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Abstract

This paper tries out a new method to distinguishwben different growth generating
mechanisms and measure their separate effectstpatarowth. Swedish data is disaggregated
in accordance to industries method of productiostal factor productivity ‘TFP’ is then
calculated by traditional growth accounting on eanldustry-specific data set so that effects
originating from quantitative aspects of the protimic factors are separated from those deriving
from changes in factor quality and/or economiesoale. The innovative ingredient in this paper
is to analyse how TFP interacts or ‘cointegrateghngualitative measurements of labour and
capital along with demand in a full equation systesing the cointegrated VAR model. In this
way various hypotheses on steady state relatiodsansality between variables, suggested in
the ‘growth literature’, can be examined. Resulisw that changes in factor quality can be
pinpointed as specific sorts of knowledge accurnmgamechanisms such as embodied
technological change, learning-by-doing, technglbgsed R&D or sales and organisational
based R&D. The main finding is that industries’ olwttedge accumulating mechanisms are

firmly connected to what they produce and whatrietdgy they use.
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Introduction

In Robert Solow’s famous article “Technical charegel the aggregate production function
(1957), ‘technical changeéxpresses any kind of shift in the production fiorgt and
subsequently all sorts of things appear as ‘teehmicange’. Eventually, strict application of
neoclassical marginal theory originating from thienmlevel on growth dynamics on the macro
level has reached a dead end. However, throughelast two decades, the analysis of technical
change and economic growth has made remarkablegasygnainly consisting of various ways
of bringing together the earlier qualitative endoges technology models based on Joseph
Schumpeter with the standard neoclassical modehliiavo approaches has developed along
this line: the first implies to develop empiricaéthodologies to measure and distinguish between
different sources of growth, aiming to reduce tize sf the residual by adding more and more
‘qualitative’ variables. Examples in this field aneproved growth accounting models in which
new technology is embodied in capital goods, arats/ef schooling is regarded as a quality
improver of labour rather than forming externaditie physical and human capital accumulation.
The most important works are by Zvi Griliches arelddJorgenson. Yet, this method has little
aspiration to theoretically explain growth in termfsmodelling its underlying mechanisms.
Another approach aims to produce general or malggjuilibrium models addressing how and
under what condition growth is generated theorliyicihe typical examples are alternatives
based on the endogenous growth models introducé&hblyRomer and Robert Lucas. These,
however, generally have little interest in andiagpect of measuring various sources of growth.
Besides from the two main approaches, there hawedalen important progresses in evolutionary
theory of in particular Richard Nelson and Sidneindét, not to forget Brian Arthur’'s new
insights in the path dependency of technical pregyrf€hese approaches all aim at deepening our
analytical understanding of the complexities thegeawhen ‘knowledge’ is regarded both as a
production factor and as a produced good. Nevesiselit is unclear how much these new
agendas in fact have lighten up our empirical ustdeding of ‘what sort of things’ that hides in
the Solow residual. It has lately been stressethibi@e of these new methods and theories are
able to distinguish the internal mechanisms caugiogith, and therefore the ‘modus operandi’
of learning and knowledge accumulation still rersama black box (see e.g. Wright, 1997 and
Ruttan, 2001). A more and more accepted proposiahtsall approaches should be regarded as

components of a more general theory explainingieahchange (see e.g. the proposed model



in Ruttan, 2001). It is true that as long as theggaroaches are carried out separately they are
missing the main point, namely finding ‘what sowgenerate growth in what way’ given the
actualconditions. However, | propose that there is ndvghtg as a general growth model, on
the contrary, growth is generated by different na@i$ms in different firms or industries
depending on their specific method of productiop.ddnsidering the possibility of technical
change reflecting various growth mechanisms sutdaasing-by-doing, embodied technological
change, research and even economies of scalesésdiindustries, this paper suggests a method
that can distinguish between various sources oktratheoretically explaining through what
mechanisms they work as well as measure their sepanpact on growth.

A common feature of endogenous growth models igepeesentation of knowledge
generating activities as homogeneous. However, ledye and skills can be accumulated in
different ways, e.g. formal education, vocationalining, research, learning by doing and
embodied technological change. It is generallygaced that industries show different growth
patterns, and yet so far, there has been a gdaekabf analyses based on disaggregated data;
most researchers have addressed growth on a rlaaia or analysed output growth in the
manufacturing sector as a whole. Provided thaddlieces of productivity growth differ between
industries with different methods of productionsiof great importance to separate the analyses
of productivity growth for industries using differeproduction methods. This paper uses a
unique data set including more than 100 time sengsring 50 years, which makes it feasible to
divide the Swedish manufacturing industry into labmtensive, capital-intensive and
knowledge-intensive industries.

This paper shows that in order to analyse econgmnuwith it is advantageous to first
remove the quantitative effect of labour and capjtawth on output growth in each industry-
specific data set, and then analyse how the ‘qiai@’ part, i.e. TFP, cointegrates with variables
representing various knowledge accumulating meshasiand demand. However, when the
cointegration relations are identified the quatitiaand the qualitative measures are both be
included in a growth accounting framework to dentiais their individual and total effect on

output growth.



How to distinguish between different industries when carrying out disaggr egation

It is feasible to distinguish among industries vditierent method of production by considering
both the production factor that receives the re¢dtargest share of total factor remuneration and
the capital/output ratio. The relative size of rexration to different factor inputs are indicated
by the shares of blue collar workers, white colNarkers and capital. The idea is that industries
that are comparatively similar in terms of wagerstand capital/output ratio form a group of
industries sharing common growth mechanisms. Labigensive industries are characterised by
a high total wage share, low white collar share lamd capital/output ratio, capital-intensive
industries are characterised by a relatively lowage share and high capital/output ratios,
whereas knowledge-intensive industries are charaeteby a high white-collar wage share and
low capital/output ratio. The graphs below showt ttie three sectors, into which Swedish
manufacturing industries have been divided areelgrgoherent. Each sector essentially
maintains its own level in relation to the othdrse capital/output ratio — calculated on capital
stocks and value added in fixed prices — showsstindtly higher level in capital-intensive
industries than in the other two groups of indestrirhe capital/output ratio is particularly low in
knowledge-intensive industries. In the latter grobmdustries, however, the white collar share
is permanently at a distinctly higher level.

The wage share gives a slightly more complex péctBasically, it reflects the fact that
human capital is the most important factor in kredge-intensive industries with high wage
shares, that remuneration in labour-intensive itréissis somewhat more balanced between
labour and capital and that capital takes a grehtne in capital-intensive industries. There are,
however, great variations in the profit share au®é occurrence of crises and instabilities. Thus
during the problematic period from 1975 to 1980 tb&l wage share in capital-intensive
industry exceeded the wage share in labour-intensustry, due to the strongly decreasing
demand after OPEC I. The high wage share was niaéctaonly for a short time through

subsidies from the Swedish government to crisisksn heavy industries.
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Figure 1 Capital/output ratio in labour-intensivegpital-intensive
and knowledge-intensive industries 12601
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Figure 2 White-collar wage share of valueled in labour-intensive, capital-intensive
and knowledge-intensive industries 195261@8culated using current prices
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Figure 3 Total wage share of value added in labaueisive, capital-intensive and knowledge-intensiv
industries 1952-1996 calculated using current piceource: Output from Historiska nationalrakensikap
for Sverige: Industri och hantverk 1800-1980, Statka Meddelanden | of Statistics Sweden (SCB) and
especially ordered statistics from SCB data baseit@kstocks from Statistiska Meddelanden N ofiSies
Sweden (SCB).Wages from Swedish wage statisticd (81@F Note: Aggregate series on wage shares are
complete to 1996 only, while series on white-colarkers in different positions cover the wholeipeiup

to 2001.The calculation of the total wage share, as wetifabe white-collar wage share is based on total

wage sum and value added in current prices.




