GETTING INCOME SHARES
RIGHT: A PANEL DATA
INVESTIGATION FOR OECD
COUNTRIES

Aamer S. Abu-Qarn and
Suleiman Abu-Bader

Discussion Paper No. 07-01

January 2007

Monaster Center for Economic Research
Ben-Gurion University of the Negev
P.O. Box 653
Beer Sheva, Isradl

Fax: 972-8-6472941
Tel: 972-8-6472286



Getting Income Shares Right:
A Panel Data Investigation for OECD Countries

Aamer S. Abu-Qarn and Suleiman Abu-Bader
Economics Department, Ben-Gurion University, Beee\&, Israel

Abstract

In this paper we reassess the conventional meastine capital share in income by
estimating the shares of inputs in income for 23COEountries for the period 1960-2003
utilizing panel data techniques. A share of phystepital of over 0.50, and not one-third as
commonly accepted, is found to be robust to a tysadespecifications of the production
function and the econometric models used. Additlgnae find that following the first oil
shock the share of physical capital dropped whiéeshare of human capital rose. Consequently,
using the conventional shares may have led to tataerg the severity of the post-1973

productivity slowdown.
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Introduction

The remarkable growth records of the East Asiamemies has provided fertile ground
for analyzing sources of growth and has fueleditk&ess debate of whether economic growth is
driven by accumulation of resources or productigéyns. Recent studies, notably Collins and
Bosworth (1996), Young (1995), and Krugman (19%f)jecture that the "Asian Miracle" was
driven mainly by capital accumulation rather tharthe adoption of new technologies and rising
total factor productivity, as commonly believed.

A pivotal issue in the ongoing debate is the valihe share of physical capital in
national income. Most of the studies applying gloatcounting have adopted a benchmark of
roughly one-third as has been drawn from the natiaocounts of various industrial countries
(Bernanke and Gurkaynak, 2001; Jorgenson and 0ip0Q;2Collins and Bosworth, 1996). This
conventional share is so deeply rooted that thinoek Solow growth model was deemed
inappropriate by Mankiw et al. (1992) since its liag capital share exceeded one-third.

The national accounts are the basis for the affestimates of the share of physical
capital as reported in the OECD Productivity Dasgba@ccording to these estimates, the
physical capital share during the period 1985-288&aged 0.24 and ranged between 0.16 in the
case of Ireland and 0.31 for Australia. Anotheadate that uses national accounts to calculate
the shares of inputs in national income for theojggan Union countries is the total economy
database of the Groningen Growth and Developmente€€GGDC). Generally speaking, their
estimates of the share of capital are higher thase obtained from the OECD productivity
database (see Figure 1). According to the GGD(bdatg the capital share of the OECD
members averages 0.31 and ranges between 0.23€peewl 0.36 (Ireland). Despite the fact

that both databases are based on national accanmhitover the same periods, their estimates



vary greatly. For example, while the OECD produtfidatabase estimates Ireland's share of
capital at 0.16, the GGDC database places it &t 0.3

While the above mentioned databases are in litfetive conventional wisdom, some
studies have shown that the share of physicaladpitncome is higher than the share that is
derived from the national accounts. In generaly 8teowed that the capital share for developing
countries is much higher than one-third (Senh@@@0, and Abu-Qarn and Abu-Bader, 2007).
Romer (1987) argued that due to positive exteiralih investment, the weight to be attached to
capital accumulation in the growth accounting eiseréor developed countries is likely to fall in
the range of 0.7-1.0 and that the share is expeatbd even larger for developing countries.
Lower estimates, though much higher than the camweal measure of the capital share, have
been reported by Senhadji (2000). By applying Filbdified OLS (FMOLS), he found an
average share of physical capital of 0.53 for OKGDntries. A completely opposing view is
expressed by Gollin (2002) who argued that adjgdtinincome of self-employed
entrepreneurs, results in a higher share of labditlaus a lower share of capital than the naive
method in which only the compensation for employiee®nsidered.

In this paper, using panel data techniques wenagti regional shares of inputs for 23
OECD countries instead of relying on the convergtiaares. To the best of our knowledge,
panel data technigues have not been used to estihetegional shares of inputs in national

income for OECD countriesA sample of OECD countries was chosen becauseotieentional

* Our sample does not include the recent expansib®ECD and Luxemburg due to lack of data. The core
members constitute a more homogenous sample thiletlisto share similar technologies and paransetéithe
production function.

2 Abu-Qarn and Abu-Bader (2007) apply panel dathriieies for the Middle East and North Africa regaomd find

that the physical capital share is higher than 0.4.



share of capital is drawn from their national actsuAdditionally, OECD countries are likely to
share similar technologies and parameters of theystion functior?. Thus, we examine the
appropriateness of the conventional share by estigha regional share that utilizes both the
time and space dimensions of the data. Unlike neanler studies, we explicitly include human
capital as an input in the production function eitas embodied in labor or as a stand-alone
input* Our measure of human capital, drawn mainly frorlli@and Bosworth (1996) and

Barro and Lee (2001), is the average years of dicigpadjusted to the return on schooling of
various education levels. The shares of inputaéome are estimated using various
specifications of the production function (with amdhout human capital, and with and without
the assumption of constant returns to scale). Usamgl data techniques allows us to address
country and time specific effects. Since endoggrditapital constitutes a major concern, we
perform Two-Stage OLS (2SLS) regressions to cofmgbossible endogeneity. Our regressions
are accompanied by tests of redundancy of the ffsitts, the Hausman test for the consistency
of random effects, and the Sargan test for theliglof the instrumental variables.

