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Abstract

The role of human capital in economic growth haanbiloroughly discussed and emphasised in a vaiety
modern growth theories, especially since the 1980she same time, indisputable empirical prooftba
positive impacts of schooling on growth has bedficdit to achieve. Some studies have reportedtpesi
some insignificant, some even negative resultshenimpact of schooling on growth. The reason fer th
controversy could be that direct measuring of humapital is not an easy task. The typical measfmes
human capital in empirical studies have been literate, school enrolment ratio, and, as the mashiment
one, average years of schooling in the workingpgmilation.

This paper explores empirically what the feedbadk itheory when human capital is assessed
in the National Accounts framework. While GDP annygical capital have grown exponentially in thegon
run, average years of schooling, and the otherigsaxentioned, grow linearly. This is not nece$gdhie
case with an estimate for human capital in thedwali Accounts frame. The first feedback to grovitory
concerns this.

The linear growth of average years of schoolinlikedy at least one of the reasons why the
human capital variable often enters with an expbtakstructure in various growth models. In empitic
studies, especially in the longitudinal ones, aposential transformation for the average yearschbsling
in the working ages, in accordance with Mincerignations, has been carried out for receiving aimagt
for human capital. However, without a similar trimmmation in the other core variables, GDP and as
capital stock, this implicitly refers to increasingturns to schooling itself. With an estimatehe National
Accounts frame this type of transformation does se®m to be needed. For instance, Kendrick’s etima
through accumulated costs for the stock of edueatitd training grows exponentially, and does niar e
increasing returns to schooling. Therefore, hunapital assessed in the National Accounts can pipleb
entered straight-forwardly in the production fuoatiwithout any assumptions.

The main objective to be studied is whether hunapital assessed in the National Accounts
changes the view on whether physical and humarnatamcumulation would be the main factors of giowt
or whether it has been the exogenous technicalgehdn empirical studies, with the proxy variabfes
human capital, the answer has usually favouredatter. Instead, in accordance with the lifetimbolar
incomes system for human capital, Jorgenson andnf@ai have demonstrated that the accumulation of
human and non-human capital accounts for a predorshare of economic growth.

The mentioned systems of Kendrick and Jorgensoma&reni have broadened the National
Accounts far beyond the standard GDP. Their imputddes for non-market activities have been inaude
in the new GDP. Instead, the studies with the pr@ajables have explored the connection of schgaiith
the standard GDP. For reaching a fair comparisofefadback a strict long run econometric analysigane
with intangible human capital by schooling fromyatem of national accounts in which GDP does netha
to change. In this system the education expenditbeere been used as investments in human capital in
Finland in 1877—2000. The stock of human capitastiyooling has been accumulated by the PIM method,
taking into account the long graduation times, ttoe years 1910-2000. The role of human capital by
schooling is studied together with GDP, K and haupsked by the Vector Equilibrium Correction Model.
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1. Introduction

A theory on economic growth should explain mosthaf variation of GDP growth. Human capital
emerged in the growth theories particularly aftee 19605 as one of the logical candidates to
diminish the enlarged unexplained part, the Soleswdual or multifactor productivity, with the data
after the Second World War.

The modern growth theory has emphasised the roluofan capital as one of the
most important factors in national production obge and services and in the incomes generated in
the production process (see, for instance, Rom&6,12987, 1990, Lucas 1988, Rebelo 1991,
Mankiw, Romer and Weil 1992, Barro and Sala-i-Maf@b99, Galor 2005, Truong and Tran-Nam
2007). Human capital is seen either as an inpptaduction together with physical capital or as an
enhancing factor for technical change and laboputinwWhile broadly speaking human capital can
be given a very wide definition, especially edumatiand knowledge accumulation have been
emphasised as the most important form of humanatdpr growth.

At the same time, indisputable empirical proof be positive impacts of schooling on
growth has shown to be difficult to achieve. Somelies have reported positive (see e.g. Barro,
1991, Levine and Renelt, 1992, Barro and Sala-itiMat 999), some insignificant or even negative
results on the impact of schooling on growth (egu, Jamison and Louat, 1991, Islam, 1995,
Bosworth and Collins, 2003). The reason for thetromersy could be that direct measuring of
human capital is not an easy task. The typical oreasfor human capital in empirical studies have
been average years of schooling in the workingpagilation, school enrolment ratio and literacy
rate. A problem could arise from the fact that éhesnventional proxy measures for human capital
are not formed in accordance with the compilatioocpss of the systematic National Accounts as
the other core variables, GDP and physical caital,

This paper explores whether the connection of luoagital and GDP would be more
evident and whether the empirical feedback to thewould be different when human capital is
assessed in the National Accounts framework (NAhI®VGDP and physical capital have grown
exponentially in the long run, average years ofbsting, and the other proxies mentioned, grow
linearly. This is not necessarily the case with emtimate for human capital in the National

Accounts frame.

! The discussion on human capital and growth casielbed very far back, all the way to the days of idamith.
Theodore Shultz (see e.g. 1961) was one of theenflal authors catalyzing the discussion in the0s%nd onwards.
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The main objective to be studied is whether humapital assessed in the National
Accounts changes the view on whether physical amdam capital accumulation would be the main
factors of growth or whether it has been the exogsriechnical change or multifactor productivity.
In empirical studies, with the proxy variables farman capital, the answer has usually favoured
the latter (see e.g. Easterly and Levine 2001, &tadl Jones 1998).

The fundamental questions of the paper are: WdlINational Accounts estimates of
human capital give different implications to thedhan the existing conventional measures? Is
there a long run equilibrium relation to be detdctdth GDP and human capital by schooling
estimated in the National Accounts? Will the unexpdd residual, multifactor productivity or the
Solow residual, be diminished with a National Acctsuestimate of human capital? Has there been
constant or diminishing returns to scale on thea@ycible capital?

The two most well-known National Accounts systemghwHuman Capital by
Kendrick (1976) and Jorgenson & Fraumeni (1989,2899992b) have broadened the National
Accounts far beyond the standard GDRheir imputed values for non-market activities in
accordance with their human capital estimates baes included in the new GDP. This may make
the long run relation more easily achieved amomgviriables. Instead, the studies with the proxy
variables have explored the connection of schoaliitly the standard GDP.

As the first part in answering the questions avergepars of schooling in the working
age population and human capital estimates fromaMAillustrated and compared in the US and in
Finland. As the second part, for reaching a famparison with the conventional measures for
feedback, a strict long run econometric analysislose with human capital by schooling in
accordance with a system of National Accounts inctwfGDP does not have to change. In this
system the education expenditures have been usad @put in the production of human capital
and finally as investments in human capital in &mal in 1877—2000. The stock of human capital by
schooling has been accumulated by the PIM metladehd into account the long graduation times,
for the years 1910-2000. The role of human capitadchooling, assessed in the National accounts,
is studied together with GDP, K and hours workedhgyVector Equilibrium Correction Model.

The rest of the paper is structured as follows:tiSec2 reviews the theoretical
background. Section 3 discusses the differencesnipirical measures for human capital by
education. In Section 4 the role of reproduciblpited in the long run growth process is examined
by time series econometrics, using an estimaténfangible human capital by schooling which is

formed in the National Accounts. Section 5 conclute paper.

2 See Aulin-Ahmavaara (2004) for a review on the tmasl-known approaches on including human cajitahe
National Accounts.



2. Theoretical background

One of the major discussions regarding growth ileeas whether the modern economic growth
could be best modelled by neo-classical or endagegoowth models. One of the questions inside
this discussion is the role of human and physiaital and whether diminishing returns or
constant returns to scale with respect to reprduieicapital would be prevailing in the production
of GDP (see e.g. Jones 2005).

Along with the early rise of endogenous growth tiesy Mankiw, Romer and Well
(1992) introduced an augmented neoclassical SolwanSnodel with exogenous technology. By
using enrolment in secondary schooling as a praxyhiman capital, they conducted a cross-
country study and reported strong empirical supgort the diminishing returns to scale on
reproducible capital and for the neo-classical ghomodel augmented by human capital. In this
model, as in the original neoclassical Solow-Swardeh economic growth would finally cease
without exogenous technical change, because ohdhing returns to the factors of production. In
the long run investments in physical and humantabpiould only have a level effect on GDP, and
the long run steady state growth is determinechbyekogenous technology.

Mankiw, Romer & Weil (1992) were employing a comdgtaeturns to scale Cobb-

Douglas production function in the following form

Y, = K7HE (ALY (3.1)

where a + B+ y =1 i.e there are constant returns to scale with kspeall of the input§ and at
the same timeg + B <1, referring to diminishing returns to reproducildapital. The empirical

counterpart ofy is GDP,K refers to physical capital ardl to human capital (secondary schooling
in their analysis)L is labour input and is the level of technology. With constant retutnscale

prevailing on production the equation above can Igé&ven in intensive form

Y,/ L)=(K /L) (H/L)" A", where technology is assumed to advance fromritielilevel,

Ay, with a constant average rategadlong time (t). Log-linearising the intensive fowmill give

LN(Y/D,=a LN(K/ L)+B8 LN(H/ L)+ LN gt LN &, (3.2)

® Human capital and labour input are here sepanatgs.



wherea + S <1.

In accordance with the assumption of constant metuo scale in the production
function in equation (3.1y + g should be less than unity, referring to decreasatgrns to scale
on reproducible capitak andH. In this case the production function satisfiesperrties for a neo-
classical model. In case af+ £ will equal unity, constant (instead of diminishjrrgturns to scale
are prevailing on the reproducible capital suppgrtthe endogenous growth theory models.
Mankiw, Romer & Weil (1992) came to the conclusibit production function consistent with

their empirical results would hawe = g = y=1/3, and therefore clearlg + 5 <1 .

In contrast, a branch of endogenous growth thetidsssuggested that there could be
constant returns to scale with respect to broadodegible capital, including both physical and
human capitat.In these models, the growth would not have to cteren end without exogenously
defined technology. Investments in and the accutionlaf reproducible capital would be the main
drivers of the growth in the long run as well.