Table Trotal wage share and white-collar wage sharehi®period 1952-1996,
capital/output ratio for the perib@52-2001, labour-intensive, capital-intensive and
knowledge-intensive industries

Industry Total wage  White-collar  Capital/output
share wage share ratio
Mean Std. Mean Std. Mean St.d.
Labour-intensive 060 005 0.18 0.02 216 0.48
Earth and clay 0.57 0.06 0.18 0.04 248  0.47
Wood 0.62 0.07 0.14 0.03 2.83 0.96
Food and beverages 051 0.07 0.17 0.03 202 0.37

Textiles and clothing 0.70 0.05 0.21 0.02 1.94 0.56
Metal manufacturing 0.65 0.05 0.20 0.02 196 0.37

Capital-intensive 051 006 019 0.04 486 0.59

Steel and metal works 0.63 0.12 0.20 0.05 5.84 0.81
Pulp and paper mills 049 0.09 0.13 0.04 759 0.62
Chemical industries 0.46 0.04 0.22 0.02 2.60 0.50

Knowledge-intensive 0.68 0.06 0.29 0.05 154 0.26

Engineering industries 0.69 0.07 0.29 0.05 166 60.2
Printing industries 0.65 0.08 0.31 0.07 1.22 0.27

Source:See figure 3

Labour-intensive industries include earth and clagpd, food and beverages, textiles and
clothing, and metal manufacturing. Remuneratiorlatmour, foremost blue-collar workers,
constitutes the largest factor expenditure. Themwedue for the wage share 1952-2001 is 0.60,
the mean value for the shares of white-collar wrke0.18 and the mean capital/output ratio is
2.16, although the values differ between industiié® mean value for the wage share of the
food and beverage industry is only 0.51, in théilexand clothing industry it is 0.70, yet both
show a capital/output ratio around two. The redsothe textile industry’s high wage share is its
strongly falling profits, especially in the 1960al970s.

Remuneration to capital constitutes the largediofaexpense in the capital-intensive
industry including steel and metal works, pulp @ager mills, and chemical industries. The
mean value for the wage share is 0.51, the meare Vai the shares of white-collar workers is
0.19 and the mean capital/output ratio is 4.86.ddeit is foremost the capital/output ratio that
distinguishes capital industries from labour-inteesand knowledge-intensive industries. The

wage share for steel and metal works is higher fimasome labour-intensive industries, due to



extraordinary low profit levels in the 1970s andlyd980s. Its capital/output ratio of 5.84
shows, however, that it is clearly a capital-intfe@gand not labour-intensive industry. | may also
note that the standard error for steel and metgtsuanveils high fluctuations. For several years
in the 1970s and 1980s the Swedish state boredfge wost in order to save jobs when profits
fell drastically, hence the ‘real’ wage share wootlderwise have been much lower. Clearly the
chemical industry shows a rather low capital/outjatip of 2.60, and a slightly higher white-
collar wage share than the other capital-intensigastries. The chemical industry consists of a
number of different industries, of which some alfyueould have been included in labour-
intensive industry, e.g. the industry for rubbesdarcts. It would have been desirable to include
the pharmaceutical industry in knowledge-intensideistry instead of capital-intensive industry
but this could not be done since disaggregationlingted by the lack of capital stocks and
investment data for the entire period.

Salaries to white-collar workers constitute thgésst factor cost in knowledge- intensive
industryincluding the engineering and printing industrielse mean value for the wage share is
0.68, the mean value for the shares of white-caltankers is 0.29 and the mean capital/output
ratio is 1.54. It may appear remarkable to combmgineering industries and printing industries
in the same aggregate, and perhaps it is. Sin@ntfireering industry is so dominant, the effects
of including the printing industry are marginal.\Wever, when analysed separately the industries

tend to show rather similar patterns.

Thevariablesincluded in this study

The data set used in this study is quite uniqué oNly is it the first time that growth is analysed
in diverse groups of industries conditioned to whathod of production they use, it is also the
first time that detailed data on an industry lemeimachinery investments, two types of human

capital and export is put together for this peiro&weden.



Output, the capital stock and working hours

Figure 4 Output, capital stock and labour hoursabadur intensive industry
1952-2001, log scale

-
—_

0
0 —
0

* Capital stock _———"—"

—

NN N

8000
4000
0000
160000

120000

80000

40000

Figure 5 Output, capital stock and labour hours apital intensive industry,
1952-2001, log scale
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Figure 6 Output, capital stock and labour hours moWledge intensive industry
1952-2001, log scale
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Source For the period 1950-1953 the series are from SdHistoriska nationalrakenskaper fér Sverige: Industh hantverk
1800-1980The data is rearranged for the present groupstie sub-sectors in the material for the Histdizional Accounts.
For the period 1952-1994 the series are fBiatistiska Meddelandermf Statistics Sweden (SCB) and for the period 199at2
the branch series are constructed from an SCB datatbat has been arranged in accordance with Sifié9vhere the value
added figures in current prices have been deflayethe branch producer price index (PPI). The bnaseries have been
aggregated to the respective industrial sect@imfur, capital and knowledge-intensive industrigls thie value added weights of
1960 for the period 1952-1980 and the weights 8fL1®r the period 1980-2001. Since there are amiglstructural changes at



branch level within each group, the choice of diftaperiods is of minor importanééihe series are in 1991 price levdlbe
series on capital stocks build on machinery capitdltotal capital in fixed prices at branch lené@tatistiska Meddelandendf
Statistics Sweden (SCB) for the period 1950-1994.sehmies from the Reports are linked 1970 and 1980tHe period 1994-
2001 the series are constructed from investmentdigin the SCB data base mentioned above, usirettpetual Inventory
Method with an annual depreciation allowance oéeepnts for machinery capital and 2 percent fdding capital. The number
of worked hours for blue-collar workers is direatiyported in the official industrial statistics, @kas white-collar workers are
reported in number of workers, which have to beladated to hours. In doing so reduction in wogkhrours have been
considered. All data is reported for individual ustties on the two-digit level and is then aggreddty summing up the
measurements for industries with similar methodgrotiuction.

There are some similarities and some differencegd®sn the sectors. Figures 1-3 show that the
capital stock increases in all industries whereaking hours are decreasing. In capital intensive

and knowledge intensive industries the capitalkséod output develops rather closely together,

whereas the capital stock in labour intensive itrgishows a much stronger increase than output.
The deviation occurs after 1975; in labour inteasndustry output only increases until 1975 and

thereafter levels out, while the capital stock curgs to increase with a somewhat reduced rate.
Labour intensive industry also shows the strongestease in working hours for the whole

period.

