measursggpeome doubts about what is
actually measured. For example US managers areniergl better paid than their

Swedish colleagues, but it does not necessarilyrtted they are more productive.

In total, the US had the highest private spendmgntangibles in relative terms with
13 percent of GDP. For Sweden and the UK the cporeding figures were
approximately 11 percent. Hence, the relative spgnoh intangibles in the business
sector was higher in the US, but was also a ldngeesof GDP in the UK and
Sweden. However, since Sweden has a larger pudgtorsthan the US and the UK, it
is possible that its relative spending on intareghbiould be higher if only value

added for the business sector was considered.

Figure 3shows the spending on intangibles as a share &f &1d value added in the
business sector for the three countries. The Swesgisnding on intangibles was 17
percent, while the corresponding figures for the &€ the US were 16 and 18
percent, respectively. Thus, in relative termsShaedish spending was larger than the
British and the gap to the US decreased when thiméss sector was considered
instead of total GDP. This is explained by the that the public sector in Sweden is

larger than in the two other countries.

12



4. How much of the spending is investment?

According to CHS (2005, 2006) and MHW (2007) ndsakending on intangibles can
be considered as investment. It is necessary tratepthe expense of current
production from outlays that expand future prodwetiapacity. For physical capital
this distinction is often made on the basis ofdbeability or expected service life of a
purchase. The service life of a specific assetscametimes be ambiguous. For
example the definition used by the Bureau of Ecandknalysis (BEA) might differ
depending on the sector that is considered. The &gpkoximate that business fixed
assets have a useful service life of at least tyeaes, but there are also studies
defining business sector equipment as having aceelife of more than one year.

Based on this logic CHS (2005) use four differeéaps to estimate the proportion of
spending that can be considered as investment.

1. If economic research has clearly shown that a giype of spending is fixed
investment, then 100 percent is classified as ahipivestment.

2. If economic research suggests that only a portidheospending on an
intangible pays off in future year (or years), théiadings are applied.

3. When there is a strong suspicion that the lifetoha type of intangible may
not be at least three years, the item is discounge2D percent and a range of
estimates of capital investment is shown for thmit

4. When there is a strong suspicion that a portiaefspending may be of
routine tasks or represent current consumptionptiret estimate is

discounted 20 percent.

It is recognized that these steps do not providieeeise measure of the spending that
can be considered to be capital investment. Edpethia last two steps are vague and
the discounted percentage is arbitrary. Nevertbelagotal the results by CHS

(2005) show that business spending on intangibesawsubstantial and growing
component of the economy in the 1990s. Thougk,assential that future research
try to improve these methods.

13



Table 1shows the proportion of spending considered assiimvent based on CHS
(2005). Little is known about the service life oftsvare. However, the BEA assumes
three years service life for all prepackaged saftveand a five year service life for
custom and owned software. Therefore CHS (200&inasghat 100 percent of the
total spending on computerized information showdlassified as capital investment.
The same rule applies for scientific R&D spendimgeral exploration, copyright

and license costs and development costs in finbsergices.

Based on estimates provided by GHP (2008) onlyes6gmt of design spending
should be counted as investment. Economic researaharketing finds that the
effects of advertising are generally short livedwéver, according to Landes and
Rosenfield (1994) more than half has a serviceolifat least one year and one-third
makes a cutoff of three years. Thus, CHS (200%nest that approximately 60
percent of total advertising expenditures have lasgng effects. Continuing
vocational training has long lived effects andhisrefore counted as investment.
Spending on organizational change is also likellyawe long-lived effects. However,
a portion of purchased management expertise isrradhitine tasks and therefore only
80 percent of the purchased spending on organmadtsiructure is considered as

investment.

It is evident that the process of estimating thegprtion of the spending that is
actually investment in many cases is not very geebut rather based on ad hoc
assumptions. Nevertheless, it is of importancestthe best available information to
try to measure investment in intangibles. Moreof@rsome of the more important
types of intangibles like scientific R&D and voaatal training the service life is
without doubt at least 3 years and 100 percertieEpending should therefore be

counted as investment.

Figure 4shows that the measured spending on intangibdsasss approximately 11
percent of GDP in 2004. Based on the method destabove, it is estimated that the
total investment in intangibles was 246 billion S&K9 percent of GDP. The
Swedish investment in fixed capital for the bussnesctor in 2004 was 361 billion

SEK or 14 percent of GDP. Hence, the estimatedstnvent in intangibles was

14



almost two-thirds of the investment in physicalitalpThis clearly shows that
investment in intangibles was considerable in campas with investment in

physical capital.

It is also interesting to note that in 1960 thessivnent in physical capital in the
Swedish business sector was 22 percent of GDPinvlestment in physical capital
has thus decreased considerably in the Swedishdmsssector since 1960. However,
if investment in intangible capital is added to picgl capital the total investment
becomes 23 percent of GDP. There are no estimatdalzle for intangible capital in
1960, but it is likely that investment in intangiblwere much lower in 1960
compared to 2004. Thus, it is not necessarily tinae investment in the Swedish
economy has decreased quite rapidly as argued my a@nomists. It is more likely

that the structure of the Swedish economy has becoaore based on services.