This is the case in an alternative, endogenous thravedel, which is reviewed next.
Assume a Cobb-Douglas production function with tanisreturns to physical and human capital,
K andH:

Y= AKCHS = AKT(RL™ = AK’(% D=, (3.3)

where0< a <1. Human capital is the number of workdrsmultiplied by the human capital of the
typical worker,h=H/ L. Therefore, it is not only the quantitative inmitlabour, but the quality
adjusted labour inputh, that is important for output in this model. If theman capital of the
typical worker rises steadily, the quality adjustaldour input (i.e. human capital) here grows even
if the number of workers stays constafthe model exhibits long run growth because of tamts
returns to reproducible capital, including both idaH, without exogenous technological progress.
(See e.g. Romer 1986, Rebelo 1991, Jones and Miabh®@0, Barro and Sala-i-Martin, 1999, pp.
38-42, 144-146, 172-174) With constant returnscades the model can again be rewritten in

intensive form. This results in log-linear form as:

* Theoretical literature often refers ¥0= AK type of models, in whickK includes all the reproducible capital. See,
for instance, Romer (1986), Rebelo (1991), Banw Sala-i-Martin (1999).

® Strictly theoretically the assumption is that thentity of workersl., and the quality of workers, are perfect
substitutes in production in the sense that ordyctimbinationl_h, is important for output. As a consequence, a fixed
number of bodied,, is not a source of diminishing returns in the edod doubling oK andH, keepingL fixed, will

lead to a double amount ¥%f



LN (Y /L, =a LN(K/ L)+8 LN(H/ L)+ LN A (3.4)

wherea + £ will equal unity.

At a first glance, the log-linearised, intensivenis of the production functions do
seem quite similar. However, the difference of ldger with the neo-classical one is important:
there is no exogenous technical change (or MFP tip)aveeded in the long run production function
anda + B equals unity. This can be tested in empirics ér¢his a long run equilibrium type of
cointegration relation between the variables. ht tase, the estimation of the parameters including
statistical inference can be done straight forwafalt the level variables in 3.4 and in 3.2.

The focus of this paper is on whether the reprdaacfactors would be more
important for the long run GDP and Labour Produttigrowth than the unexplained residual,
technical change or multifactor productivity, onbhaman capital is assessed in the National
Accounts frame instead of using the conventionakbées. The empirical analysis in Section 4 is
done forLN Y (t)/L(t), LN K(t)/L(t}andLN H(t)/L(t) in accordance with the equations 3.2 and 3.4, so
that labour productivity is explained by physicatizdhuman capital by schooling in the labour input
together with multifactor productivity or the Solowesidual. For simplicity, from now on the
variables will be denoted with small letters, iye= LN(Y/ L), k= LNCK/ L), h= LN H/ D.

As the first part of the analysis the differenceshe evolution of the conventional
measures and in the measures formed in the Nathdr@unts will be reviewed. As the second
part, a long run empirical analysis with standar®FG physical capital, hours worked and
intangible human capital by schooling assessethenNational Accounts frame is carried out for
Finland in 1910-2000. In the long run empiricallgsia the importance of the reproducible factors
with respect to the results received by Mankiwlewdl be compared as Finland was included in
their sample. It will also be studied whether tineettrend in 3.2 will be diminished with the human

capital estimate included.

3. Differences in the measures for H

Figure 3.1 delineates the evolution of average syedirschooling (15-64 year-old population),
school enrolment ratio (at the ages 5-34) and &P in the US in 1930-1969. In addition, the
figure gives Kendrick’s estimates for the stockhafman capital by education and training through



accumulated costs, and his new estimate for GDRarlJ.S. (in 1930 (1929), 1948, 1969), as he
has imputed foregone earnings of students as hmngof investments in education, which are
included in the new GDP. The foregone earningsdwdents formed a major part of investments in
education and training and changed the level of GE#natically. The time frame in the figure

comes from the calculation period of Kendrick. Tigeire shows inevitably that the proxy variables
for schooling exhibit linear growth at the same dims GDP (with or without Kendrick’'s

adjustments) and Kendrick's estimate for the stoickducation and training through accumulated

inputs grow exponentially.
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Figure 3.1 The United States 1930-1970: Real GDPh&ned 1996 billions of dollars),
Kendrick's Human Capital stock by education and traning, Kendrick’'s estimate for ‘new’
real GDP 1930 (1929), 1948, 1969, average yearssofiooling in the working age population
(15-64), school enrolment % at the ages 5-34B: all variables except school enrolment ratio are
expressed in index form, 1930=100, sources: sea Hadrces

Figure 3.2 illustrates in turn the evolution of GBRd the average years of schooling together with
Jorgenson and Fraumeni’s (1992a, 1992b) estimatguiity adjusted labour input and new output
of the economy, in accordance with their lifetirmbdur income approach for estimating the impact
of investment in education on growth. In their cédtions, they first estimatestucational output

as the impact of education on an individual’s Iifet labour incomencluding labour income in
market and non-market activities (time spent oetsfte labour market, e.g. parenting and leisure
time). Thereforethe output of the education sector is defined asieasure of investment in
education Secondly, they measured the inputs of the edutatector including the outlays of
educational institutions as inputs and inputs i firm of time enrolled in formal education. In

their analysis, a major part of the value of thgatiof educational institutions accrues to stuslent
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in the form of increases in their lifetime labouncomes. By treating these increases as
compensation for student time, they argue thatpissible to evaluate this time as an input iméo t
educational process. Given the outlays of the ad institutions and the value of student time,
the growth of education sector can be allocatatstsources.

Finally, they aggregated the output of educatioth @on-education sectors of the U.S.
economy to obtain a new measure of U.S. econontmubior estimating the impact of investment
in education on growth. The J-F output in Figur2 r&fers to this new output. They calculated the
capital input and the labour input, both in nonaational sectdrand educational sectéysand
aggregated them, to allocate the growth of this aetput growth of U.S. to its sources. The quality
adjusted labour input in Figure 3.2 is the new tabiaput for U.S. economy comparable with the
new output including investments in education &ythave defined. The human input in this new

system evolves obviously exponentially as the ‘alakl ‘new’ output.
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Figure 3.2 The United States 1950-1986: Real GDPh&ned 1996 billions of dollars),
Jorgenson-Fraumeni’'s new output, Jorgenson-Fraumefs labour input, average years of
schooling in the working age population (15-64)\B: all variables are expressed in index form,
1950=100, sources: see Data Sources

® The capital input involves weighting componentsapital input by rental price. Assets were crdassified by age,
class of the asset, and legal form of organisafiiffierent ages were weighted in accord with pexfibf relative
efficiency. For the non-education sector a total@®® components of capital input were measuredratgip. Hours
worked for each sex were cross-classified by intlial year of age and individual year of educatmmeftotal 2 196
different types of hours worked in estimating tioatcibution of labour input in non-education sectéach type of
hours worked was weighted by the corresponding waige

’ In the education sector capital input is define@ducational buildings and equipment. Labour impearporates the
value of the time teachers and other employeedwdaional system and student time. Intermediatelginclude the
purchases of educational institutions, and arauded in final demand. The contributions of thegmita are obtained
here as in non-educational sector by weightinggtioevth rates by the corresponding share of thetiipueducational
output.
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The result in Jorgenson and Fraumeni’s (1992b)) @&wth accounting for the sources of growth
was that the average rate of productivity growttlided from 1% p.a. to 0.5% p.a. in 1948-1986 in
the U.S. economy and its contribution to growthnfr81% to 17%, respectively. Labour input
contributed now 61% (before 29%) and capital inp2do (before 40%) for growth. Therefore the
guality adjusted labour input accounted now consioly more than before and accounted for most
of the growth.Together capital input and labour input accountexvifor almost all of the growth
They concluded that the accumulation of human aod-human capital accounts for the
predominant share of economic growth.

On the basis of all of above, one could argue #ssessing human capital in the
National Accounts framework by either with accuntedainputs or with lifetime labour incomes,
will give more weight on human capital and on rejucble capital than the traditional measures.
However, both Kendrick and Jorgenson and Fraumgstesis included a substantial amount of
imputed non-transaction based flows not includedhie standard GDP. At the same time, the
conventional measures have been used to explastahdard GDP.

It could be argued that the imputed foregone egmhmave affected the evolution of
Kendrick’s estimate, as the market wages usedrateeence for valuation themselves have grown
exponentially. Similarly, the imputed compensationthe time in the non-market activities, valued
again on the basis of market wages, and the projector the rest of the lifetime incomes in the
J-F system have affected both the evolution of wugmd investment in education substantially.
The question whether human capital by schoolingssesl in the National Accounts frame can be
given more weight in explaining the standard GDBeldaon market activities remains open.