TFP

| use the traditional neo-classical way to meadu¥®, i.e. a growth-accounting procedure
according to a linear homogeneous Cobb-Douglas ystamh function of first degrée
Y=F (A K, L), with Y being value added the level of technologyK the capital stock and

the quantity of labour. Y and K are in fixed pricgkereas L is in working hours. The usual

specification of a standard Cobb-Douglas modelg¢dke form:

Y'/ Y=g +(F§KJ(K/K)—(%j(L’/L) (2)

with F, and F_ the factor marginal products.

! The output aggregates are sensitive to the chbioase year only if there are changes in bothehative price
levels and the quantity shares within each subgroup

2 A function is homogeneous if all its terms ardgtaf same dimension, that is, if the sums of th@egpts of the
variables in all its separate terms are equad; littimogeneous of first degree if these sums aral émunity.
When such production function obeys constant retmistale and there are at least two factors,dree$ are
always complements i.e. increasing the amount effaator in isolation lowers its own marginal protbut
necessarily raises the marginal product of therdtdwors.



The rate of technical progress i.e. TFP growth oiSblew residual, can then be written as:

g=Y/¥ -5, (K/k)-s (/L) 2)
where s, = RK/Y and s, =«lL/Y are the respective shares of each factor paymetutah

product, R is the cost of capital andis the cost of labour. The classical assumptidhasthe
production function obeys conditions of constatames to scale, meaning that all the income
associated td is attributed to one of the factoks and L . The exponents expressing marginal
products of labour and capital must consequently 8uunity: s, +s, =1. | use equation (2)
directly to estimatg by means of time series data without econometdiertigues - known as

growth accounting. Hereby | avoid econometric dragks such as simultaneity problems i.e.

technical change may for example affect factorsiadation so that whemis estimated by
regressing the growth rate of output on the grawaths of input as in equation (1), whgiie

measured by the intercept, the rate of growth pitaband the rate of growth of labour may vary
together withy .

TFP is calculated for the three groups of industaesording to equation (2) with
elasticities of capital and labour in each groupveéel from their respective share of value added.
Labour elasticity of the sub sectors is set at 6r@dbour-intensive industry, 0.4 for capital-
intensive industry and 0.7 for knowledge-intensindristry; consequently capital elasticity is set
at 0.4 for labour-intensive industry, 0.6 for capintensive industry and 0.3 for knowledge
intensive industry. In accordance with the Cobb-flas production function fixed shares have
been used, however varying the shares each yshoven to affect the results very little.

The variations in TFRrowth 1951-2001 are striking. There are howeveresbnoad
regularities among the industries: TFP growth imralustries is above zero for the period 1953-
1975, whereas it is heavily fluctuating close toozBEom 1975-2001. All industries show a
remarkable drop in TFP during the 1974-75 crises. gilekths in the three different industries
tend to move together i.e. once one sector is abovelow zero others tend to appear in a
similar position. Thus there is a tendency for cosements across sectors within manufacturing
industry.

10
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Figure 7TFP in Labour-intensive industry 1951-2001
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Calculations according to equation 2 basethe data presented in figures 4-6



M easuring two different types of human capital

The quality of the labour input is one of the cric@mponents in the analysis of TFP growth.
There is no available data on the employees’ edutatieach industry, the average number of
years of schooling on a national level usually titutes a proxy. Yet, even if such data were
available | could not be sure that employees witlyer education necessarily have occupational
positions in which they can use all their additioeducation. Nonetheless, | can make the
opposite assumption; certain occupational positimmdy the use of a certain amount of human
capital and thus require knowledge either gainedhfschooling or on the job training. The
endogenous growth model distinguishes itself frao-olassical models by emphasising that
economic growth is an outcome of people's abibtgénerate useful ideas. The possession of
human capital is a necessary, yet not sufficientltmn to generate useful ideas, which in turn
create growth; it is the ability and willingnessue human capital in such a way that generates
growth. Hence the share of qualified positions careg to the whole work force seems an
appropriate measure of human capital.

SOS Lone(Swedish official wage statistics) for white-coNaorkers contain detailed data
on the number of employees in different occupatitenaels within different fields. The fields
are: 1. administration, organisation, office-worklaelling’ 2. technical and engineering work,
and 3. product developing work and research. Wehih field the number of employees in each
of four different occupational levels is showntelading position, 2. independent / self-governed
work, 3. qualified / skilled work, and 4. routineow. This study assumes that the first three
levels imply a rather large use of human capitedj@nerate useful ideas, whereas the fourth level
does not. Therefore the total number of positionghith the use of human capital is essential,
divided by the total number of workers within thedustry (including blue-collar workers),
constitutes our relative measure of human cafitas study chooses to distinguish between two
fields and construct a measurement of human cdpitalach field; one measuring the share of
human capital in organisation, administration alds— referred to as human capital in “D”, and
the other measuring the rate of human capital witl@search, engineering and product-
developing work — referred to as human capitalRih. “The measurement of human capital in
administration, organisation and sales is transéorto an average of the ‘human capital share’in
the preceding three years. That is, the model essnhe impact on TFP of a build-up of human

3 Office-work and selling will be referred to aslesi in the rest of the thesis.

12



capital. Yet, the measurement of human capitalimtdchnical, engineering product-developing
work and research is based on its yearly fluctaatidhis different measurement manoeuvre for
the two human capital variables helps to distingthe direct effects of labour hoarding from the
effects of a build up in administrative and orgatial human capital, as well as from the direct
effects from human capital in technical knowledf@leese two measurements are yet no more
than a qualified approximation of human capitattipalarly since the level of skills in general

have risen considerably over the period.
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Figure 11Human capital in “R” research, engineering andipod development in labour-,
capital-, and knowledge-intensive industries aseshaf total labour force 1952-2001, linear
scale.Source SOS Léner, Swedish official wage statistics
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The share of higher occupational positions in adstiaiion, organisation and sales of the total
work force, referred to as human capital in “D’creases rather strongly from 1970 in
knowledge-intensive industry and from 1975 in capittensive industry; however after 1977
growth slows down, and capital intensive indushgvss a negative growth for the next couples
of years. Labour-intensive industry shows quitedpposite behaviour; human capital in “D”
increases rather slowly until 1983, where aftgraws faster. The financial crisis in 1991/1992
seems to have a positive effect on human capitél'im both knowledge-intensive and labour-
intensive industries, whereas capital-intensiveugtiy shows a delayed negative effect. The
growth pattern in human capital in “R” looks simnilea knowledge- and capital-intensive
industries, although the growth rate is at a higbeel in knowledge-intensive industry. In
labour-intensive industry human capital in “R” inases in a somewhat stable rate until 1992 and
then falls for the rest of the period. The financiadis hit industries oriented to the home market
particularly hard due to the strong depreciatiorihef Swedish crown and a more restrictive
Swedish monetary policy. The crisis struck metatuafacturing and building material especially
hard due to a slump in construction, and thesesimnds have the highest share of technical
workers and engineers within the labour-intenainistries. Knowledge-intensive and capital-
intensive industries show three periods of apprexaty 3-5 years each, in which human capital
in “R” grows relatively stronger: the first peristhrts around 1966/1967, the second period starts
in 1988/1990, and the third one begins after 19dter the financial crisis 1991/92 human
capital in “R” falls drastically in both capitalnd knowledge-intensive industries.