5. Growth accounting methodology

The growth accounting methodology is used to amallye impact of intangibles on
productivity growth and labor productivity growthihe model used is based on CHS
(2006) and MHW (2007). It assumes that there aeetgoods produced, a

consumption good, with real output volu@eand priceR°, tangible investment

good,l; with price P' and an intangible investment godwith price P" , where the

subscript denotes time. In the Swedish nationabatis most intangibles are treated

as intermediates, while it could be argued that #feuld be treated as capital.

5.1 Intangibles treated as intermediates

Assume that the intangible investment good is gghas an intermediate. Then the
tangible capital stocK; is assumed to accumulate according to the perpetua

inventory method:

Kt = It + (1_5K)Kt—l (3)

15



with depreciation rat@, . Suppose that factors are paid their marginalyebédnd

the production function is homogenous of degreehgen it is possible to denote the

production function and money flows for each seawfollows:

(a) Intangible sector:

N, = F"(Ly,, Kyoot); PYN, =R'L,, +P“K\, 4)
(b) Tangible sector:

|, =F' (L K Ny RP'I, = F’tLLlyt + F’tKK,Yt + PtNlet (5)
(c) Consumption sector:

Ct = FC(LC,I ’ KC,t ’ NC,t 't)' RCCI = F)tLLC,t + F)IK KC,t + F)IN NC,t (6)

Equation (4) states that the output of intangidgsroduced by labor and tangible
capital in the intangible sector and that with dastpaid their marginal products, the
value of the intangibles produced equals the rsttoiabor and tangible capital used

in that sector.

Since intangibles are supposed to be intermedidteqroduction functions for the
tangible and consumption sectors (3 and 4) shotthieavolume of intangible output
is simply an input into the production of tangilled consumption goods. Thus,

intangibles are intermediate inputs and do not apjpetotal output:

P°Q =P°C, +P'l, =R"L, +P*K, )

Where the prime ‘ indicates the case where intdegiaire treated as intermediate
expenditure and Lsl+L,+Lcand K=K\+K+K¢. Equation (7) shows the equality of
GDP on the expenditure side and income side.

5.2 Intangibles treated as capital

Suppose that the intangible investment good isrdegbas capital. The intangible
capital stockR;also accumulates according to the perpetual invemodel:
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R[ = Nt + (1_5R)Rt—1 (8)

where R depreciates at radg. The production function and money flows for each

sector can be written:

(a) Intangible sector:

N, = F"(Ly,, Ky Rueot); PYN, =R'Ly, +P“Ky, + PRy, (9)
(b) Tangible sector:

l, =F'(L,,.K, Rt BRI, =R"'L,, +P“K,, +R"R, (10)
(c) Consumption sector:

C, =F%(Ley Key Repot); R°C, =R L, +R*Kc +R R, (11)

In contrast to equation (4) the stock of intangitdgital,R; rather than intangible
output, appears as an input in the production fanstand the payment to that stock,

P" R, appears in the payment equations rather than payorethe entire used up
intermediate output. The corresponding output itenbw includes the value of

output of the intangible good on the productioresi@" N, and the payments to the

stock of intangiblesP® R, on the income side:

R*Q =R°C, +R'I, +R"N, =R'L +R“K, +R"R (12)

where the total output of the intangible good N=NN;+ Ncand the intangible stock
is R=R\+R+Rc.

The following conclusions can be drawn. With intdaes being treated as capital

output is increased frorR° Q, toP? Q, . The investment rate increases fr&hl,/
P°Q to (R'k+P"N) /P Q, and the labor share falls froR* L;/P°Q, to P" L

/P? Q, where labor share is the proportion of total inegmaid to labor.
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5.3 Growth accounting

Based on the growth accounting framework describegctions 5.1 and 5.2 the

growth accounting relations can be written in thiéofving way:

AInQ, =s'AlnL, -s“AInK, +AInTFR (13)

AINQ, =sAInL, —-s‘AInK, +sfAINR +AINTFR (14)

where equation (13) shows the expression in the wagre intangibles are expensed
and equation (14) shows the case where they ar@alizgd. The equations show that
the effect of including intangibles on growth isl@guous, depending on the growth
rate of real intangible investment. Moreover, tharss differ between (13) and (14)

since both output and payment to capital differ.

In terms of decomposing labor productivity we degt following equations:

AIN(Q'/L), =s"AIn(L¥/L), +sAIn(K/L), +AInTFR (15)

AIN(Q/L), =s"AlIn(L*/L), +s*AIn(K /L), +sF(t)AIN(R/L), +AInTFP (16)

Since the quality of labor hours varies we distisglbetween employee houtsand
quality adjusted employee hout&£”. The factor shares are denoted witlsamd are
averages of shares over which the time differea¢akien, so that is a Térnquist index
number. The share of capital is defined as one snine share of labdr.In equation
(16) the level of output has risen, however, thengh rate may or may not rise

depending on the growth rate of real intangibleestinent.