To perceive whether this would be the case, FiguBedepicts the evolution of a
National Accounts estimate on intangible human teay schooling based on paid monetary
transactions on education for Finland in 1935-2t@fether with real GDP and the conventional
schooling measures (the average years of schoolih§-64 year-old population, school enrolment
ratio at the ages 7-26 for Finland). Here, thenede for human capital by schooling is formed
through accumulated volume of monetary inputs imcation in accordance with a modiffed
system of National Accounts including human cagtakchooling in which the GDP does not have

to change. The long graduation times in educat@wvelbeen taken into account and the stock of

8 Human capital is excluded from the asset boundétiye international Standard of National Accoui®bIA) in the
1993 version, currently empirically applied in tg. The revised SNA2008 to be implemented in soess/of time
excludes it from the core accounts as well, buppses it as an additional satellite account tactre system. It is
argued in the SNA2008 (par 3.48) that “Human céfstaot treated by the SNA as an asset. It isadliff to envisage
“ownership rights” in connection with people, anee if this were sidestepped, the question of walnas not very
tractable.”
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human capital by schooling is accumulated by thienie of expenditures up to the time when a
person has graduated from her highest educatian Appendix 1). In this case the conventional
measures and the national accounts estimate caonmgared with the same standard GDP, which
makes the examination exact. Intangible human apiy schooling through the volume of

accumulated costs based on paid transactions ocawaiu is growing exponentially and very

similarly to GDP, while average years of schoolang not.
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Figure 3.3 Finland 1935-2000: Real GDP (constant @0 ref. year Millions of Euro),
Intangible Human Capital stock by schooling, averag years of schooling in the working age
population (16—64), school enrolment % at the ages—26, NB: all variables except school
enrolment ratio are expressed in index form, 1988s=%ources: see Data Sources

The growth theory models aim to reflect the empirreality. The linear growth of average years of
schooling is likely at least one of the reasons wWie/human capital variable often enters with an
exponential structure in various growth modelsemmpirical studies, an exponential transformation
for the average years of schooling at working ages, in accordance with Mincerian equations,
has been carried out for receiving an estimatéhémnan capital.In the longitudinal studies, GDP

and physical capital have been log-linearised wénlerage years of schooling not, referring again
to an exponential transformation on the schooliagable in a non-logarithmic form (see e.g. Self
and Grabowski 2003). However, without a similangf@rmation in the other core variables, GDP

and physical capital stock, this refers implicitly increasing returns to schooling itself in the

® For instance in the forra =e® L. In this formulation u is the fraction of an inilual’s time spent learning skills,
approximated e.g. by average years of schoolingj,giis a positive constant, in turn approximated byweerall

average wage increase rate for an additional yesghmoling (e.g. 0.10) in accordance with Minceréguations. (See
e.g. Jones 2002, 54-56, Bils and Klenow 2000)
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production of GDP. With an estimate in the NatioAatounts frame this type of transformation
does not seem to be needed. Therefore, the hunjatalcaariable assessed in the National
Accounts can probably be entered straight-forwaidlythe production function, without any
assumptions. This is a first feedback for theoryglete of assessing human capital in the NA frame.

To summarise, the NA estimates of human capdajrw exponentially in the long
run as GDP does with exhibiting an evolution muabrensimilar to GDP than the conventional
measures. Therefore, assessing human capital iNdtienal Accounts might suggest: 1) Human
Capital could have a more straight-forward relalop with GDP than assessed with average years
of schooling in the working age population. The axgntial structure of H in entering the
production function might not be needed with naglomccounts estimates. 2) There seems to be a
long run steady state equilibrium relationship leswthe evolution of human capital and GDP, and
possibly with exponentially growing physical capi® Human capital could get a higher weight in
explaining the evolution of GDP than what the cartianal measures have suggested. Together
with physical capital, the unexplained residualltifactor productivity or the Solow residual could
be diminished significantly in the production fuioct.

These suggestions will be econometrically testedsaction 4 with the data for
Finland in 1910-2000 as the variable for intanghulenan capital by schooling was constructed in
the National Accounts frame for Finland in suchayvhat the standard GDP did not change. The
methodology for assessing intangible human capiaschooling for the econometric analysis in
the Finnish case is explained in Appendix I. Thanish case allowed for forming enough long time

series for long run econometric analysis.

4. The role of reproducible capital in the growth p  rocess, the case of
Finland in 1910-2000

As noted in Section 3, the assessment of humanatapithe National Accounts framework as
GDP and physical capital may change the empiritgdlications to theory compared with other
measures. The role of intangible human capital dhysling assessed in the National Accounts
frame will be scrutinised in depth in this sectioyn Vector Equilibrium Correction models in the

Cointegrated Vector Autoregressive model framew@rkgle and Granger, 1987, Johansen, 1996).
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4.1 The Cointegrated VAR model

The VAR model with two lags in the unrestrictednfoin levels is given by
X, = X, +I,X,_,+®D, +¢,, & ~iid Np (0,9Q) (4.1.2)

The Cointegrated VAR model (CVAR) in the vector #giQuum correction form can be derived by

subtractingx, , from both sides of 4.1.1, and can be expressewagquntly in terms of likelihood as
AX, =IIX, +T'AX,_, +®D, +¢ . The reduced form with the deterministic composestimated in

this paper is expressed in 4.1.2:
AX, =TIX,; +TAX,; +p, +af t+®D, +g , & ~iid Ny (0,Q) (4.1.2),

wherex; = (y;, ki, hy)’ in the empirical analysis following, with smaditters in the variables referring
to a variable divided by number of hours worked aexpressed in natural logarithms,

Im=-(-1,-1I,)and I' =-I1,, p, is a vector of constants, Da vector of dummieg,is the time

trend restricted to cointegration relations. In tase ofl(1)-analysis the rank of the coefficient
matrix IT can be used to test the number of stationaryegiation relations (which is the rankof
IT) between the levels of the variables and the nurobenit roots, i.e. common trends (wigh
variables, the number of common trend$is).

If there existg cointegration relations, the matiik has a reduced rank, afldcan be
expressed as f’, wherea, # arepxr.The transposed vectgr includes the long run cointegration
coefficients and the vectar adjustment coefficients for the variables undefew. The constant,
1., appears unrestrictedly in the model generatitijmea trend in the Moving Average (MA) form.
The time trend in the Autoregressive representatbrthe model above is restricted to the
cointegration relations, thus denoted hgt, implying to a time trend in at least one of the
cointegration relations.

It is worth noticing that the point estimates lo¢ tparameters are exactly the same in

4.1.1 and 4.1.2 in the sense that the parametenatss of 4.1.1 can be simply calculated from

2 The VAR model with lag length of two is reviewedce the lag length was inferred to be two by t®thwarz and
Hannan-Quinn criteria in the following empiricaladysis.
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4.1.2 byll=-(1-1,-M,)and I' =-I1,. The latter form is favoured in estimation sintatistical
significance on the parameters of the level vaegldan only be inferred by 4.1.2 in the case of
cointegration.

Inverting the VAR model gives the Moving Averad@X) representation defining the
pushing forces of the system or the common stochastnds. The MA form, assuming no

dummies for the moment, is given by:

t
X, =C) g +1tCp, +C (L) (g, +p, +apyt)+ X, . (4.1.3)

i=1

whereC =B (e, I'B,) @ 0or C=f.0,, X, contains both the initial value,, of the process

x, and the initial value of the short-run dynami€s(L)s,. Equation (4.1.3) shows that the

t
evolution of the level variablex, can be described by stochastic tres ¢, (which can also be
i=1

~ i t . - - -
denoted asﬁDuDZsi ), linear time trend cumulated by the constant (multiplied by C) and
i=1
stationary stochastic componei@§(L)g, , and initial values (Juselius, 2006, p. 256).
For given a and p one can find the orthogonal complements, and B, of

dimensionp x (p — r)and of full rank so thatank(a'a_ ) = p,rank(p'p,) = p. These orthogonal

complements can be used to decompose the longmpact matrixC in the MA form as shown
above. When the time trend is restricted to thategration relations, it will appear in the Moving
Average representation in the stationary part, lagce, is not affecting the non-stationary part.
The time trend of the levels of the variables iduiced by the unrestricted constant in the
Autoregressive form of the model.

The decomposition of th€ matrix is similar to thell matrix: however, in the AR

representatiorpdetermines the common long-run relations andhe loadings, whereas in the

moving average representatian determines the common stochastic trendsﬁa@dheir loadings.

The non-stationarity in the process originates from the cumulative sum of the comboret

14



a’DZ::lsi . In the case of an I(1)-process the number of swchbinations i — r. The common

driving trends are defined as the variahléﬂsz::lsi . (Johansen 1996, Juselius 2006)

It is worth noticing that the matricas, and B, can be directly calculated for given
estimates ofr, p, (andI'=-1-T', -T', -...-T', ), with lag lengttk, see Johansen (1996) Chapter
4). This means that the common stochastic trendsttzir weights can be found either based on
unrestricteda, B or on restricted estimates’, ﬁc. The CATS program used later for conducting
the empirical analysis uses the latest estimatas phs a basis for the calculations in the moving

average representation.

The notion of cointegration relationf'x,, and the notion of common trends

a'DZ::lsi are two sides of the same coin, as are the adjustomefficientsa and the loading

coefficientsﬁm. The cointegrated VAR model provides a generah&aork within which one can

describe economic behaviour in terms of forcesipyitowards equilibrium, generating stationary

behaviour §'x, ), and forces pushing away from equilibrium, getirganon-stationary behaviour

. t
(aDZiﬂsi )-
Let us open the notation in the case of one coiatemp relation in the Autoregressive

representation for the first equation, fay,, of the model with the variables in the following

analysis (three variablgg ki, h; p=3,r =1,p - r = 3-1 = 2 common trends, all variableg1))."*

a;

X, =ap'x, =| a, ((BYit Bkt BN-).

a3
It is often useful to normalize the cointegratietation by the coefficient of one of the variablés.

we normalize on y the equation for the first variabldy,, can be given the usual equilibrium

correction form

ay, :a1ﬁ1<x_1+% lw% h)+T Ay +T.AK #T Ab #e.,  or

Ayt zal(yt—l"'ﬁzk—l"'ﬁsh—l) +|'11Ay_1+|'1A it<—1+rléxh—1+£t_’l )

1 SeeCATS in RATS, version 2, by J.G. Dennis, Hanseddtansen S. and Juselius K., Estima 2005.
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where the bars above the alphas and betas reflee tvormalisation, in which thg parameters are

divided by the beta-parameter of the normalisedée (anda :s multiplied by it).

The cointegration relation in the parenthesis abievstationary, which is why it is
often interpreted as the long-run equilibrium foe tevelsx; = (y: ki hy)’. If £'X; #0, it is interpreted
as a long-run disequilibrium error and for fixeddatheloading a1 captures its effect oAy, . The
growth of GDP per hours worked is explained aboyeéy the stationary cointegration or
equilibrium correction relation of itself with phgal capital per hours worked and human capital
per hours worked, and ii) by the one lag differehgalues of itself and the other two variables
mentioned.