Not only have the shares of qualified positionshwiteach field increased but also the
employees in these positions have in general beowné higher educated. The percentage of all
people in Sweden in the age group 22-44 that hawvted a university education before the age
of 22 has increased strongly in the last 50 ydar$952 only 4 percent in the age group had
enrolled in university, whereas 34 percent didns2001.

14
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Figure 12Percentage of people in Sweden 22-44 years otdledrin university before
the age of 22 during the years 1952-2001, linealesource:Arbetsmarknaden i
siffror 1970-1988. SM AM 12 (1989-2000: 2001)

Machinery investments and exports

Machinery investments represent the injection of napital equipment. Some degree of new
technology is already accounted for by the capttatk, measured in fixed prices (see Schon
2004). Yet, | do not know exactly how much of timeproved quality of capital is already
accounted for. This variable is included in the gtimcbrder to consider the quality of capital that
is not accounted for by the capital stock. Machinavestment is also a very useful variable
when considering learning-by-investing. Investmeantsnachinery equipment constitute an
appropriate indicator of new technology in physiteams embodied into capital.

The export variable is included in the study in orderepresent variations in demand.
Since Sweden is a small open economy with a higiwrede of export dependency in
manufacturing, export is a rather good measureeofahd. Branch specific data are used for
capital-intensive and knowledge intensive indusirihereas output from labour-intensive
industries is sold to a large extent on the doroeséirket. Since total export through its effect on
derived demand, better reflects the domestic le/@ctivity than export of labour-intensive
goods, it is used as a measure of demand in labtansive industry. Estimates of domestic
consumption show roughly the same pattern as txabrt; hence replacing the latter
measurement with the former would not make mudedihce (Schon, 2000).

15
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Figure13Machinery investments in labour-, capital-, andwlealge-intensive industries 1952-2001 Mill. SEK
in 1991 price level, log scal&ource 1950-1962 from Kommersiella Meddelanden, Kommelisgium, 1962-
1994 from Statistiska Meddelanden N, the seriesplieed in 1962, 1969, 1975, 1982 and 1991. Fréé# 1o
2001 from SCB data base.
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Figurel4Total export and export in capital-, and knowledgensive industries 1952-2001, 1000 SEK in 19%dep
level, log scaleSource SOS Utrikeshandel, the official industrial stétis for foreign trade contain data on the value
and quantity of each type of good that is impored exported. The branch-specific measures of expert
produced by combining all exported goods produged bertain industry and calculating the total eatfi these
goods. A branch-specific PPl is used when deflagixqgprts in each branch.

All three industries show a rather similar behavioumachinery investments yet with different
levels and magnitudes: they all show a stronglgtélating yet solidly increasing growth in

machinery investment until 1975/76 when investméaitfor one or a couple of years. From
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around 1980 investments increase persistentlydouiten years until 1990 where after there is
another drop due to the financial crisis. From 1B8&stments increase strongly once again.
All industries show a rather smooth and quite gjiaorease in exports from 1950 to 1974.
Then all show a slower growth rate in export ur@®2, but thereafter the increase is stronger
again. Hence, export evolves in three differeniqols; starting with a phase of strong growth,
broken by a period of slower growth and finishethva new period of stronger growth. The
knowledge-intensive industry has the strongest graate over the whole period, overtaking

capital-intensive industry as the most importamgagksector around 1970.

Describing and specifying the cointegrated VAR model

The cointegrated ‘VAR’ (Vector Auto Regressive) midukes cointegration restrictions built into
the specification and hence is designed for ush natnstationary time series. Analysing a
‘vector’ process containing the variables of ing¢renstead of examining each variable
individually, gives us a statistical model basedaofull equation system, which provides
information about the dynamic relationship betwakrariables simultaneously without aay
priori assumptions about variables’ dependency or eneatgeiihis paper aims at sorting out
the complexity enfolding the ‘raw’ measurement ofPTBy analysing the establishment of
‘steady state’ or ‘cointegration’ relations betwdétP and other ‘non-stationary’ variables in the
long run. In order to find the engine of TFP growttihe long run eight hypothesis reflecting
long-run ‘homogeneity’between TFP and other variables are formulatediesteld by analysing

a covariance matrix of the dat@he difference between the observed value ofribegss and its
conditional mean, i.e. the homogeneous steady ttated for, constitutes the cointegration
relation often referred to as the vector errorection term. To carry this out, an error correction
model is specified. The empirical analysis folloWwe general-to-specific approach of Hendry
(1993) based on a VAR model with (1) restrictigdshansen 1996).

‘A homogeneous relation between two variables i.€. diftd human capital means that any changes in Ry
is proportional to changes in human capital ima @ one relation: if human capital changes by 0P also
changes by 0.07. It is important to mention thahbgeneity does not reveal causality between vasabl

®> The VAR model is fundamentally a reformulation b€ tcovariances of the data. Instead of studying the
covariances for two variables separately, | malkeafi&. covariance matrix, which provides a compjeteeral
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The variables described earlier are included invdr&ble vector Xdefined as

X [ Y% M¢ D R Ei ] (3)

whereY; is total factor productivity (TFP)M; is machinery investment§); the share of
employees in higher occupational positions in oiggtion, administration and sales of the total
work force,R; the share of employees in higher occupationatiposiin research, engineering
and product development of the total work foigés export, andexpress time. All variables are

in natural logarithms. The empirical analysis irstbtudy applies to estimations based on the
variable vector Xusing the cointegrated VAR approach. Since the asytia distribution of the
likelihood ratio (LR) test statistic for the reducenhk test depends on the assumptions made
concerning deterministic trends, | must chooseddriwe possibilities considered by Johansen
(see Johansen 1996. pp. 80—4 for details). In ase @ constant and a linear trend in both
stationary and non-stationary directions deschbelata best, hence this possibility is chosen for
our models. Some of the variables in the veXt@ontain a deterministic linear trend. | include a
trend since it may act as a proxy for missing \@es outside the information set, meaning that |
allow for both stochastic and deterministic trenidse vector error correction form used in this

study then looks as follows:

Axt:rlxt-1+ki MAX ¢ +Ho+af o+ PD ¢+ €, (4)
i=1

The long-run matrixl can be decomposed As= a3’ wherea andf3 are two matrices of the
dimension (p x r), where p is the number of vaealdnd r is the cointegration rank, i.e. the
number of cointegration relations. TRenatrix represents cointegration vectors, whichaon
the cointegration parameters, that is, the parasébat indicate an equilibrium or long-run
relation between the time series. The adjustmerdnpatersa reflect the speed with which
variables are drawn back to or drift further awayrf the equilibrium relation after a shock in the

system. Furthermorg; arep x pdimensional matrices of autoregressive coeffisieiihe

description of a multivariate vector time seriesqass describing the interrelations of all varialiteluded in
the system. As a result | can study the covariabhebseen all variables simultaneously.
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elementglo + afy’ ¢t imply that a constant is included and that coedfits are restricted to the
trend term, so that a linear trend is permittdabith stationary and non-stationary directions. Any
dummies included in the model are denctdd;. Finally € is the residual. Together with the
dummies, the constant and the trend terms corestitiet only deterministic components in the
model? Information criteria such as Hannan-Quinn and Sotmsuggest one lag length in the

VAR model for each industry.

How many cointegration relations are there?