There are many different capital assets. For exarfigpltangibles there are plant,
buildings, vehicles and computer hardware; forrigtales there are R&D, software,
design etc. Thus, theinK andAInR terms must be constructed to incorporate these
many types. According to Jorgenson and Grilich@&T) the theoretically correct
capital measure in a production function is theises that capital provides into

!> This is accurate if there are constant returrscade at the overall economy level, but clearlasa
where better measurement would be helpful.
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output. These services for each type of capitalb@ameasured by the rental
payments that a profit-maximizing firm would payred is renting its capital. Since
firms rarely do this but buy the capital assetd@ricep” and then use it over its
lifetime, the market-clearing rental payment foramset Bp®, can be derived as:

pitB =T, |_rit pi/i—l + 5nA pif\ —( pi'tL\ - pi/i—l)J’ B=K, R (17)

whereT is a tax adjustment amds the rate of return on the asset. This equdtads
for each type of capitél The relation between this and thieK andAInR terms in
(14) can be derived as follows. The overall levighrofit in the economyy, is by
definition the overall payment to capital whictthe sum of all rental payments to
each capital type. This can be written:

¢ = Zin:l pi K + Zin;nﬂ pr R, (18)

Where there are tangible assets amd-1 to mintangible assets. Second, the overall
volume index of capital services can be shown ta bbare weighted average of all

the asset-specifisinK andAInR

AlnK, =37 (piKi /$)AINK, (19)

AINR =Y (PRR, /4)AINR, (20)

where the shares are the flow of rental paymen¢dch asset as a share of total rental

paymentsd).

There are no time-varying depreciation rates alikaland therefore they are set
constant over time. Moreover, there are no assatHgprates of returrr;, but in a
competitive market; will equalize across assets. Under these assunsatics
possible to solve farandp® in equation (17) and (18). Since the overall paynte
capital is known in the economy it is possibledtrvs for the unobserved asset-

specific rental prices that would ensure that ajimpents to capital assets added up to

Q.
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To summarize, growth accounting is implementedhenfollowing steps.

a) Collect a time series of nominal investment inmgjidle and tangible assets,
deflate to get real investment series and buikebh capital stock using
perpetual inventory method. See equations (3) &nd (

b) Re-calculate market sector value added to inclotigibles, see equation
(7).

c) Adjust the operating surplysfor market sector value added, see equation
(18).

d) Calculate volume index of capital services of alital inputs, ensuring the
asset rental payments are consistent with the @ajusperating surplus, see
equations (17)—(20).

e) Build a quality adjusted labor index to measuPé in equations (13)—(16)

f) Undertake growth accounting in equations (13)—(16)

6. Growth accounting results

Growth accounting for the Swedish business se@sibieen carried out for both GDP
growth (see equations 13 and 14) and labor prodtycgrowth (see equations 15 and
16). The growth of GDP and labor productivity isbBzed both including and
excluding intangible capital. The analysis is basedhe time period 1995-2004 and
for the subperiods 1995-2000 and 2000-2004. Thieelod subperiods has been
made to analyze the boom years of the Swedish I€dcte and the years after the
burst of the Swedish ICT bubble.

6.1 Contribution to business sector growth

Table 3shows the result of the growth accounting forvtele period 1995-2004.
When intangibles are excluded the annual the bssisector growth was 3.9 percent.
ICT tangible capital accounted for 0.4 percentagatp of the value added increase

while other tangible capital accounted for 1.3 patage points. Labor and labor
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quality accounted for 0.1 and 0.3 percentage poiespectively. The residual, TFP,
accounted for 1.8 percentage points. Thus, a ceradie share of the Swedish
business sector growth could not be explained éyrdditional types of inputs i.e.
labor and tangible capital.

Table 3also presents figures of growth accounting ineigdntangible assets. The
value added growth then increases to 4.1 peragatitating that intangibles also had
a positive effect not only on the level of valueled, but also on the business sector
growth. ICT tangible capital and non-ICT tangibépital accounted for 0.3 and 1.2
percentage points, respectively. The same holdsli@r and labor quality with 0.1
and 0.3 percentage points of business sector gnatgehThe largest difference is
found for intangible capital that accounted formasch as 1.8 percentage of business
sector growth. Hence, intangible capital accoufded4 percent of the total business
sector growth in 1995-2004. TFP only accountedfémpercentage points, and thus
TFP decreased substantially when intangible capialincluded in the growth

accounting analysis.

For the subperiod 1995-2000 annual business sgath was 4.5 percent when
intangibles were excluded. Labor growth accounteafconsiderably larger share of
growth with 0.9 percentage points compared to #reod 1995-2004. This implies
that TFP accounted for 1.1 percentage points cosdpar1.8 percentage points in
1995-2004. When intangible capital was includetheanalysis it accounted for
nearly 2.5 percentage points of value added aldtneg in negative TFP growth by
—0.5 percentage points. Thus, investment in intdagiapital was considerable during

the Swedish productivity boom of the 1990s.

For the period 2000-2004 annual business sectartigrecreased to 3.2 percent
with intangibles excluded. Both the contributioarfr ICT-tangible capital and non-
ICT tangible capital was lower than for the earperiod with 0.2 and 1.0 percentage
points, respectively. Labor had a negative impacgmwth with approximately —0.8
percentage points. TFP accounted for 2.6 percemiiges of value added. When
intangible capital was included the growth raterdased to 3.0 percent. Intangible

capital accounted for 0.9 percentage points ofrffass sector growth, while the
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impact of other inputs decreased slightly and TiPascounted for 1.5 percentage

points.