The whole CVAR model in the Vector Equilibrium Cection (VEC) form in the case
of one cointegration relation is given in (4.1.4).this three-equation system, the growth rates of

Ay,, Ak and Ah (differenced variables expressed in natural |dlgars) are each explained at the

same time by the stationary cointegration relatisiith each having their own adjustment

parameterg;, and by the growth rate with one lag of the grovette of each variable:

Ay, :E]-(yt-l +32K-1+33h-1) +AY AR AT A )+ey
Ak, :EZ(Yt—l"'Z;zK—l"'Eshq) LAY T AK T AR )+e, (4.1.4)
Ah 253(34—1 +32K-1+33h-1) LAY T AK AT AR )+e,

As noted above with the number of variables equgio 3,p = 3, one cointegration relation= 1,

the number of common stochastic trenals, r=3 — 1 = 2, refers to two common trends which are

combinations of the cumulated residuals, it:lsi, ‘l'u,zz::lﬁi with loadings to the variables

ﬁlm,l and Blm,z-
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4.2 Empirical analysis

The data should be reasonably long for time sewemometrics modelling. In Finland the general
government sector has provided all of the educatEmices in 1975-2000 and almost all in the
previous history? This enabled to gather the data for the estimatibrihe evolution of the
monetary flows paid for education in Finland backigauntil 1877 and apply them with the
Historical National Accounts data set, availabld=inland from 1860 onwards. Consequently, the
Finnish data allow for the econometric testing.

GDP per person can expressed as a product (GDB/hwworked)*(hours
worked/person). The rise in the former componeptars the most of the long run growth of GDP
per capita. The long run implications of the growhbories are often derived in intensive form for
labour productivity growth with variables expressadproportion to labour input or to efficient
units of labour.

In the empirical analysis that follows, a time tlemas originally included in both of
the cointegration relations to start with the masrestricted model. Figures 4.2.1 a) and b)
demonstrate the evolution of the levels of thealkaas in natural logarithms and their growth rates
along time for Finland in 1910-2000. The first pha$ modelling is to determine the rank of PI.
Before of that, it is required that the residuaks @on-autocorrelated white noise. For this, the-no
normal large shocks to the variables are needbd taodelled by deterministic dummies.

All of the variables are trending upwards andittidusion of a time trend (possibly to
be interpreted as the long run average Solow rakioiuMulti Factor Productivity, MFP) in the
cointegration relations seems to be feasible, whetders to a possibility that the series have both
deterministic and stochastic trends. Looking at fib& differences of the variables it becomes
obvious that there are two periods containing pobbautliers: the end of WWI around 1917-1919
(including the year for the Russian revolution d&ndland gaining independence, 1917, the civil
war year 1918 in Finland and the beginning of theovery 1919) and the years of WWII 1939—
1945 (in Finland the wars ended in 1944 and 194Beidirst year of recovery).

12 The state and local authorities have producedipedly all of the primary and secondary educaiiofrinland in the
time period under review. From the late 1960s fathe professional/vocational and university ediccahas been
organised by the public sector as well. In the edg®ivate organisers of professional educatioth@late nineteenth
and early twentieth century, the state and the aipalities were financing them in the form of sutdss. The
University of Helsinki, the biggest and the oldesiversity has been owned by the state. Educatiding few privately
organised higher education institutes from 1910amde were subsidised by the general government.
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Figures 4.2.1 a) Physical capital per number of has worked (Log K/L), GDP per number of
hours worked (Log Y/L) and human capital per number of hours worked (Log HI/L) in

Finland in 1914-2000, in natural logarithmic form.b) The LN growth rates of the same
variables, sources: see Data Sources

There seems to be a structural break by the enl\Wil, in 1944 or 1945, which is particularly

detectable in the labour productivity growth. Thiewgth rate ofh; accelerates from the 1950s to the
early 1970s with a blip around 1970-1971. The a&saéhg growth is connected with the large
after the war age groups entering the schools lhegetith expanding education. The blip could be
associated with the comprehensive school reforrtiaied at this time, with expanding the

compulsory education to nine years in Finland. @dditional interesting aspect can be noticed
from Figure 4.2.1b): the growth rateslpfandh; seem to be surprisingly similar when considering
how differently the estimate for H has been cunadaaking into account the long graduation times

from all of a person’s formal education (for instan20 years for a person graduating from the
university).
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In the end, after testing the residuals for sdveudlier combinations a level shift
restricted to the cointegration relations was sell944 as WWII ended in Finland in 1944, to
separate the development before and after WWIhénlong run relations of the variables and to
take into account the recovery from the war withtaf physical and human capital destroyed.. For
the other outliers in the WWII era, a transitorypimse dummy was used for 1939-1943, and a
permanent impulse dummy was set to 1940, whichethey with 1944 were perhaps the most
destructive war years for Finland. A permanent ilmp@ummy was set for the first year after the
war, 1945, to describe the first recovery year.atoount for the turbulent end of the WWI period
including a civil war in 1918, a permanent imputieanmy was located at 1917 and a transitory
impulse dummy for the years 1918-1919.

The dummies included are specified below:

* A level shift dummy for 1944p s1944 = 1 for t>1944, zero otherwise;
* A permanent impulse dummy for the year 19, =1,,,,, zero otherwise;

and for the year 1948) , =1,,5, zero otherwise and 197D, =1,4,,, zero otherwise.

« A transitory intervention dummy for the years 191819:D, = -1,4,,,1,,,., Zero otherwise; for
the war period 1939-1948;, = -1,,.,,0 zero otherwise.

1940 01941’ 01942’ 1191’

After the inclusion of these deterministic variahléhe residuals of the baseline model in equation
4.1.2 were independently, identically and normalistributed white noise, see Table 4.2.1, as is
assumed in the VAR model. The LM-tests with 1 tola®s of no multivariate residual
autocorrelation could not be rejected with p-val0e34 and 0.47. A little sign of minor ARCH
effects of multivariate residuals was detected listést p-value of no ARCH effects with one lag
was 0.041, however, the hypothesis of no ARCH &ffedth two lags could not be rejected with a
p-value 0f0.09. The joint normality test was accepted witihalue of 0.33.

The unrestricted baseline VAR modals first estimated, and the results are shown in
Table 4.2.2. It can be detected that there arésstally significantly adjusting parameters (with

|t| >3.51 which is the 5% critical value in the Dickey-Fullg@istribution) in the two of the alpha-

vectors implying to two cointegration relations.eTimultivariate residuals of the model are assumed
to be independently, identically and normally disited with mean zero and a constant variance.
The misspecification tests given below show that dssumption cannot be rejected after including

the deterministic dummies defined above. The cooseelation between the residuals & and
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Ah is very high, 0.88, which is not a surprise loakat the growth rates of the variables. This can

be interpreted as a strong sign of capital andsdkding complements.

Table 4.2.1 Misspecification tests for the unrestcted VAR(2) ,
t-ratios in brackets [ ], dummies included

Multivariate tests

Residual autocorrelation: p-value p-value
LM, : Xz(g) 0.34 LM, ;)(2(9) 0.47
Normality:
LM : )(2 (6) 0.33
ARCH:
LM, : x2(36) 0.041 LM, : x?(72) 0.089
EAy gAk £Ah
Univariate residual std. errors 0.017 0.018 0.020
and cross-correlations :
Epy 1
En 0.052 1
Enn —-0.099 0.880 1

Trace correlation 0.72

Table 4.2.2 The unrestricted baseline VAR(2) modeh the VECM form
t-ratios in brackets [ ]

yt k[ h D31944 t
B' 3.6 -16.8 18.1 3.7 -0.31
B' 16.6 -16.8 6.0 1.6 -0.27
2
l}' -9.3 17.2 -1.6 -0.24 -0.15
3
a, a, a3
Y, 0.003 -0.008 -0.003
[0.14] [~4.22] [-1.62]

K, —-0.0084 0.0029 —0.005

[~4.43] [1.54] [-2.69]
h -0.015 0.0030  0.0029
[ 6.92] [1.40] [1.37]
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Determining the cointegration rank (rank of PI)

As mentioned above, when the procesigliy the number of unit roots equal go- r, which is the
number of stochastic trends in the system Therdaanedifferent ways to gather information for
making inference on the rank of Pl,First, as discussed above, the significance ettefficients

(in accordance with the DF-distribution) in theladpvectors in the unrestricted VAR model can be
used in inference of the rank. Secondly, a trase(f@ssibly with a small sample correction) with

simulated critical values (adjusted for dummies,)etan be carried out in the program CATS.

Table 4.2.3 Trace test and the characteristic roots
Trace refers to simulated asymptotic distributigthwespect to deterministic components in the rhode
*small sample Bartlett corrected, refers to the eladthout deterministic components

r p-r Trace Trace* Modulus of the 5 largest characteristic roots
p-value p-value

0 3 0.0000 0.0001 1 1 1 0.58 0.58

1 2 0.0327 0.0558 1 1 0.76 0.76 0.31

2 1 0.1675 0.2231 1 0.81 0.73 0.73 0.40

Table 4.2.3 describes that with deterministic congmis (dummies) in the analysis, the trace test
suggest the rank of Pl to be two (p-value*=0.223nRequal to oney (= 1), with a small sample
corrected p-value* =0.0558, is on the border ofegtance. The trace test without dummies was
clearly rejectingr = 1 and suggesting = 2, as well as the simulated p-values above withioe
small sample Bartlett correction. Rank equal toozenplying to no cointegration relations was
statistically highly significantly rejected.

As a third step, the rank can be further detectedelducing the rank ofl in the
model, and hence imposing an increasing numbenibfoots p-r) in the model. With the feasible
rank the next largest root of the characteristicction after the unit roots should be clearly lgsm
1. This enables to suggest a choicerfas well.

As Table 4.2.3 illustrates, with 1 stochastic trefunit root) in the model, and
therefore rank = 2, the next largest root getslaevaf 0.8, which can obviously be considered a
non-unit root (the difficult area of testing a uniot is in the range of values between 0.95 — 1).
With two stochastic trends, implying to rank equalone, the next root will get a value of
approximately the same size as in the previous, €ag6. These observations support a choice of
r=2.
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Trace Test Statistics
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Figure 4.2.2 The recursively estimated trace testatistics

Fourthly and finally, the trace test statisticsravestimated with recursive samples
without the deterministic components in the modek(in Figure 4.2.2 especially the lower graph,
the test with a model from which the short run efehave been concentrated out). The graph of the
test is implying undoubtedly at least= 1, as the test for = 1 surpasses the critical value of the
95% quantile of the appropriate asymptotic distitu(this 5% critical value is scaled to one ie th
graph). The trace test for = 2 does not cross the critical value, howeverxhibits a linear
growth over time, and with longer data would prdpagurpass the critical value. Very strictly
interpreting the results, the recursively estimétade test would indicate = 1. However, if the
second linear combination of the levels of theesewould be non-stationary, the recursive trace
test should not display linear growth with longatal This is again supportimg= 2, and the typical
inference here would lre= 2.