Next step is to find out the number of cointegnatielations. The procedure of finding out
whether a vector can be made stationary by makegi combinations of time series in the
vector is called cointegration testing or testimgitank. CATS software implements VAR-based
cointegration tests (the trace test) using the atetlogy developed by Johansen (1995; 1996). In
order to determine the rank | proceed sequentiiaiy r = 0 to r 9o - 1 until | fail to reject the
hypothesis. First, | test whether there is no egrdtion relationrE0) against the alternative of a
stationary model (r ). If that hypothesis is rejected | continue bstiteg whether there is at

most one cointegration relation and so on unglilltb reject.

6 Dummy variables are added for each industry depgrmh the data structure. Studying the residwstsidard
deviations is usually a good way of finding anylieus; the following dummies are shown to be siigaift: In
labour-intensive industry an intervention dummyo+called blip dummybp is added for the year 1981 due to
an outlier in human capital in “D”. The model fabbur-intensive industry has also been estimatdddifferent
types of dummies for 1994 in order to adjust ferlblehaviour in human capital in “R” research, eagiig and
product development, but human capital in “R” wal 3ot required in the steady state relationchpital-
intensive industry two transitory dummies are added 975 due to outliers in TFP and export and 94 due
to outliers in human capital in “R”. For knowledggensive industry a shift dumndys is added for 1968 due to
a shift in human capital in “R”. Since the shiftdony is restricted not to be included in the coirggign space, it
does not affect the asymptotic distribution by givlower t-values.
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Table 2Testing for cointegration in each branch-specifitacset

Rank Labour-intensive Capital-intensive Knowledge-inigas
Eigenvalues  p-value Eigenvalues  p-value Eigenvalugs-value
r=0 0.77 0.00 0.81 0.00 0.68 0.00
r<1 057 0.03 0.53 0.01 0.47 0.00
r<2 0.28 0.78 0.35 0.31 0.41 0.07
r<3 0.10 0.95 0.18 0.77 0.25 0.50
r<4 0.08 0.72 0.05 0.90 0.04 0.95

The first column presents the eigenvalues, anddgbensl column gives thevalues for the null hypothesis: the
process can be made stationary in at mosintegration relations. Using a critical valuéiag per cent implies that
p-values above 0.05 cannot reject the null hypdghard that the number of cointegration relatieasals the rank
tested for. The lowest rank that fails to rejeaitdti be applied in the model.

The trace test clearly suggests rank two for capitahsive and labour-intensive industry. The
number of cointegration relations in knowledge+msige industry is less certain, however. The p-
values for two cointegration relations are 0.07.eWkhe test results are uncertain, | can obtain
more information by considering the number of rdode the unit circle in the companion
matrix, and the number of columns in which coeéfits show significant t-values in the
matrix. Thea-coefficients present the speed of adjustment baaquilibrium, and the first
column in thea-matrix corresponds to the first cointegration tiela | can thus expect
significant coefficients in as many columns in thenatrix as there are cointegration relations.
The speed of adjustment to additional cointegrateations is nonsignificant or very slow
(Juselius 2003 chapter 5). Knowledge-intensive stigushows two roots inside the unit-root
circle, and only the first two columns have sigrafita coefficients; therefore rank two is chosen

for knowledge-intensive industry as well.

M er ging economic theory with empirical results

All three industries have rank two, hence two cegnation relations or stationary linear
combinations of variables need to be identifie@ntifying the cointegration relations means
setting restrictions on their statistical structaté¢he same time as giving each stationary linear
combination an economically meaningful interpretatiEconomic theory may suggest that the
cointegration relations take a specific form, whiichadens the understanding of the statistical

processes. First, eight theoretical hypothesestdimuogeneous interrelations of variables is
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formulated, then a design matrix is used, in whighcointegration vector can be restricted to
reflect each hypotheses, finally | test whetherdbimtegrating space can be structured in the
suggested way. The intention is to choose a formamlatf the design matrithat can spot the
steady state relation appearing in the data, wikickalised by finding a linear combination of
B1,.. . Br that produces a vector not significantly differénaim the estimated parameters in the
cointegration relatiod. The null-hypothesis is that a linear combinatiorstistionary, which
means that the stochastic trend is cancelled astdaaly state relation is identified. A model
where identifying restrictions are set on all cegration vectors is known as the equilibrium

error correction term.

Formulating the eight hypotheses

Each hypothesis is formulated as a restricted liceanbination of certain variables, which
corresponds to a steady state relation supporteddayomic theory. | argue in line with Romer
(1990) and Lucas (1988) that the underlying soufcseistained growth in per capita income is
the endogenous accumulation of knowletieth Romer and Lucas assume that the economic
growth rate is proportional to the rate of growthhuman capital so that when the amount of
knowledge increases by one unit, growth increagemb unit as well. This kind of one-to-one
relation is referred to as homogenéity.is feasible to test whether a homogenous aati
prevails between e.g. human capital in "R" researgfineering and product development and
TFP growth by restricting the linear combinatiorniredse variables to being homogeneous. | set
up eight hypotheses reflecting a distinct homogsnaelation between TFP and the other
variables. Each hypothesis is formulated as a céstriinear combination of certain variables,
which corresponds to a steady state relation stgghdny economic theory — such as Arrow’s
theory on learning-by-investing, Romer’s endogergyogvth theory and the economies of scale

argument'? Hence, testing H1 to H8 gives information of vitaportance in identifying the

" For a more detailed explanation see Johansen 1996

®In endogenous growth models, in contrast to nassiétal models, markets are assumed to be imggrfatiier
than perfectly competitive: firstly, in order taeate an incentive for firms to invest in researgh@evelopment,
firms must be able to maintain ownership of attieasne of the value of the increased productivaingd
through their investments, secondly, since tectgyto some degree is proprietary and since thewtipp
research and development is feasible only if peiaeeeds production cost by some margin.

°A homogeneous relation between certain variabigdiés that theip-coefficients sum to zero. All hypotheses in
this study are restricted so that TFP should bdipesind all coefficients within a homogeneoustretashould
be negative in order to confirm the economic matbrafor the hypothesis.

Y For a more detailed explanation see Johansen Y1996
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growth mechanisms reflected by the time series-toimgproperties. | should, however, be very
clear about one thing: In a case where homogebeityween TFP and human capital in "R"
cannot be rejected, it only points towards a coasi®ne-to-one relation between these variables
over time, and does natveal the causality between them. In order tatilewhich variable is
dependent and which is exogenous | need to antilgsecoefficients for speed of adjustment.
First | impose restrictions on just one of the wvest leaving the second vector unrestricted.
However, due to lack of space | only present tive jdentification of both cointegration relation
in this paper. The null-hypothesis is that a liranbination is stationary, which means that the
stochastic trend is cancelled and a steady stateoreis identified. | raise the usual criticavét

of significance of 0.05 to 0.1; accordingly p-vaugbove 0.1 imply that the hypothesis of
stationarity cannot be rejected. However, largalores only confirm that the linear combination
of variables is stationary. It is, therefore, imjpott to interpret the coefficients’ signs and size
order to determine whether the time series’ behavigflects the growth mechanism presented in
the hypothesis. When the variables are in logasttas in this study, the coefficients constitute

elasticities.