In total, the results show that intangible capiatounted for a large share of total
business sector growth in 1995-2004. When intaagibpital was included in the
growth accounting analysis, TFP decreased condiljerBhe results for the
subperiods 1995-2000 and 2000—-2004 show that iti@sdhad a much larger
impact on business sector growth in the earlielogewhere inputs accounted for all
growth and TFP was negative. For the period 20004-20-P accounted for a larger

share of business sector growth.

6.2 Contribution to labor productivity growth

While GDP is a measure of the growth rate of alhfigoods and services produced,
labor productivity measures the growth rate of GigPamount of labor resources
used to produce the output in the econoiable 4shows the labor productivity
growth in the Swedish business sector 1995-2004arttle subperiods 1995-2000
and 2000-2004.

For the period 1995-2004 the annual labor proditgtgrowth was 3.7 percent when
intangible capital was excluded. ICT tangible capgind non-ICT tangible capital
accounted for 0.3 and 1.3 percentage points, réspBc Labor quality accounted for
0.3 percentage points while TFP accounted for ér8gmtage points. When intangible
capital was included, labor productivity growthrieased slightly to 3.9 percent. The
other inputs all accounted for slightly smallerr&sawhile intangible capital
accounted for 1.8 percentage points of the groatih and thus 46 percent of the total
labor productivity growth. TFP accounted only fo4 @ercentage points of the

productivity growth when intangibles were included.
For the subperiod 1995-2000 the labor productigrtwwth was 3.2 percent when

intangibles were excluded, while it increased v8hen they were included in the

growth accounting analysis. Intangible capital atded for 2.3 percentage points and
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thus more than 60 percent of the labor productigrywth. In total inputs accounted

for all the labor productivity growth implying th&FP was negative.

For the period 2000—-2004 the labor productivitywgtowas 4.4 percent and thus
more than 1 percentage points higher than in 19833-2TFP was as high as 2.6
percentage points. When intangible capital wasughedl the labor productivity growth
rate became 4.2 percent. Intangible capital theowatded for 1.1 percentage points
and TFP decreased to 1.5 percentage points.

Table 5shows the decomposition of intangible capital i different categories of
intangible capital. For the period 1995-2004 corapméd information, innovative
property and economic competencies accounted 2011 and 0.6 percentage points
of labor productivity growth. R&D accounted for tla@gest share with approximately
0.7 percentage points, indicating that investmem&D was of very high importance
to labor productivity growth. Design, vocationalitring and purchased
organizational structure were also important f@olaproductivity growth with a
contribution of 0.3, 0.2 and 0.2 percentage pomaspectively. Computerized
information and advertisement also accounted fgriicant shares of labor

productivity growth.

In total, intangibles accounted for as much asefégnt of labor productivity growth
in the business sector in 1995-2004. For the sidip&095—-2000 the share was even
higher than 60 percent making TFP turn negativett®period 2000-2004 the
impact of intangible capital decreased while, TIERdme larger. Thus, the results for
labor productivity growth follow the same pattesifar GDP growth in the business

sector.

6.3 Comparisons with other countries

There has been a number of studies of the impantarigibles on growth and
productivity growth for other countries (see CH®@0MHW 2007; Hao and Manole
2008). The results show that investment in intalegilaccounted for a substantial part
of GDP and labor productivity growth in the US, thi, Germany, France, Italy and
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Spain in 1995-2003. Among these countries the Whmhighest productivity
growth with 3.1 percent per year. Intangible cdgtaounted for 0.8 percentage
points or 27 percent of the total labor producyigtowth. However, the total factor
productivity remained as high as 1.1 percentagetp@ven when intangible assets

were included in the growth accounting model.

In the UK and France annual labor productivity gitowas 2.9 percent and 2.2
percent, respectively. Intangible capital accoufded.6 and 0.7 percentage points,
which then implies that the relative impact frortaimgible capital was 20 and 34
percent, respectively. For Germany annual labodyctvity growth was lower with

1.6 percent, but the relative impact from intanggblvas as high as 41 percent.

When the results presented for Sweden are compatiedhe other countries it is
evident that the labor productivity growth in thee&klish business sector was the
highest among the countries with 3.9 percent par.ydoreover, no other country
had as high TFP growth as Sweden when intangibées excluded (skgure 1).
Thus, for no other country the actual TFP growtbrelased so much as for Sweden

when intangible assets were included in the graettounting analysis in 1995-2004.

6.4 ICT and intangible investment

One important explanation for the high productingtpwth is that Swedish firms to a
large extent invested in ICT. Several studies Hauad that ICT had an important
impact on productivity growth in Sweden as weltlas US (see Oliner and Sichel
2000; Gordon 2000; Stiroh 2001; Edquist and Hermek006; Edquist 2008;
Jorgensoret al 2008). Edquist (2008) argues that ICT accoundeaéarly 50
percent of labor productivity growth in the Swedmslsiness sector 1995-2000.
However, the results presentedable 4shows that investment in ICT capital only
accounted for 16 percent when intangible assetexaleded.