With all of the above analysis, it can be infertedt the cointegration rank of the
model should most likely to be determined to twahwsome indication of = 1 being on the
borderline of acceptance. Therefore, the focugss dn the analysis of two cointegration relations
and the hypotheses on which of the variables fdrentévo equilibrium correction relations will be
next tested. After this the casercf 1 will be reviewed.
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Analysis with two cointegration relations between y, kiand ht

The analysis with = 2 is based on the three-equation system with the tiend and the level shift
(both restricted to cointegration relations) ing@ddn each of the long run relations to begin with.
In the case of two (or more) cointegration relagioa lot of work may occur for identifying the
model by testing hypothesi&This means setting and testing restrictions onAhkeoefficients.

The three-equation model with rank equal to twoprssented below. The first
cointegration relation is normalised gnthe second one is chosen to be normalised ahldéast to
start with, referring to the possibility that eithe or y; and possibly the time trend and level shift
could explain the long run development of it. Thers run part of the equations, one differenced

lag of all of the variables, is denoted briefly RvifAX, .

f —_— —_ —_— —_— —_—
Ayt :all(yt—l-l-ﬂ12K—l+ﬂ13h— l+ Q44+ glt)+alM ZIY— ]-_'-ﬁ 2J§— J-.'- tl -1|- Q44+ gZD+FAXt—l +£tl

A

DK =0y (Yiy* Bkt Bl + QA4+ g0+a (B, #6 ,K # h + QA4+ gP+TAX, +¢€

L Ah =a_31(yt—1+:8_1zk—1+:8_13h— o+ Q44+ glt)+a_32(:8_21yt—1+:8_22K— R+ D44+ g h)+TAX , +€ 4

Before proceeding to testing hypothesis, the basellAR is estimated with rank two and the
general model specific data properties can be testbese model specific data properties refer to
general tests whether some of the variables coalldxgluded from the model, whether there are
stationary (or trend stationary when a time trenghc¢luded) variables in the analysig)ether some
of the variables are the primarily purely adjustipglling forces and some define the pushing
forces The two latter tests can be conducted by imposesgrictions on alpha vector, i.e. whether
some of the variables are always adjusting to ioelss of all other variables and whether some do
not adjust at all to shocks in other variablesdautnot be excluded from the cointegration relations
According to these general tests, none of thealsbes could be excluded, none were
stationary with the time trend and the level smftluded and all of the variables proved to be

adjusting at least to one variable in the modedtdad, as the results with the baseline VAR for

2 below indicate,y, is only adjusting tok, and hin one relation, in whichk, and h are not

3 The problem is that any linear combination oftiive cointegration relations will preserve the statirity property.
In other words, when the cointegration rank isdarthan one there is an identification problens the space spanned

by B and notp itself which is uniquely determined. The econoigtrograms (CATS is used here) provides

procedures for testing structural hypotheses owrdi@egration space. These procedures allow teetasmpose and
test hypothesis by identifying restrictions on tiaéntegration vectors’
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adjusting at all. In the other cointegration relatk. and h are the only variables adjusting. This

suggests a test of a known alpha vector whers the pulling force and only adjusting to theesth

variables to maintain the long run cointegratiomikorium, whereas the other variables form the

pushing forces of the system. This test of a uedter in alpha ony, could not be rejected with a

p-value 0.45The Granger causality seems to run fréggmand h, to y, in the long run.

Table 4.2.4 The unrestricted VECM withr = 2,
t-ratios in brackets [ ]

y'[ kt h D51944 t
B' 0.196 -0.92 1 0.20 -0.0169
l}' 1 -1.01 0.36 0.09 —-0.0161
2
a, a,

Y, 0.046 -0.13

[0.14]  [-4.16]

K -0.15 0.049
[~4.27] [1.48]

-0.27 0.049

[ 6.85] [1.38]

Table 4.2.5 The long run structure with unit vectorin alpha on y;

LR test of restricted modgt®(1), p - value [0.45,
t-ratios in brackets [ ]

M k[ h D51944 t
B' 1 —0.88 0.35 0.096 —-0.0195
B' 0.096 -0.86 1 0.20 -0.0155
2
a, a,
Y, -0.12 0.00
[-4.50]  [0.00]
k[ 0.00 -0.15
[0.00] [-4.29]
h 0.00 -0.26
[0.00] [-6.84]
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Table 4.2.6 The MA representation corresponding t@ unit vector in alpha on y;
t-ratios in brackets [ ]

Eyt Eu Ent
. 0.0241  0.0402 0.0323
&l
Common trend (CT) weights
(l‘ -0.00 1 -0.58
|
Loadings to CT
o 2.36 3.94 3.17
Py
The Long Run Impact matrix C
Ept €t Ent b,
Y, 0.00 236 -1.365 0.0301
[0.00] [2.92] [-2.08]
k. 0.00 3.94 -2.28 0.0260
[0.00] [2.92] [-2.08]
h 0.00 3.17 -1.83 0.0350
[0.00] [2.92] [-2.08]

The MA representation with a unit vector in alpbaiven in Table 4.2.6. It shows that, as expected

here, the common stochastic trend is defined byctimebination of the cumulated residualskof

and h , andy, has not had any long run effects, only transitgdfgcts, to the evolution of the levels
t t

of the variables in the system. The common stoithaiend is defined here {sz Eq —0.5825@
i=1 i=1

with positive loadings for each variabje, :[2.4 3.9 3.:} . An intuitive description would be

that the economy and each of the variables hawergmhen an innovation irk, has been larger
than 0.58of an innovation inh, .

The purpose of the following analysis is to idgntife two cointegration relation in
the system in such a way that they are distinahfeach other, and the system can be equally, in
terms of likelihood of the model, presented witeduced number of parameters.

The mainhypothesedo be testedn the case of two cointegration relatioase: Is
there a long run relation between,yk and h to be found referring to a Cobb-Douglas type
production function in equations 3.2 and 3.4? déréhis,are the coefficients of knd h summing up
to one or less than onenplying either to constant or decreasing retuimscale of the broad

reproducible capitalHas there been a long run relation betweenaikd h and technological
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progress?How have kand h been interacting with each other in accordancetemfhnological
progress?

In order to identify the system and test statihycthe significance of the parameters,
the parameters of the variables need to be resdrigd that the two cointegration relations can be

distinguished from each oth&YSeveral combinations of restrictions ghcoefficients were tested

to identify the system. Statistical tests and giegdhinspections to analyse the mean reverting
properties of the cointegration relations with exgpto different restrictions were conducted. The
analysis of the finally chosen identified cointeégm relations and the identified final long run
structure will be presented next.

Starting with the first hypothesis, the statiotyadf the long run relation betweegn k;
and h; was tested by imposing a homogenous restrictiothabthe parameters &f andh; would
sum up to unity, when the relation is normalisedypriThe level shift and the time trend were
restricted to zero in this relation. The likelihocatio (LR) test could obviously not reject this
hypothesis with a p-value of 0.395, indicating tttz likelihood of the estimated model did in
practice not change with the imposed restrictidrer&éfore we will have to accept the hypothesis of
the other long run relation being the productiomdtion of the type in equation 3.4 with constant
returns to scale when intangible human capital bymial education is assessed in the National
Accounts frame. This implies for non-decreasingimes to scale on broad reproducible capital,
human and physical capital.

After this, the hypothesis of the capitals anchtexdogical progress together with the
imposed level shift in 1944, was imposed as a sta@mintegration relation in the model. With
exactly these two cointegration relations, the nhadald not be rejected with a p-value of 0.35.

According to the estimated model in Table 4.#hé,long run development of each of
the variables has been endogenolmsthe first — constant returns to scale produrctiunction —
relation labour productivityy;, has been induced by a weighted surk; @hdh;. Physical capital in
proportion to labour input has a weight of 0.53 ahdman capital of 0.47, referring to almost
identical long run average contributions to the daip productivity developmentLabour
productivity shows to have been adjusting to theckbk of the other variables statistically
significantly with a t-ratio of -3.1 (here the naairt-ratio value |1.98| with 5% risk level shoule b
exceeded for statistical significance). At the sammee, k. and h; have not been adjusting in the
same relation to the shocks of labour productigitywth and to shocks of the other type of capital
in the labour input. Thus, it can be obviously redd to as the production function relation.

14 See Juselius, K. (2008he Cointegrated VAR model: Econometric Methodobogy Macroeconomic Applications
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Table 4.2.7 The final identified long run structure

LR test of restricted modgt®(2), p - value [0.35,
t-ratios in brackets [ ]

Yi kt h D31944
B 1 -0.53 -0.47 0 0
! [-5.47] [-4.93]
B 0 -0.74 1 0.176  -0.0155
2 [13.3] [5.81] [8.53]
a, a,

y, -011 008
[-3.10] [-1.68]

k[ 0.05 -0.12
[1.34] [-2.53]

h 0.01 -0.25
[0.30] [-4.94]

Instead, in the second relatiBpand h; have been adjusting to each other, which is makieg
development of the variables in this empirical mMaaeogenous. As one type of capital has grown
the other type of capital must have grown, in agdance with the time trend, to keep the relation
h =074 +gt or h-074& —gt=0C stable. Since, in non-logarithmic form
(Ht / L()/(O.74Kt /L, )=H, /0.7&,, the relation describes the evolution of capitaésnselves. As
both are adjusting in the relation, physical anthan capital have grown with respect to each other
along with technological change. Human capital ¢pasvn faster, and in order for the relation to

stay stable, the technological progress, the tireadt is needed for enhancing the effects of

physical capital. This is realistic since the teabgy embodied in the equipment and machinery

has no doubt advanced ky, and with the same costs the capital goods prabliater are of higher
quality. The technological progress and the grosit, has created demand for human capital. At

the same time more human capital has induced abjldggo higher technology capital goods and
promoted interest in investing in production equgms in Finland. Consequently, in the empirical
model abovea positive increase in human capital has stimulaibgsical capital to grow and vice

versa After 1944 the whole relation between the capiteds shifted by 18% in favour for human

capital, t 21944 [h + 0.18= 0.74 + gt . This is probably due to the destruction of phgsic
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capital in WWII and to schooling expansion that pesvided more possibilities to use higher and
higher technology equipment and machinery adopt@u the evolving world technology frontier.