(H1) Productivity growth through embodied technipedgress and learning-by-investing

Changes in the capital stock are sometimes negetsachieve technical progress. When
technical improvements are embodied in the capitalk is referred to as embodied technical
progress. The idea is that net or replacement imerd increases the extent of embodied
technical progress because the equipment avadalilee market embodies the latest technology.
Learning-by-investing means that diminishing faateturns are offset because knowledge
creation is a side product of investment. A firmattiincreases its physical capital learns
simultaneously how to produce more efficiently @wr;, 1962). This hypothesis assumes that
embodied technical progress and learning-by-inmgséire both connected with machinery
investments and go hand in hand. The hypothesested through restrictions to only allow
homogeneity between TFP and machinery investmerganimg that TFP will increase in the
same proportion as machinery investments. The faligvinear combination is tested for
stationarity:
B(Y-M) + B2D + B3R +B4E LI1(0) 4)
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(H2) Productivity growth through human capital aocmwiation in “D”

This hypothesis implies that specifically human tapn “D” generates productivity growth;
hence the share of highly skilled employees in attiation, organisation, and sales, of the total
work force, is the most essential factor causing §FRvth. The hypothesis is tested through
restrictions to only allow homogeneity between TIRB human capital in “D”. The following

linear combination is tested for stationarity:

B1(Y-D) + B2M + BaR +B.E 0I1(0) ©)

(H3) Productivity growth through human capital acadation in “R”

This hypothesis implies that exclusively human edpit “R” generates productivity growth;
hence, the share of highly skilled employees iraesh, engineering and product development,
of the total work force, is the most important detimant of TFP growth. The hypothesis is tested
through restrictions to only allow homogeneity beén TFP, and “R”. The following linear

combination is tested for stationarity:

B1(Y-R) +B2M + 33D + B.E 01(0) ©)

(H4) Productivity growth through human capital acauation in "D" and “R”

This hypothesis implies that human capital in bdh &nd “R” is essential for growth in TFP.
The motivation reads that highly skilled worker$aoth fields: administration, organisation and
sales on the one hand and research, engineeringraddct development on the other are
complementary and may only cause TFP growth togefftex hypothesis is tested through
restrictions to only allow homogeneity between TFP, and "R". The following linear

combination is tested for stationarity:

Ba(Y-D) + Bo(Y-R)+BsM + B4E TI1(0) (7)

(H5) Productivity growth through embodied technipedgress, learning-by-investing and

human capital accumulation in "D"

This hypothesis implies that investments in both &meapital and physical capital are essential
for productivity growth. More than leading to emimxti technical progress and learning-by-
investing, machinery investments may call forth rdes in the administration and/or the
organisation, which also affect productivity. Thigbthesis implies that human capital in "D"

and machinery investment constitutes complemenishagnly together are able to cause TFP
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growth. The hypothesis is tested through restristimnonly allow homogeneity between TFP,

machinery investments and "D". The following lineambination is tested for stationarity:
Ba(Y-M) + Bo(Y-D) + BsR+ B4E L11(0) 3

(H6) Productivity growth through embodied technipedgress, learning-by-investing and
human capital accumulation in "R"

This hypothesis implies that human capital in "&'garch, engineering and product development
constitutes a complement to machinery investmeésice, human capital in “R” can only
generate productivity growth if accompanied by niaety investments, and vice versa. The
hypothesis is tested through restrictions to ofitpwahomogeneity between TFP, machinery

investments and "R". The following linear combinatie tested for stationarity:

Ba(Y-M) + Ba(Y-R) + BsD+ B4E TI1(0) ©)

(H7) Productivity growth through embodied technipedgress, learning-by-investing and

human capital accumulation in "D" and "R"

This hypothesis implies that human capital in "Dd dR" and machinery investments together
constitute complements, which generate productteigether. The hypothesis is tested through
restrictions to only allow homogeneity between Ti®Bchinery investments, "D" and "R". The

following linear combination is tested for statioita

Ba(Y-M) + B(Y-D) + Bs(Y-R) + B4E L11(0) (10)

(H8) Productivity growth through economies of scale

This hypothesis implies that increased exports ge#aaconomies of scale and affect capacity
utilisation, both of which give rise to increasaddguctivity: the former by means of lowering
costs and the latter by higher efficiency. The Higpsis is tested through restriction to only allow
homogeneity between TFP and export. The followimgdr combination is tested for stationarity:

Bi(Y-E) + B2M + 33D + B4R T1(0) 11)

Joint identification of the two cointegration relations

In table 3 each pairs of cointegration relatiorggasted for each industry are jointly tested. By

setting identifying restrictions on both cointegwatrelations simultaneously I can test whether
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they identify one cointegration relation each aedde are significantly different from each other.
Identifying the cointegration relations jointly dexs the definitive t-values for glcoefficients
and for thea coefficients. As mentioned, the variables’ rolethe cointegration relations is
expressed by thg coefficient, whereas the speed, with which vagaldre drawn back to the
steady state relation, or drift further away frarafter a shock in the system, is expressed by the
a coefficient. For the moment | concentrate onleeefficients, whereas tloecoefficients are
presented and further discussed in the followingj@e. Empty boxes indicate excluded variables
due to coefficients very close to zero having navg@ meaning that the variables are not
required for cancelling the common stochastic treflde null-hypothesis is that the two
cointegration relations are not significantly difat; p-values above 0.10 reject the hypothesis.
Since | have normalised on TFP, fheoefficient for TFP is always'i

Table 3Jointly identified cointegration relations in labrentensive,
capital-intensive and knowledgtensive industries

Labour-intensive industry ¥* 0.08, df 2, p-value 0.96

Hypothesis BY B M B D B R B E BT
H1 1 -1 0.97 0.07 -0.13 0.01
H2 1 1.27 -1 -0.01

Capital-intensive industry ¥* 1.16, df 2, p-value 0.56

Hypothesis BY B M B D B R B E BT
H3 1 0.04 -1 0.24 0.01
H8 1 0.15 3.68 -1 -0.05

Knowledge-intensive industry? 0.47, df 2, p-value 0.79
Hypothesis BY B M B D B R B E BT
H3 1 0.42 0.14 -1 -0.01
H5 1 -0.78 -0.22 1.84 0.02

Note: Yis TFP, Mis machinery investments, D is human capital inia@stration, organisation and sales,
Ris human capital in research, engineering and mtadievelopment, i export, T is the trend, df is
degrees of freedom

1 To be able to interpret a cointegration relatiopramarily connected with a particular variableydy normalize
the former on the variable of interest, in thissgd9-P. In practice, normalization means setticlgeesen variable
Xto unity and then dividing all variables' coeféints with thex-coefficient so thaX becomes 1 (Juselius 2003).
Hence, normalising on TFP implies that all varialslesdivided by the TFP coefficient so that TFP bexofn
which facilitates the interpretation of the propamtl relation between the variables.
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The results of joint identification in table 3 shtvatp-values in all industries are far above 0.10
and thus strongly indicating that the two hypotlseseygested in each industry are significantly
different from each other. Accordingly, | claim thst cointegration relation in labour-intensive
industry is identified as HProductivity growth through embodied technical pregg and
learning-by-investingwhereas the second cointegration relation istifileth as H2Productivity
growth througthuman capital accumulation in “D”In capital-intensive industry | assert that H3
Productivity growth through human capital accumuwatin “R” and H8Productivity growth
through economies of scalepresent the two steady state relations. Finkdiigte that the two
cointegration relations in knowledge-intensive isitiy are identified as H3roductivity growth
through human capital accumulation in “Rind H5Productivity growth through embodied

technical progress, learning-by-investing and huroapital accumulation in “D”.