There are primarily two reasons why the resulthis paper differ from Edquist

(2008). The first is that software that is usudkfined as ICT-capital in this paper is
defined as an intangible investmenable Sshows that software accounted for 0.2
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percentage points of the labor productivity growtli995-2000. The second reason
is that Edquist (2008) attributes a large shath®fTFP growth to ICT. The reason is
that TFP growth has been very high in the ICT-ponaly industry. This is primarily
due to rapid technological change in the ICT-praggiendustry, but also to the fact
that ICT-producing firms have made substantial stneents in intangible assets that
show up as TFP growth in the ICT-producing indusistead as intangible
investment. For example the Swedish telecommuicaquipment firm Ericsson

invested approximately as much as 31 billon SER&D worldwide in 2008.

7. Conclusions

Few industrialized countries have had as high dnoates of productivity as Sweden
since the mid 1990s. Among economists large Swedisgstment in ICT and the
market reforms undertaken in the 1980s to impramepetition have been two
important explanations for the productivity boomthis paper it is argued that
extensive investment in intangible assets alscamadhportant impact on the
productivity growth in 1995-2004.

To investigate the impact of investment in intaihgidssets, data of intangibles has
been collected based on the framework by CHS (2B036). Although the
methodological framework must undergo improvemémsesults show that
intangibles are quantitatively important. In 2064 total private spending on
intangibles was 300 billion SEK which is equivalémtL1 percent of GDP or 17
percent of value added in the business sectore§oponding figures for the UK and
the US were 11 and 13 percent of GDP, respectively.

Based on the method in CHS (2005), 246 of the 3l6rbof spending on intangibles
could be considered as investment. The correspgridjare for physical capital in
the business sector was 361 billion, which impiieg investment in intangibles
accounted for approximately two-thirds of the irmesnt in physical capital. Thus,

investment in intangibles accounted for 9 percémbtal GDP in 2004.
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The estimates of investment in different intangbhere used in a growth accounting
framework to decompose economic growth and labamalysstivity growth in the
Swedish business sector. When intangibles wereidedlfrom the analysis, tangible
assets, including ICT, accounted for 43 and 44qrerof economic and labor
productivity growth, respectively. However, TFHIsitcounted for 45 percent of
economic growth and 48 percent of labor produgtigiowth. Thus a large part of the
productivity boom in 1995-2004 could not be expdiy the respective inputs of
tangible capital and labor.

When intangible assets were included in the gragtounting analysis the impact
from other inputs decreased to 37 percent of botim@mic and labor productivity
growth in 1995-2004. Intangible capital accountadas much as 44 percent of
economic growth and 46 percent of labor produgtigiowth. This also implied that
the TFP component decreased radically to 9 peafdmith economic and labor
productivity growth. From these results it is pbssito draw the conclusion that a
large share of the unexplained labor productivigngh was explained by increased

investment in intangible assets.

When the two subperiods are analyzed it is evitlaattintangible capital had a
particular impact on labor productivity growth i895—-2000. It then accounted for 63
percent of labor productivity growth. This also iegd that TFP became negative,
indicating that the inputs actually accounted farenthan the actual output. It could
be argued that this is a sign of overinvestmenthénsecond subperiod intangible
capital only accounted for 27 percent of labor piitvity growth, while TFP

accounted for 37 percent of labor productivity gitow

It is important to be aware of the potential promeof the growth accounting
framework when the results are interpreted. Ortb@problems with the growth
accounting framework is that it assumes that imaest has an immediate and
constant effect on growth. It is however most fkiat investment in both tangible
and intangible capital has an effect on growth awany years, but in the growth
accounting framework the effects are immediate@nd 1 to 1 basis. This makes it
possible to argue that the large investment imugpitaes in the mid 1990s could have

had large effects on productivity growth also after year 2000 when investment in
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intangible deceased this could be one of the resatsotine increased TFP growth in
2000-2004.

The strong productivity performance in the Swedisbnomy since the mid 1990s has
among economists, primarily, been explained bycavery effect, market reforms
undertaken in the 1980s and the impact from theni@ogical revolution of ICT
including innovations such as the Internet and hegithhones. This paper has shown
that another very important explanation is thedaryestment in intangible assets
made by Swedish firms. These investments accodote800 bn SEK in 2004 or as
much as 9 percent of GDP. Based on the growth aticguframework, it is shown
that investment in intangible assets accounted$anuch as 46 percent of labor
productivity growth in 1995-2004.