The latter has created an incentive to invest imtinaously advancing physical capital. In addition,
much more physical capital was destroyed in 193941fian human capital, and the shift in that
time also reflects an exogenous shock in the weaglation of the capitals. The rate of the averag
growth of technological progress, interpreted herdoe embodied in the physical equipment, is

estimated to be less than 1.6 per cent per yegheimodel.
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Figures 4.2.3 The cointegration relations withr =2, CRS-production function in intensive
form with human and physical capital as a first re&tion (Beta 1, upper graphs), capitals and
time trend in the second relation (Beta 2, lower giphs)

The long run equilibrium correction (or cointegeat) relationsB, : [y, —0.53k — 0.4 = 0 and
B,:[h -0.74k - 0.18D,,,,— 0.016= C are sketched in Figure 4.2.3. The upper grapiZ(t))
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in both figures refers to thfX, relation in the model in equation 4.1.2 with thersiun effects of
the lagged differenceFAX, , included in the model. The lower grapta R, (t) ) refer to a model
from which the short run effects have been coneéedrout. TheR, model is of more importance

in identifying the long run structure. However, timean reverting properties should be present in
both graphs, and the evolution of the relation &hawt differ significantly between the models.

Both relations exhibit a mean reverting stationaefaviour, with similar evolution in botiz,, and

R,, models.

Table 4.2.8 The MA representation corresponding tthe identified long run structure,
t-ratios in brackets [ ]

£yt gkt ght

0.0237 0.0270 0.0200

Jsi

Common trend (CT) weights

o 038 1  -0.58
o [1.55] [ -5.98]

Loadings to CT
ﬁ' 1.75 2.00 1.48
a [2.54] [2.54] [2.54]

The Long Run Impact matrix C

vt € Ent t Vo,

Y, 0.66 1.75 -1.01 0.0312
[3.19] [2.53] [-2.08]

k 0.75 2.00 -1.15 0.0272
[3.19]  [2.53] [-2.08]

h 0.55 1.48 -1.47 0.0356
[3.19] [2.53] [-2.08]

The Moving Average representation of the identifraddel is given in Table 4.2.8. The main
message of the MA form with regard to the commendris the same as in the case of a unit vector

in alpha ony, : the common stochastic trend is defined by thelgpation of the cumulated shocks

i=1 i=1

t t
to k. and h by {Ze‘ki —0.5825@ . The proportion in non-logarithmic fornk/L / H/L = K/H, and

the innovations irK andH seem to be the source for the pushing force imtbdel as the alpha
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orthogonal coefficient fory,is not statistically significant. All of the varibds have a positive

loading with respect to the common trepd,=[1.75 2.0 1.4§.
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Figures 4.2.4 Recursively estimated tests for th@gstancy of the model long run parameters

and identifying restrictions

Finally the constancy of the mod@-parameters and the constancy of the restrictionsosed
above ong in the long run was examined with recursive teStee parameters of the long run

relations have been stable over the whole estimg@riod and certainly below the critical value of
rejecting the constancy (scaled to 1 in the figuas)can be seen in the upper graph in Figure$.4.2.
Similarly, it becomes obvious from the lower grafitat the identifying restrictions on the

cointegration relations would have been acceptealliaf the recursively estimated sample periods
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along the time frame. Attention should here be paithe lower line, referring to the stability diet

long run R, model, from which the short run effects have bemrcentrated out.

Analysis with one cointegration relation between y:, krand h;

The analysis of only one cointegration relationl Wi reviewed here first because the analysis of
the cointegration rank gave some signs ®fL being on the borderline of acceptance. Seconddy, w
can use this analysis to ensure without any dothatisthe first relation above can be named as a
production function relation.

With one cointegration relation and the otherialdes normalised on GDP per

number of hours worked fythe vector equilibrium correction model gets fibven:

DY, =a1(Yy + Boka+ Bal) T LAY 4T AK +T AD)+e,
DK =a2(Yy +Boka+ Ball)  +T,AY +T,AK #7400 )+€,
A =as(y, +BoKa+Bshy)  +T LAY 4T AK +T Ah)+e,

In the analysis above it was shown that the lelwi#l $944 was not present in the first cointegnatio
relation. Therefore, a permanent impulse dummy seddo 1944, to account for the level shift in

the Moving Average form in the evolution of theéés/of x, . This produces the same effect on the

evolution of the level series as a level shiftniestd to cointegration relation plus a differerafat
unrestricted included in the model (see Juseli@62pp. 104-109).

After the estimation of the baseline VAR, thegmaeters ok; andh; were restricted to
sum up to the coefficient gf and for testing that the production function wobkl exactly of the
type y = k?h™, the time trend was restricted to zero. The estomaesults (below with t-values in
parenthesis) of this model with restricting thegmaeters of k and h summing up to one in the
cointegration relation argue that GDP per hourskegrcould be explained solely by physical and
human capital per hours worked. The LR test onrék#riction was accepted with a p-value of 0.24.
Along with the homogenous restriction on the paranse the constant returns to scale hypothesis

with respect to broad capital could not be rejecteafether with this, it was tested that the time
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trend (the Solow residual) could be left out of gineduction relation when human capital by formal
education is included.

Table 4.2.9 shows that all the variables ar@ssizlly obviously significant in this
long-run relation. Physical capital in the labonput gets a parameter value of -0.54 and human
capital in the labour input only a slightly smalteslue of -0.46, implying that with a simple
production function approach they would explainrehalf of the long run GDP per hours worked
in Finland in 1910-2000. More importantly, techhichange or the Solow residual could be
excluded from the model, with LR-test the p-valti®.@4 in the case of one cointegration relation.
Here, with only one long run stationary relationthe ECM model, all of the variables adjust
statistically significantly to the long run equilibm between the variables: labour productivity
adjusts with a pace of 6.7% each year to get bathket equilibrium of the disequilibrium caused by
shocks, physical capital per hours worked by 11% lauman capital per hours worked by 14% a
year. What we could not hypothesise in this moethat the capitals may have adjusted to the

development on each other and notypn

Table 4.2.9 The identified long run structurewith r =1

LR test of restricted modgt*(2), p - value [0.24, p-value*[0.46]
t-ratios in brackets [ ]

Y, k. h t

B 1 -0.538 -0.462 0
[-5.86]  [-5.04]

o,

A -0.07
[~2.61]

kt 0.11
[4.15]

0.14
[4.56]

The cointegration relation is sketched in Figur2.3l(the lower of them is estimated by reducing
the short run effects from the relation). The iielais obviously stationary and the biggest shocks
to the system caused by wars (1917-1919 and 1988)1#hd depressions (early 1930s and early

1990s) are the causes for momentary disequilieiavden the variables.
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Figure 4.2.5 The cointegration relation withr =1 , only y, k and h in the model

Table 4.2.10 The MA representation corresponding tthe identified long run structure with
r=1
t-ratios in brackets [ ]

yt gkt ght

o 0.0211  0.0297 0.0222

&
Common trends (CT) weights
' 1.63 1 0.00

Cos [2.09] [0.00]

o 2.15 0.00 1
0,2 [2.26]  [0.00]

Loadings to CT:s

l~3v 0.91 250 095
01 [1.78] [3.49] [1.77]

= -0.30 -1.60 1.20

Po.

[-0.86]  [-3.22] (3.24]

The Long Run Impact matrix C

yt

Y, 0.83 0.91 -0.30 0.031
[5.34] [1.78] [-0.89]

k 0.65 250 -1.60 0.027
[2.98]  [3.49] [-3.22]

h 1.03 -095 120 0.035
631 [-1.77] [3.24]
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The MA form, given in Table 4.2.10, shows that tiwe stochastic trends, with= 1, are defined

by the innovations ory, and k. and ony, and h,, stating that the growth in labour productivity
growth itself has pushed the system to grow togetiit k, andh .

What if human capital per hours worked did not e&s an empirical variable in the
analysis? Could it be excluded from the mod&t&v would the rate of the technical change (or

Solow residual) change in the long rumRese questions can be answered by imposing ahege

a: = B, = 0. The results are shown in Table 4.2.11.

The LR-test, comparing the Log-Likelihoods of thedels with and withoul,, does

not support excluding human capital from the mod@ibe growth of the estimated time trend (or the
“Solow residual”) interpreted as technological pess would be 2.4% a year when human capital
per hours worked was excluded from the model.ilifthiis model was fitted to the datk,would

not be adjusting statistically significantly (t-ual -0.64) to the long-run equilibrium, which would
imply for it being weakly exogenous in the modetldherefore the determinant of long-run labour
productivity growth together with the time trendfithout having human capital assessed in the NA
in the model, it would be possible to end up withtraditional neo-classical Solow-Swan
explanation for labour productivity growth, withlarge Solow residualThe cointegration graph
below is perhaps not exhibiting strong mean rengrproperties throughout the sample and could

not give strong support to a stationary behaviour.