Revealing the causality in the steady states

The most important feature of cointegrated variaislésat their time paths are influenced by the
extent of any deviation from the steady state iedatr equilibrium. If the system is to return to
the long-run steady state relation, the movemdrasleast some of the variables must respond to
the effects of the disequilibrium i.e. deviatioarfr the steady state relation. The long-run steady
state relation constitutes an attractor set towaldsh endogenous variables are drawn back after
a shock in the system. For example, endogenoudigtbeory identifies a long-run relationship
between output growth and human capital, to firtdether such a relation exists empirically, |
may test for homogeneity between output and hunagitad by restricting the cointegration
properties in such a way. Provided that such dioelaxists, | now imagine that a situation
occurs in which the gap between output and humpitetavidens considerably such that human
capital accumulation grow relatively faster thampoi. There are several ways to close the gap
e.g: @ an increase in output or a decrease in humamatagcumulation;if) an increase in the
accumulation of human capital with a commensuragedater increase in output; @j & fall in
human capital accumulation with a smaller fallutput. Without a full dynamic specification of
the particular model, however, it is impossibleébermine which of the possibilities will occur.
What | do know is that the short-run dynamics nfagsinfluenced by deviations from the long-
run relationship in order to re-establish the syestdte relation. Given that output and human

capital are cointegrated, the short-run dynamied [&fast one of the two variables are influenced
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by the deviation from their steady state relafidrus, in order to determine the behaviour of each
variable, | need information on how output and homapital accumulation respond to stochastic
shocks and to the previous period’s deviation ftloesteady state relatiangoefficients contain
exactly this informatior? Analysing thea coefficients for speed of adjustment is useful for
distinguishing between endogenous variables andhlas which do not react to deviations in the
steady stat&.Variables showing no adjustments are in a waycdugsing elements’, since they
trigger off adjustments in the other variablesuded in the homogeneous relation. Given that the
coefficients are significant, the larger thecoefficient the more dependent and, hence, more
affected by changes in the steady state relatitimeiariable. Variables need not necessarily
react to deviations in the steady state by adjg$tactk and re-establishing the steady state; they
may also respond by drifting further away from steady state. The latter behaviour, however,
means stronger adjustment behaviour for other ezrtmgs variables. When a variable’andp3
coefficients have opposite signs, it means thawvtr@ble adjusts towards equilibrium at the
speed ofx. However, if then andp coefficients show the same sign, the variablagififrther
away from the steady state relation at the speadlbf variable adjusts to the steady state with
a speed of 1, it adjusts fully to equilibrium aftere time period, which in this study is one year.
If a variable’s speed of adjustment is less thahelyariable does not fully adjust to equilibrium
within one time period. Finally, if a variablefge®d of adjustment is above 1, the variable ‘over-
adjusts’ and passes through equilibrium to theradltke. It is important to mention that since |
are using log values, the behavioundafoefficients is always related to a one unit cleainghe
steady state. Hence, a lamgeoefficient does not necessarily mean that thetegration relation
has a large influence on the variable. Providetitiigachanges in the steady state are only small;
the real effect on variables’ speed of adjustmestill small although the coefficient is large.
The behaviour aft coefficients continues until the next shock hHies$ystem and calls forth new

reactions.

125ee Juselius (1996; 1998a; 1998b; 2000; 2003)uswlius and Toro (2005) for a methodical approaanoney
demand.

7 Notice that variables with low or non-significantoefficient are not necessarily the ‘causing’ dacbut the
common stochastic trend is the ‘disturbing phenanén
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Table 4Speed of adjustment towards the two
identified cointegration relatgin each industry

Labour-intensive| Capital-intensive  Knowledge-inigas
H1 H2 H3 H8 H3 H5
aY -0.44 -0.42 -0.68 -0.14 -0.47 -0.20
a M 1.29 0.66 1.10 0.21 0.50 0.66
a D -0.60 -0.29
a R -0.36 -0.21 -0.29
a E 0.26 0.11

NoteYis TFP, Mis machinery investments, D is human capital in iadstration,
organisation and salesslRRuman capital in research, engineering and piidu
developmentjsgexport

Interpreting the a coefficientsin labour-intensive industry

The first cointegration relation identified Bsoductivity growth through embodied technical
progress and learning-by-investipgovokes the following adjustment behaviour: TERistS by
-0.44 after a shock in the system and machinerggtment shows an even faster speed of
adjustment of 1.29 and is hence over adjustingceSthe steady state reflects homogeneity
between TFP and machinery investments and bothdarstimg, it is not possible to reveal any
causality between them, the most probable reasog beat they are both dependent on a third
variable, e.g. demand, although demand itself &&ljloy 0.26. Human capital in "D”
administration and organisation shows no adjustmdrgreas human capital in "R” research,
engineering and product development adjusts tetidedy state relation with a speed of -0.36.
The second cointegration relation is identified @Ftoductivity growth through human capital
accumulation in “D”, towards which TFP adjusts apaed of -0.42 after a shock in the system.
Machinery investment moves further away from tleagdy state relation with a speed of 0.66
(since both the coefficient and th@ coefficient are positive). The second steady stdtects
homogeneity between TFP and human capital in “D” iathtnation, organisation and sales.
Since TFP adjusts back to the steady state wheosaarhcapital in “D” does not, it is strongly
indicated that TFP is the dependent variable whidcffected by human capital in “D”.
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Interpreting the a coefficientsin capital-intensive industry

H3 Productivity growth through human capital accumwatiin “R” identifies the first
cointegration relation, which is tested by homogggrigetween TFP and human capital in “R”
research, engineering and product development. @feRta to the steady state relation with a
speed of -0.68 after a shock in the system. Machim@estments move further away from the
steady state with a speed of 1.10. Since humatatapi'R” has no significantt coefficient, |
can conclude that TFP is the dependent variableshwikiinfluenced by human capital in “R”.
Furthermore, as “R” does not adjust to the steddie safter a shock, | can exclude labour
hoarding due to a recession as a possible intatpet Although human capital in “D”
administration, organisation and sales does netakt in the cointegration relation, it still resac
to deviations in the steady state by drifting farthway with a speed of -0.60This possibly
implies that human capital in organisation, adniiatgon and sales decreases in periods of falling
demand and large investments in human capital inwRich is supported by the fact that H4,
implying complementarity between the two types wflan capital, was rejected. The second
cointegration relation is identified by H8 Prodwdy growth through economies of scale. The
hypothesis implies homogeneity between TFP and &xidowever, in this case both variables
react to deviations from the steady state by sladjysting back after a shock in the system; TFP
with a speed of -0.14 and export with 0.11. Hetloere is no statistical indication that TFP is
affected by demand and not the other way round. é¥ew large-scale generally lowers
production costs and increases TFP, hence, thargtieng theoretical argument for that TFP is
affected by demand. Although machinery investmenboit part of the steady state, it adjusts to
disturbances with a speed of 0.21, which make sems® economies of scale call forth
machinery investment. Human capital in “R” adjusask with a speed of -0.21, indicating that
increased scale brings about an increased sh&ssagkilled workers.