It is recognized that the estimation of investmenntangibles is no exact science and
that the methodological framework must undergo supments. Nevertheless, based
on the results presented here it can be arguethth&@wedish economy has become
more dependent on intangible investment, includiagy knowledge intensive
services. Moreover, since intangibles are imporfi@ntinderstanding and analyzing
economic and productivity growth, they should dsancluded in the National
Accounts.
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8. Tables and figures

8.1 Tables
Table 1 Spending on intangible assets in Sweden 200
Type of intangible investment Sources Total Percent of Proportion of
spending intangibles spending
2004 (bn considered as
SEK) investment
1. Computerized information 48.2 16
a) Computer software EU-KLEMS 48.2 16 1
b) Computerized databases Included in computer n.a. n.a 1
software
2. Innovative property 140.0 47
a) R&D OECD ANBERD 68.3* 23 1
b) Mineral exploration SGU (Geological 0.25 0.1 1
Survey of Sweden)
¢) Copyright and license costs Screen Digest 15 05 1
d) Development costs in EU-KLEMS 6.6 2 1
financial industry
e) Design Statistics Sweden 63.3 21 0.5
3. Economic competencies 109.3 37
a) Brand equity
Advertisement Swedish Institute for 37.4 12 0.6
Advertisement (IRM)
Market Research Statistics Sweden 4.7 2 0.6
b) Vocational training Statistics Sweden 27.6 9
c¢) Organizational structure
Purchased Statistics Sweden and  27.3 9 0.8
Affarsvarlden
Own-account Statistics Sweden 15.1 5 1
Total Spending 300.4 100

Note *To avoid double counting the investment in R&Ddeducted with the R&D investment for
computer and related activities. The latter is Hasethe year 2003 while total R&D investment is
based on the year 2004.

Sources“Sourcesin table and own calculations.
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Table 2 Percentage of GDP spending on intangible sets in Sweden and
the UK in 2004 and the US in 1998-2000

Type of intangible investment Sweden Us UK
1. Computerized information 1.8 1.7 1.7
a) Computer software n.a. n.a. n.a.
b) Computerized databases n.a. n.a. n.a.
2. Innovative property 5.3 4.6 3.2
a) R&D 2.6 2.1 11
b) Mineral exploration 0.01 0.2 0.04
c) Copyright and license costs 0.1 0.8 0.2
d) Development costs in financial industry 0.3 8 0. 0.7
e) Design 2.4 0.7 1.2
3. Economic competencies 4.3 6.9 6.0
a) Brand equity 1.6 2.5 1.6
Advertisement 14 2.3 1.2
Market Research 0.2 0.2 0.4
b) Vocational training 1.1 1.3 2.4
¢) Organizational structure 1.6 3.1 1.9
Purchased 1.0 0.9 0.6
Own-account 0.6 2.3 1.3
Percent of total GDP 11.4 13.1 10.9

SourcesCHS (2006), Marrano and Haskel (2007) and owoutations.
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Table 3 Growth accounting with and without intangible assets for the
business sector

1995-2004 1995-2000 2000-2004
Excluding Intangible Capital (%)
Annual GDP growth rate 3.9 4.5 3.2
Contribution of inputs
ICT tangible capital 0.4 0.5 0.2
Non-ICT tangible capital 1.3 1.6 1.0
Labor 0.1 0.9 -0.8
Labor quality 0.3 0.4 0.3
TFP 1.8 1.1 2.6
Including Intangible Capital (%)
Annual GDP growth rate 4.1 5.0 3.0
Contribution of inputs
ICT tangible capital 0.3 0.5 0.2
Non-ICT tangible capital 1.2 1.4 0.8
Labor 0.1 0.8 -0.7
Labor quality 0.3 0.3 0.3
Intangible capital 1.8 2.5 0.9
TFP 0.4 -0.5 1.5

SourcesEU KLEMS (2008), sources listed table 1and own calculations.

Table 4 Labor productivity growth accounting in the business sector
1995-2004 1995-2000 2000-2004

Excluding Intangible Capital (%)

Labor productivity 3.7 3.2 4.4

growth

Contribution of inputs

ICT tangible capital 0.3 0.5 0.2

Non-ICT tangible capital 1.3 1.2 1.3

Labor quality 0.3 0.4 0.3

TFP 1.8 1.1 2.6
Including Intangible Capital (%)

Labor productivity 3.9 3.7 4.2

growth

Contribution of inputs

ICT tangible capital 0.3 0.4 0.2

Non-ICT tangible capital 1.1 1.1 1.0

Intangible capital 1.8 2.3 1.1

Labor quality 0.3 0.3 0.3

TFP 0.4 0.5 1.5

SourcesEU KLEMS (2008), sources listed table 1and own calculations.
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Table 5

Contribution of intangible capital deepenirmy to the annual change

in labor productivity in the business sector (percetage points)

1995-2004 1995-2000 2000-2004

1. Computerized information

2. Innovative property
a) R&D
b) Mineral exploration
c) Copyright and license costs
d) Development costs in financial industry
e) Design

3. Economic competencies

a) Brand equity
Advertisement
Market Research

b) Vocational training

c) Organizational structure
Purchased
Own-account

Total intangible capital deepening

0.15 0.19 0.10
1.02 1.24 0.67
0.66 0.79 0.45
0.002 0.003 0.001
0.01 0.01 0.01
0.06 .00 0.03
0.28 0.35 0.19
0.63 0.88 0.36
0.15 0.25 0.05
0.13 0.22 0.05
0.02 0.03 0.001
0.20 0.28 0.11
0.28 0.35 0.19
0.17 0.22 0.11
0.11 0.13 0.08
1.80 2.30 1.13

SourcesEU KLEMS (2008), sources listed fable land own calculations.
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Table 6
2004

Estimates of lower bound spending on intanigie assets in Sweden

Type of intangible investment

Total spendingower bound

2004 (bn SEK) estimates 2004

Investment

Lower bound

investment

1. Computerized information
a) Computer software
b) Computerized databases

2. Innovative property
a) R&D
b) Mineral exploration
¢) Copyright and license costs
d) Development costs in
financial industry
e) Design
3. Economic competencies
a) Brand equity
Advertisement
Market Research
b) Vocational training
c¢) Organizational structure
Purchased
Own-account
Total Spending

48.2
48.2

n.a.