Table 4.2.11 The long run structure without h in the mode|r =1

LR test of restricted modgt®(2), p - value [0.0027, p-value*[0.0341]
t-ratios in brackets [ ]

Y, k. h t

B 1 -0.263 0 -0.0243
' [-5.86] [-3.89]
a,
Y, -0.07
[-4.23]
k. -0.12
[-0.65]
h 0
[0.00]
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Figure 4.2.6 The cointegration relation withr =1 and only k and t in the model

To conclude the analysis with one cointegratiomtieh between the variable§DP per hours
worked could be explained solely by physical anchdmu capital per hours worked his relation

replicates a constant returns to scale productionnction in intensive form
Y/ L=AK/D*(H/ D" referring to endogenous growth models of the type AK, whereK is

defined as broad reproducible capital including homapital. All of the variables are endogenous
in the model and adjust to the development of tiherovariables. This implies that the empirical
evolution of the variables has been truly endogsenauthe model. The time trend or the Solow
residual could be left out of the production reatiwhen human capital by formal education,
assessed in the National Accounts, is includethénnmbodel. This is signalling for the possibility of
an endogenous technological progress induced byhwand physical capital accumulation.
Without a human capital variable, constructedraghis study, the conclusion would
be in favour of exogenous neo-classical growth.r&loee the building of the human capital
variable in the National Accounts frame, as GDP pimgkical capital, can change our insight of the
growth process and may give support to endogenamystly theories with constant returns to scale

on reproducible capital.
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5. Conclusions

One of the major discussions regarding growth tlkeeas whether the modern economic growth
could be best modelled by neo-classical or endagegoowth models. One of the questions inside
this discussion is the role of human and physiadital and whether diminishing returns or
constant returns to scale with respect to reprduieicapital would be prevailing in the production
of GDP (see e.g. Jones 2005).

In empirical studies, with the conventional measufer human capital, such as
average years of schooling in the working age patmr, the answer has favoured the latter (see
e.g. Easterly and Levine 2001, Hall and Jones 1998)s also shown to be difficult to achieve
indisputable evidence on the positive impact obsting on GDP growth.

This paper explored whether the connection of huepital and GDP would be
more evident and whether the empirical feedbadkéory would be different when human capital
is assessed in the National Accounts framework (NE)e main objective to be studied was
whether human capital assessed in the National uxdsocould change the view on whether
physical and human capital accumulation would ertfain factors of growth or whether it has
been the exogenous technical change (or multifgctmtuctivity).

As the first part average years of schooling mworking age population and human
capital estimates from NA were illustrated and cared in the U.S. and in Finland along th&'20
century. The graphical inspection showed that thBddal Accounts estimates for human capital by
education of Kendrick and Jorgenson and Fraumenihi® U.S. and of this paper for Finland do
grow exponentially and follow closely the evolutiohGDP, while the conventional measures grow
linearly. Therefore, a variable for human capitgldehooling in the National Accounts implies to
more weight on human capital in explaining GDP, gnes the feedback that human capital by
schooling can be entered without an exponentiatgire into a growth theory model.

Jorgenson and Fraumeni’s (1992b) conducted a grawathunting analysis resulting
in that together capital input and labour inputcasted now for almost all of the growth of their
adjusted output in accordance with their lifetilddur income system. They concluded that the
accumulation of human and non-human capital aceofortthe predominant share of economic
growth, which gives implications to endogenous glovinstead, Mankiw, Romer and Weil (1992)
reported strong support for the neo-classical Sédovan model augmented by human capital. In
their analysis they were employing secondary sclemwblment as a proxy with respect to the
growth of the standard GDP.
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Both the systems of Kendrick and Jorgenson andnfi@auhave included a substantial
amount of imputed non-transaction based flows lotimvestments in human capital and in their
GDP. It could be argued that this has influences rssults. At the same time, the conventional
measures have been used to explain the standard BigRjuestion whether more weight on the
reproducible capital can be given in explaining 8tandard GDP based on market activities
remains open.

For reaching a fair comparison of National Aatisuestimate with the conventional
measures for the discussion on the feedback toythawangible human capital by schooling was
assessed in the modified National Accounts systemhich GDP does not have to change. An
exhaustive Vector Equilibrium Correction analysiasawconducted on the evolution of the long run
labour productivity, physical capital per hours ket and human capital per hours worked for
Finland in 1910-2000.

The results showed that labour productivity vemusting to the innovations in
physical and human capital in the labour input @intain the long run steady state equilibrium
between the variables. Instead, human and physagadal in proportion to hours worked were not
adjusting to the shocks in labour productivity. fidfere, the direction of Granger causality has
been from human and physical capital in the lalbmout to labour productivity.

The pushing force for the labour productivityogth was the proportion of the
innovations of physical capital to human capitahys$tcal capital connected to the level of
technology and human capital have been growingspanse to each other in the second long run
equilibrium relation. The result suggest that tetbgy can be seen embodied in physical capital
giving support to vintage capital models.

According to the results the Solow residual oultifactor productivity can be
excluded from the production function in intensifegm when human capital by schooling is
assessed in the National Accounts frame. Consdntns to scale are prevailing in the long run
production with respect to broad reproducible @pitncluding human and physical capital.

Therefore, the results give support in the simplessh to they, = Ak type of endogenous growth

models withk; referring to broad reproducible capital. The long average elasticity of GDP is
suggested to be approximately 0.5 with respecbth physical and labour input adjusted by human
capital by schooling.

In the essence, the feedback to theory of aggesaman capital by schooling in the
National accounts is that human and physical capr&a the main determinants of the long run

standard GDP growth. Human capital is one of thetnmportant factors for long run growth.
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Appendix I: The modified system of production of Na tional Accounts
with intangible human capital by schooling

Human capital is excluded from the asset bounddryhe international Standard of National
Accounts (SNA) in the current empirically applie@9B version (SNA1993). The revised SNA2008
to be implemented in some years excludes it froencthre accounts as well, but proposes it as an
additional voluntary satellite account outside ¢bee system.

In the System of National Accounts (SNA) non-fioiah assets are either produced
assets or non-produced assets. Following Aulin-Araaea’s comprehensive work, in order to treat
human capital as an asset it has to belong toresfithese categories (Aulin-Ahmavaara 2002). At
the same time, learning new skills and knowledgguires inputs. Thus, in Aulin-Ahmavaara’s
words, “If human capital is wanted to be seen asasset, it has to be produced.” (Aulin-
Ahmavaara, 2002, p. 3) But production of human teafalls outside the production boundary of
the SNA. Therefore, including human capital insadeNational Accounts necessitates moving its
production inside the production system where adugnd other produced assets (e.g. physical
capital) are produced.

It is worth clarifying that excluding human capita the SNA is not an accident. It is
a logical consequence of the definition of produttin the system. The issue of leaving human
capital out is dealt in detail in the current apgdliversion SNA93 and in the in the revised SNA2008
to be implemented in empirical work in some yedrese SNA2008 (par 3.48) statesitiman
capital is not treated by the SNA as an assets Itlifficult to envisage “ownership rights” in
connection with people, and even if this were s$agred, the question of valuation is not very
tractable” However, economists have often requested to dellauman capital inside the system.
National Accounts are also constantly criticisedhof incorporating the most important factors for
modern economic growth.

The valuation problem mentioned above may haveesiang to do with the most
well-known proposed systems including human capa#éo suggesting flow variables without
monetary transactions to be accounted either assiments or as services of human capital (see
Kendrick, 1976, Jorgenson and Fraumeni, 1989, 199982b). For instance, treating foregone
earnings of students as investments in the cortersysvould make GDP to include this same
amount, for which no transactions occurred. It $thdxe added to the balance sheet of households
as well. While foregone earnings can be justifiexhf the input-output view, it may be unjustified
from the point of view institutional sector accosinivhich aim at giving the financial position (the
net lending/borrowing to/from other institutionacsors) of the institutional sectors and how they
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have financed their production and investmentforiégone earnings were added in the output (/or
as an input) of the household sector (/of the sesteere educational institutions belong in each
country), this would have to change the disposatdeme of the household sector (/the respective
sector) even without any transactions occurredth@tsame time, thinking of GDP per capita as a
measure for material living standard, in the long analysis the inclusion of foregone earnings in
the core accounts would not perhaps make sense, stnone has eaten with foregone earnings.

Without arguing that foregone earnings of studewtsuld not be important in
education decisions, this paper introduces a systententrating on paid monetary flows as
investments in formal education for two particul@easons: First, the aim here has been to explore
whether schooling has had a role in the standar® @D@wth. All the empirical studies with the
proxy variables for human capital have sought fier¢connection with the standard GDP. Second, if
foregone earnings are added to both investmentst@r@DP, it results in an approx. 20-30%
increase in the level of GDP and hence would mak®ieh bigger part of investments (Kendrick,
1976). When human capital stock, accumulated by suawestments would be studied with GDP,
the long run cointegration relation would be engaillly much easier to achieve. Therefore, at least
to start with, it would be good to make sure tlint tonnection of education can strictly be found
with the standard GDP. Inversely, after findingpad run cointegration relation as in this papeg, th
relation is probably to be found as well with adgthe same figure to investments (accumulated to
the corresponding stock) and to GDP. Next, the fiwadions to the system in this paper will be
introduced in comparison with SNA.

The system of production in the SNA and the rewisito the production system of it
in this paper are shown below. The descriptionhef gystem of production of the SNA (the basic
equations 1-5a) and 6) is based on the represemttiAulin-Ahmavaara (2002y. The system is
simplified in the sense that taxes and subsidies igmored and a simple geometric rate of
depreciation is assumed. The revisions to the mtomlu system are shown with the bolded
variables and with equation 5b).

In the original system of production of SNA thesfiequation (1) defines the supply
and demand in the economy in a time unit (in a y@am a quarter): Output (O) is the sales
revenues producers get when selling the produ&yg liave produced. Imports (M) include the
value of goods and services imported to the couiiing use or demand of these products is on the
right hand side of the first equation (1): Partladse products has been re-used in the produdtion o

15 Aulin-Ahmavaara was originally describing the gystof production of the SNA93, however, to my besiwledge
the reasoning here does not change in the SNAZO@8biggest change here in the SNA2008 is thatrebeand
development expenses will be subtracted from intgliate uses and treated as investments.
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other producers as instant intermediate inputsoflys investmentsyj typically e.g. machines and
buildings that are used for more than one yednenproduction of the buyer-producer). A good part
of them is used as private final consumption (@) goavernment final consumption (G) or exported
(E). All of the variables are expressed in monetargns, in current prices, or in fixed prices, wher
the price changes have been deflated.