Inter preting the a coefficientsin knowledge-intensive industry

H3 Productivity growth through human capital accumuwatiin “R” constitutes the first

cointegration relation reflecting homogeneity beswd FP and human capital in “R” research,

14 Generally | know that variables drift further awigm the steady state when theand coefficients have
opposite signs. Whepiis zero, as in this case, | assume that negatoeefficients drift further away whereas
positivea coefficients adjust to the steady state.
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engineering and product development. TFP adjustsetsteady state relation with a speed of -
0.47 after a shock in the system, whereas “R” shamadjustment, indicating that human capital
in “R” causes long-run growth in TFP. Machinery istraent moves further away from the
steady state with a speed of 0.50. The second goatien relation is identified as H5
Productivity growth through embodied technical pess, learning-by-investing and human
capital accumulation in "D”, which reflects homogéty between TFP machinery investments
and human capital in “D” administration, organieatand sales. TFP adjusts back to the steady
state with a speed of -0.20, machinery investmeatjtsst back at 0.66, whereas human capital in
“D” drifts further away with a speed of -0.29 (st has the same sign as fheoefficient) after

a shock in the steady state. Since all variabldsded in the homogeneous relation respond to
deviations in the steady state, | cannot draw amglcisions about causality. Human capital in
"R” adjusts back at -0.29 whereas export showadjastment. The adjustment of human capital
in “R” indicates new hiring of less skilled workevehereas the movement away from the steady
state in human capital in “D” indicates that huntapital in administration, organisation and
marketing is increasing with current productiorsédems likely that investments in machinery
and enlarged hiring of lower skilled workers callth more expertise in organisation and
administration. It further indicates that learnimg-Hnvesting foremost concerns lower skilled
workers rather than researchers, as with laboangwe industry.

For all three industries TFP is the only variabla reacts by adjusting back to both steady
state relations after shocks in the system, whareahinery investment is the variable most
sensitive to deviations from the long-run equililonirelation although it reacts by moving further
away from the steady state in one of the cointeégratlations.

Combining the quantitative and the qualitative measur ements of output growth

In the beginning of this paper | argued that ineoitd analyse economic growth it is desirable to
remove the quantitative effect of labour and cépgitawth on output growth, and then analyse
how what is left , TFP, cointegrates with qualitativariables. The steady state relations are
analysed by using the information given by ¢handf3 coefficients. Thg3 matrix represents
cointegration vectors, which contain the cointeégraparameters, that is, the parameters that
indicate an equilibrium or long-run relation betwéiee time series. The adjustment parameters

reflect the speed with which variables are drawokb@ or drift further away from the
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equilibrium relation after a shock in the systerg.uBing thef3 coefficients at their estimated

values for each variable in the cointegration refai construct a variable that reflects the
‘hypothesis’ tested for. Then | weight them by thecoefficients and construct a growth
accounting framework which combines the quantigationtribution of labour and capital and the

results of cointegration analysis measuring thalitative’ or ‘technical’ contribution to growth.

Table Browth accounting framework with output as theeadegent variable
in labour-intensive, capital-intaressend knowledge-intensive industries

Industry Capital stock Working hours CR1 CR2
Labour intensive 0.4 0.6 0.44 0.42
Capital intensive 0.6 0.4 0.68 0.14
Knowledge intensive 0.3 0.7 0.47 0.20

Note: Table 5 displays a growth accounting modekfarh industry showing the capital stock in fixeidgs, the
number of working hours and the two identified ¢egration relations for each industry. The sharefacior
payment are used as in the original equations miegstFP from equation 2.

The adjustment coefficients of table 4 constitugewieights for the two cointegration relations.
Using the information in table 5, the equationdotput in labour-intensive industry according to

a growth accounting procedure would be:

dlO = 0,4dIK + 0,6dIW + 0,44CRD,42CR2 (13)

WhereO is outputK is the capital stocklis working hours an@Rrepresents the cointegration
relations. In order to compare these estimatesmihoutput, the two variables appear together
in figures 15 to 17. The figures reveal that the geawth measurement replicates changes in
output rather well. Hence, to combine qualitatind guantitative aspects of the causes of growth,
by first removing the quantitative effect of laband capital growth from output growth, and
then analysing the interrelations of the residigalTFP and qualitative variables for labour and
capital and demand in a full equation system suctha cointegrated VAR model, and then
combining the two measurements in a growth accogntiamework, turns out to be an

appropriate and successful method.
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Figure 150utput in first difference log scale and the neavgh measurement,
labour-intensive industry 1953-2001
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Figure 160utput in first difference log scale and the neavgh measurement,
capital-intensive industry 1953-2001
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Figure 170utput in first difference log scale and the neawgh measurement,
knowledge-intensive industry 1953-2001
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Conclusion

This paper propose an original method to distinglistween different growth generating
mechanisms and measure their separate effectstpotarowth. There are two innovative
elements involved in this method: the first implies disaggregate the data on Swedish
manufacturing industries according to what sortsgobds industries produce and what
technology they use. Data is split up in threaistd/-specific datasets: labor-intensive, capital-
intensive and knowledge-intensive data sets. Tatabf productivity ‘TFP’ is then calculated
for each data set using a linear Cobb-Douglas dgrastounting framework in order that effects
originating from quantitative aspects of the praducfactors are separated from those deriving
from changes in factor quality, technical changd/@neconomies of scale. Using a Cobb-
Douglas production function under the presumptigreofect competition and constant returns to
scale has been heavily criticised for leavingtaaacomplex residual ‘TFP’ in a black box
beyond reach to analyse. However, by means ofebensl pioneering element; analysing how
TFP interacts or ‘cointegrates’ with qualitative reg@@ments of labour and capital plus demand
in a full equation system using the cointegratedRfAodel, it is possible to straighten out a great
deal of the intricacy surrounding such ‘raw’ measoent of TFP by exploring the ‘steady state’
or ‘cointegration relations’ that TFP establishethwather variables in the long run.

The relation between human capital formation andypctivity growth can be outlined in
much greater detail when combining the two noveltlesaggregation’ and ‘cointegration’ in the
analysis. Empirical results show that tkert of things’ that actually do show up as ‘texah
change’ in the raw TFP measurement, often refeadtet'Solow residual’, to a large extent can
be explained by various sorts of learning and kedgé accumulating mechanisms, and
economies of scale. Moreover, there can be more aha type of knowledge accumulating
mechanism affecting TFP growth in each type of stdy in the Swedish case | found two
mechanisms affecting TFP growth in each industryabour-intensive industry the important
factors for growth are embodied technological pesgrand learning-by-investing on the one
hand, and human capital in administration, orgdinisand sales on the other. Capital-intensive
industry has a large share of fixed capital; theesfeconomies of scale is crucial for productivity
growth. It is also shown that human capital in aeslk, engineering and product development is
necessary for improving the technologically advanpeoduction process. In knowledge-

intensive industry human capital in research, ezgyimg and product development is important
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both for developing the production process andtlier invention of new products or better
functions in old products. Furthermore, it is shotisat human capital in administration,
organisation and sales is complementary to embddthological progress and learning-by-
investing; together they constitute the second wf productivity growth in knowledge-

intensive industry.
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