140.0
68.3*
0.25
15
6.6

63.3
109.3

37.4
4.7
27.6

27.3
15.1
300.4

48.2
48.2

n.a.

116.7
68.3
0.25
15
6.6

40.1
83.9

22.1
4.7
22.1

27.3
7.6
248.7

48.2
48.2

n.a.

108.2
68.3
0.25
15
6.6

31.7
86.7

22.5
2.8
27.6

21.8
12.1
246.4

48.2
48.2
n.a.

96.7
68.3
0.25
1.5
6.6

20.0
68.6

13.3
2.8
22.1

21.8
7.6
213.5

Note *To avoid double counting the investment in R&Ddeducted with the R&D investment for
computer and related activities. The latter is Has®ethe year 2003 while total R&D investment is

based on the year 2004.

Sources“Sourcesin table and own calculations.

Table 7 Sensitivity analysis of labor productivitygrowth accounting

Base case Il \Y;
LP growth 3.9 3.8 4.0 3.9 4.2
Contribution of inputs
Tangible capital 14 1.4 1.4 15
Intangible capital 1.8 2.3 1.4 1.9
Labor quality 0.3 0.3 0.3 0.3
TFP 0.4 1.0 0 0.8 0.5

Source Own calculations.

Note (I) All conversion factors are halved except $oftware. (1) Doubled expenditure on each
intangible that is considered uncertain. (11l) Dadhdepreciation rates except brand equity, wtsch i
set to 0.9. (IV) Machinery and equipment deflatams used for intangibles instead of value added

deflators.
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8.2 Figures

Figure 1 Labor- and total factor productivity growth in the business sector
in 13 EU-countries and the US 1995-2005 (percent)

Ireland
Sweden
Finland
USA

UK
Luxemburg
Netherlands
Austria
France
Belgium

Denmark
Spain ELP BTFP
Germany

Italy

SourcesEU KLEMS (2008) and own calculations

Figure 2 Business sector spending on intangibles three countries (percent
of GDP)

8%

B Computerized information
7% -

B Innovative property

6% B Economic competencies

5%

4%

3%

2%

1%

0%

Sweden us UK

Note Data for Sweden and the UK is for the year 2@@4le data for the US is based on the years
1998-2000.

SourcesCHS (2006), Marrano and Haskel (2007) and owoutations.
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Figure 3 Spending on intangibles as a share of @dtvalue added in the
business sector and total GDP for Sweden, the UK drthe US
(percent)

20% B GDP B Business sector GDP

15% ~

10% -

5% A

0%
Sweden UK us

Note Data for Sweden and the UK is for the year 2@@4le data for the US is based on the years
1998-2000.

SourcesEU KLEMS (2008), CHS (2006), Marrano and Hask€lQ7) and own calculations.

Figure 4 Business sector spending and investmentintangible capital and
physical capital in Sweden
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9. Appendix
Appendix A: Sensitivity Analysis

This paper has presented estimates of spendingpeestment in intangible assets.
Based on the description of the collected dat&atien 2, it is evident that there
might be some uncertainty about the exactnessegkthstimates. It is therefore
important to conduct some kind of sensitivity asaywhich tries to decide a
reasonable lower bound for these estimates. Thexdfochange the assumptions that

the estimates are based on.

Based on the results presentethible 1it is evident that the spending on mineral
exploration, copyright and licence cost and prodigstelopment in financial services
in total only accounted for 3 percent of the tefanding on intangibles. Thus, it is

likely that the impact from measurement errorstf@se categories would be small.

R&D spending was 68 billion SEK or 23 percent @ Hhare of total spending. R&D
figures for Sweden have been measured since 1368amethods are based on the
Frascati Manual (2002), which has similar measurgrgeidelines for all OECD
countries. It is therefore likely that there aréggmall measurement errors for R&D

and it is not unreasonable to assume that the atstinwould be accurate.

Spending on design accounted for 63 billion SEK laad thereby the second largest
share of total spending with 21 percent. The despgnding estimates are based on a
number of assumptions. One is that all persons @é#ign occupation spend all of
their time on design activities. It is likely thedme employees with design
occupations might be involved in R&D related prége@ther than design related
projects. Moreover, employees with design occupatmutside the design sector are
probably less likely to be involved in design prtge Thus, it is assumed that 100
percent of the employees with design occupationiardesign sector all are involved
in design related projects, but only 50 percerthefemployees outside the design
sector. The spending on design then becomes appaitady 40 billion SEK instead of
63 billion SEK.
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Computer software had the third highest share ®tpercent of the total spending or
48 billion SEK. Software spending is included iogg fixed capital formation and
thus a part of GDP. This implies that the figuresestimated based on national
accounts methods and therefore should not be dubjerge measurement errors.