The second equation (2) shows how GDP (or valgeddcan be calculated through
output minus intermediate inputs or through net-aedyi.e. C + | + G + (E-M). The third equation
(3) emphasises that the value of output can alsoabmilated through incomes generated in the
production process, namely through intermediataetsplus the compensations for labour (W) and
capital (R, operating surplus of the producers).aAsonsequence, in the fourth equation (4) the
same GDP can be derived by the incomes generatédeirproduction process as the sum of
compensation for labour and for capital. The oagiiifth equation (5a) describes the accumulation
of physical capital: investments in physical cdpitacrease the accumulated stock and the
depreciation decreases the value of the stock. [&beur input (equation 6) is treated as an
exogenous variable as households decide whethgratieeavailable in the labour market and how
much they are willing to work.

In order to include intangible human capital haoling in produced assets the
production system is revised in this paper (thelb@riables and equation 5b). In equation 1, the
education expenditures are deducted from final wosion (in the Finnish case from general
government) expenditures and reclassified as irgdiate inputs (used in the learning process of
students). The new skills the students have emdodiea year are treated as produced human
capital by schooling@y) and then as investments in human capitgl (The former is added to the
nation’s output and the latter is added togethdén whysical capital investments)l The produced
human capital by schooling and the investmentsumdn capital by schooling (to be used finally
for more than a year in the production process)valeed, at fixed prices, through the actual
monetary flows paid in the economy, i.e. their eaisiequal to education expenditures. This means
that the accounts are balanced and GDP does nogeha the new equations 2 and 4 as the value
of produced human capitaD() and investments in human capital) (€quals the value of education
expenditure that is added to intermediate inputd subtracted from final consumption (in the
Finnish case from general government) expendiflime spent at school (and outside while doing
homework) is seen here to be used in the produdfidruman capital, however, since no one has
paid the students, no monetary value is given.tdhée depreciation of human capital by schooling
of the labour force is assumed to be included &ir thages and salaries as part of the compensation

for the skills accumulated and used in the laboarket. It is worth noticing that in equations 3 and
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4 the compensation for labour includes the compemsdor skills and knowledge by education
used in the production. In a modern economy thepamsation for skills and knowledge should
count for a bigger part than the compensation fysgal labour work.

In the new equation 5b, intangible human capiasd¢hooling, H, is accumulated with
the perpetual inventory method. When the long grido times are taken into account, as in the
calculations for this paper, the accumulation isedlarhen a person finally enters the labour market,

by all investments ,, (education expenditures) uth&t time. The accumulation is decreased by

the rate of depreciation of human capital by sdngolvith the assumption of geometric age-
efficiency profiles. The physical capital of theuedtional institutions is here left to physical italp
stock. The broad capital accumulation in the revisgstem will include physical capital and

intangible human capital by schooling.

1. [O+0O4] + M =[U + education expenditue+ C + [l ¢ + Iy] + [G - education expenditure+ E

2. GDP = [O+0y] - [U + education expenditufe= C+ [l ¢ + Iy] + [G - education expenditufet E — M

3. [0+ Oy] =[U + education expenditude+ W + R

4. GDP =[O+ I4] - [U + education expenditufe= W + R

dK dH
Sa)EZIKt_JKKt 5b)E:|Ht_5HHt
6. L=L
Where

O = gross output, U = intermediate uses / intefatednputs, C = private final consumption,
G = General government final consumption expenelitur

Ik = gross physical capital formationy & gross human capital by schooling formation

E = exports, M = imports

W = labour compensation, R = operating surplusriixed income)

K = physical capital stock,JK = rate of depreciation of physical capital
H = human capital stock by schoolingéH = rate of depreciation of human capital by schrapli
L = labour input
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Geometric depreciation rates were used becauseythieplly combine the age-price/age-efficiency
and the retirement profile for a cohort of asséss.shown in the OECD’s manual for measuring
capital (OECD, 2009), various age-efficiency prsilfor individual assets, when combined with
retirement profiles for entire cohorts, generatafifgs that are more or less convex to the origin s
that the geometric model can be used as an appatigimto a combined age-efficiency/retirement
pattern. Furthermore, the productive capital stacll the net capital stock coincide in the case of
geometric depreciation rates because age-price aelefficiency profiles coincide. The
depreciation rates for each type of education vegngroximated by using the declining balance
method. Hulten and Wykoff (1996) have made a sugges$or converting an average service life
of a cohort, T, into a depreciation rate, with formula= R / T, where R is the declining-balance
rate. Under the double declining balance formula Bet to equal 2, but generally it would be best
to turn to empirical estimation results for the ghaf the geometric depreciation pattern. Recently,
Baldwin et al. (2007) have reported econometrigredes of declining balance rates for traditional
capital in the range between 2 and 3. In this paperlong run retirement average was set to be at
age 65 and the graduation ages depending on teeatyg level of education, and on the year in the
history of the education system. The accumulati@s wWone separately for people entering the
population at the working ages with primary, lowesecondary, upper secondary,
professional/vocational and university education.

The average age for entering the labour mankéts basic education (for the years
after 1975 comprehensive and before it primary atiog) was set to 16, with upper secondary
education to1l9 and with university education to 2i&lding the average service lives for the
mentioned types of education 49, 46 and 37 yeaspectively. The rounded depreciation rates
were set by calibrating with the declining balafieenula: 5% depreciation for basic education,
5.5% for upper secondary and 7.5% for universitycation'® giving the respective declining
balance rates 2.45 per cent, 2.73 per cent anpe2.8ent, falling in the range between 2 and 3. The
decline rate in basic and upper secondary is astumde lower than in the university (and
professional) education because of the basic krdgeleand skills giving nature of this type of
education. For university and professional eduaatie declining balance rate is assumed to be
somewhat faster (and similar in respect to eachrpthecause they include specialisation directed
to the labour market at the time and the evolutiblabour markets has been fast in connection with
fast transformation of the society and rapid tedbgical change in Finland.

18 with these geometric depreciation rates the tasicupper secondary education investment has 206td its value
in its average service life and university edugatiovestments 94% in their average service lives.
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For the professional/vocational education difféneaths for entering the schools and
completing the education were considered: For tharsy up to mid-1950s the typical way to
professional education was considered through I@&eondary or primary education at the average
age of 16. Most of the lines on this type of ediacatvere lasting for two years, however, 20% of
the students were considered to have continuedré yRar (e.g. in upper engineering schools).
After 1955 until 1990 an additional"4year was set to be available to 25% of the thless
students. After the polytechnic reform in the edr®90s the proportion of the 4-year professional
education was increased gradually to 70% of stsddmgether with similar declining balance rate
to university education and in accordance with sieevice lives of 47, 46 and 45 years, the
depreciation rates were set to 6%, 6.1% and 6.2%.

The entire stock reflects people in the workingsaggh different education along
time, taking into account the volume of the resesirput to education each cohort with different
educational path have use@lo achieve this, the number of students in eaphk tf education was
collected, and the number of students in each Yiat, second, third etc.) of each type of
education was estimated.

Intangible human capital by schooling (or the acalated knowledge and skills) is
used finally in the process of production and ineageneration in the labour market in the working
ages incorporated in the hours worked. The wagdssalaries that are accounted in GDP (see the
above equation 4) are paid for people participatinghe production. In a modern economy an
increasing part of their income is compensationtifieir skills and knowledge used in production.
This does not imply in any way that the accumuldtathan capital by schooling — especially of
people working in research and development — coatdaffect technical change separately. Rather,
the reasoning here implies the existence of boéimcéls on how human capital enhances economic

growth.
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Data Sources

Data for U.S. in Figure 3.1 and 3.2:

Carter, Susan B., Sigmund G. Scott, Michael R. emiflan L. Olmstead, Richard Sutch, Gavin
Wright (Eds.) (2006).The Historical Statistics of the United Statddew York: Cambridge
University Press, 2006; real GDP for the U.S., stlearolment rate at the ages of 5-34

Jorgenson, Dale W., Fraumeni, Barbara M. (199Rb)estment in Education and U.S. Economic
Growth, Scandinavian Journal of Economics, 94. Supplenmnt51-70; J-F Output, J-F Labour
input

Kendrick, John W. (1976)he Formation and Stocks of Total Capit@blumbia University Press
for NBER, New York; Kendrick’s stock of H by edutat and training

Godo, Yoshihisa and Yujiro Hayami (1999). Accumigatof Education in Modern Economic
Growth; Comparison of Japan with the United Sta#d3Bl Working Paper No. ,4Tokyo: Asian
Development Bank Institute; average years of séhgah the working age population for the U.S.

Finnish data in Figures 3.3 and 4.2.1
(own calculations, the sources below; Intangiblmbn capital by schooling, average years of
schooling in the working age population 16—64, stlemrolment rate at the ages 7-26):

Hjerppe, Riitta (1996)inland's Historical National Accounts 1860-1994al€ulation Methods
and Statistical TablesJniversity of Jyvaskyla, Department of History,dBuen historian julkaisuja
24. Jyvaskyla 1996, 177 pp.

Jalava, Jukka and Matti Pohjola (2007): “The ralslectricity and ICT in growth and
productivity: case Finland'Rellervo Economic Research Institute Working Pajpsrs 94 (April
2007); Physical capital

Kivinen, Osmo (1988)The systematisation of education: basic educatimhtae state school
doctrine in Finland in the 19th and 20th centuri@s,Finnish), Turun yliopisto, Turku

Klemela, Kirsi (1999)Ammattikunnista ammatillisiin oppilaitoksiin: amniigden koulutuksen
muotoutuminen Suomessa 1800-luvun alusta 1990kyvuwlrun yliopisto, Turku

Statistics FinlandQOfficial National Statistic§ONS):National Accountspublications: 1948-1965,
database 1975-200@ecember 20Q55tatistics on state’s financial accountSiatistical
yearbooksl879-2008, ONS oRducational Institutions 1971-200Ropulation StatisticsHavén
Heikki (ed.), Education in Finlan@NS 1998:1

Vattula, Kaarina (Ed.,1983puomen taloushistoria 3. Historiallinen tilas{e Finnish: Finland’s
economic history 3, Historical Statistics). Tamelsinki 1983
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