Brand equity, that includes both spending on adsanrtent and market research,
accounted for 42 billion or 14 percent of totalisgieg. Advertisement accounted for
nearly 90 percent of the total spending on brandtedlhe data is based on the
Swedish institute for Advertisement which has atbe this data on a yearly basis
since 1975. It includes the actual spending on dideenent in media, but also
spending on sponsoring events and gifts in purpbpeomoting products. However,
it excludes the actual production cost of the atis&ment.

If the definition on spending on advertisement wicloé narrower and only include
the actual spending on advertisement in media ahdponsoring and other events
the total spending on advertisement would be AbIBEK instead of 37 billion.
This must be seen as the lowest possible estifflagespending on market research
was only 5 billion or 2 percent of total spendimglat is therefore reasonable to
believe that measurement errors would have a tpitémpact on the total spending

on intangibles.

Continuous vocational training (CVT) is based ®suevey conducted for Sweden in
1999. The major problem with the estimates is tihate are almost no estimates for
other years. It is therefore assumed that the satiteof the total labor cost is spent
on vocational training. One more CVT survey wasduated in 2005, but the
answering ratio was too low so Statistics Swedeandée that the survey should not
be published. Nonetheless, Statistics Sweden Ipasteel some of the results of the
survey to Eurostat. Unfortunately, the spendingC®T has not been reported, but
there is data on the total hours in CVT courseslp0 hours worked and in 2005
this ratio was 10, while it was 12 in 1999. Thigires that the employees on average
spent approximately 20 percent less of their timeacational training in 2005
compared to 1999. If it is assumed that the em@swpend the same amount of time

on vocational training in 2004 as in 2005 and thatspending per time unit of
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vocational training is the same over time, thenttit@l spending on vocational
training in 2004 would be 22 billion SEK instead2& billion SEK.

Organizational structure (OS) accounted for 39dmlISEK or 13 percent of the total
spending on intangibles. Purchased OS accountet¥/fbillion, while own-account

OS accounted for 12 billion. Purchased OS is mealsas the turnover of Business
and management consultancy activities (SIC 7414¢.tlirnover has been adjusted so
that products that only include services that aféeganizational structure are
included'® These services accounted for 88.3 percent obtaéturnover of Business
and management consultancy activities (SIC 74149.dlausible that these estimates

are accurate.

Own-account OS is measured as 20 percent of masiagenpensation. As discussed
in section 2.3.3.1 there are a number of probleitis wsing managers’ compensation
as a measure of organizational structure. Howékrerestimates for Sweden are lower
than in the UK and US. Thus, it is not likely thiaése estimates are overvalued
compared to other countries. It is still uncer@iactly how much of their time
managers spend on organizational structuring. Tihiiss assumed that managers
only spend 10 percent of their time on organizatigtructure the spending on own-
account organizational structure would be 6 billgfEK instead of 12 billion.

Table 6shows the lower bound estimates for spending mvesitment in intangible
assets in Sweden in 2004. Accordingable 6the total spending based the lower
bound estimates was 249 billion SEK instead of B0@n SEK. Thus, the spending

in terms of GDP was 9 percent instead of 11 per&aged on the methods described
in section 4 it is possible to estimate the sh&rgpending that can be classified as
investmentTable 6also shows that the investment in intangibles 2daksbillion SEK
instead of 246 billion SEK. This implies that imrtes of GDP the investment was 8
percent instead of 9 percent. The results fordlaei bound estimates show that even

if we change some of the assumptions that the attsrare based on, it is evident that

'8 The following services are assumed to affect degaional structure: Advise regarding distribution,
employees, mergers and acquisition, organizatiames, marketing, production, project leadershig an
administration. It has only been possible to edtintiae share of these services for the year 2006 an
the same shares are therefore used to estimategsedt organizational structure for other years.
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intangibles still accounted for a large share offGdhd thus had an important impact

on the Swedish economy.

It is not only the estimation of investment in imgigble assets that implies some
uncertainty, but also the assumptions that the tiraecounting model is based on.
Therefore, the robustness is tested by changing sdithese assumptiorigable 7
shows the results from this sensitivity analysgether with the base case (the chosen
estimates as presented above). (I) shows the seghén the conversion factors used
to multiply expenditures into investment are half@udall categories of intangibles
except software. (II) shows the results when webtiothe expenditure on each
intangible asset that is considered uncertatil) shows the results when all
depreciation rates are doubled except for brandyewhere the depreciation rate is
set to 0.9. (IV) shows the results when Machineny aquipment deflators are used

for intangibles instead of value added deflators.

Table 7shows that intangible capital accounted for caarsildly less of the total labor
productivity growth when the conversion factors laaé/ed. Nevertheless, the
contribution is still 1 percentage points or 27qeett of the total labor productivity
growth. In all other cases (stble 7) the contribution from intangible capital was
larger. Thus, the main findings of this paper thaestment in intangibles was an

important source to the Swedish productivity boom995-2004 seem robust.

7 According to MHW (2007) the following intangiblese considered uncertain: Development costs in
the financial industry, design, market researchcipased and own-account organizational structure.
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