In order to conduct our analysis of the determisi@fh economic growth of OECD
countries, we construct a series of physical chgiteks using the perpetual inventory method
(PIM). We then estimate the OECD regional fact@reh in national income applying panel data
techniques. Finally using the growth accountingeise we attempt to identify the proximate
determinants of economic growth. We use our eséismat productivity to reexamine the

magnitude of the widely-documented post-1973 prodiiyg slowdown (see Baily, 1986 and

% See Bentolila and Saint-Paul (2003).

* Neither does the official OECD productivity databancorporate human capital explicitly in its céddions.



Jorgenson and Yip, 2001) and the rebound of the9®i&l (see Hansen, 2001 and Kahn and
Rich, 2004).

The rest of the paper is organized as followsti&e@ lays out the theoretical
foundations of the growth accounting exercise aufien 3 addresses the empirical
methodologies employed. Section 4 describes treeatat its resources. Our results are

presented in section 5 and the paper ends witmansuy and concluding remarks in section 6.

2. Theoretical Foundations

The purpose of the growth accounting exercisechvhias formally introduced by Solow
(1957), is to decompose the growth of aggregateudunito the contributions of factor
accumulation and productivity. This approach dagsassume a specific functional form of the
production function, but relies solely on the asptiom of competitive markets under which the
production factors are paid their marginal produgtsvidely used functional form of the

production function is that of Cobb-Douglas:

Y(©) = A®)- (K®) (L) (1)
whereY(t), K(t), andL(t) represent aggregate output, physical capital seul labor force,
respectively. The terrA(t), often referred to abotal Factor Productivity (TFP), is designated to
capture a host of factors that affect overall &ficy. These factors include, among others,
technology level, quality of labor (human capitaijality of management and governance,
strength of institutions, geography and climateperty rights, and cultural factors.

By taking logs on both sides of equation (1),afi#ntiating with respect to time, and
assuming that factors are paid their marginal pctxlwe can obtain the basic growth accounting

equation:
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where a dot on the top of a variable denotes tivale/e with respect to time, andand g are
the shares in total income of payments to capitdllabor, respectively.
Under the assumption of constant returns to SERS), we can express the growth of

per worker output as a function of the growth gita intensity:
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where lower case letters stand for the respectvevorker term. Equations (2) and (3) attribute
the growth rate of output or output per workertte bbservable factors of growth of capital and
labor and to the unobserval3a ow Residual which is the portion of output growth left
unaccounted for by the growth of inputs.

In the case of labor-augmenting human capitalpteuction function takes the

following form:

Y() = AQ)-(KO) (LOHOY (@)
whereH(t) is a measure of the human capital stock that isoeled in the labor force, and the
expressiorL(t)H(t) denotes a skill-adjusted measure of the labortiPpaoce again, the growth
accounting equation can be expressed in termgshwrdhe growth of output as in equation (5) or

in terms of the growth of output per worker (undenstant returns to scale) as in equation (6):

Y A K L H
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Another specification of the production functioorporates human capital as a stand-
alone input. Under this specification human cap#alot embodied in labor and thus the
elasticity of output with respect to human capiiffiers from that of labor. A Cobb-Douglas

production function that captures this assumptson i

Y(t) = AQ)-(K®) (L®) (H®) ()
The corresponding growth accounting equationgdpration (7) (with and without the

assumption of constant returns to scale) are:

Y A K L H
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The assumption of constant returns to scale iglywiaccepted and has been adopted also
by the official OECD productivity database. In study, we opt not to impose this restriction
but rather to test it.

In spite of its ease and readability, growth actimg does not explain how changes in
inputs and improvements in total factor producyivte related to economic policies, preferences
and technology. The method consistently decompibgegroximate sources of growth but fails
to address the fundamental causes of growth. Mereaithough the use of aggregate
production function is very common among growthrepuists, some still cast doubts on the
appropriateness of such a notfon.

3. Empirical Methodology

® Felipe and Fischer (2003) comprehensively outlireearguments against , while Mahadevan (2003)igesv

some justifications for the use of aggregate prédandunctions.



To perform the growth accounting exercise takesrse steps. First, we construct a
series of physical capital stock for all the coesédl countries based on accumulation of past
investments, net of depreciation. Second, we estith@ shares of production inputs in national
income utilizing panel data techniques (commonraaet, one and two-way fixed and random
effects, and 2SLS) under several specificatiorte@production function. Finally, we conclude
our analysis by decomposing the growth of outptat the contributions of inputs and TFP.

To construct the capital stock series we empleyRtM. A general PIM featuring a

geometric pattern of decay can be expressed as:

K =@-9'KO+Y1,,a-5) (10)

i=0

According to equation (10), the capital stock afiteequals the initial capital stock net of
depreciation (at an annual rate®fplus the sum of the stream of net investmentsrdier to
construct a capital stock series we need an e&iofathe initial capital stock(0); an estimate
of the depreciation rate of capital stocKsand a series of past investmemtsOnce we obtain
an estimate of the initial capital stock, we cae asariation of equation (10) to describe the
evolution of capital stock:

K,=I,+1-9)K, (11)
In equation (11), the capital stock in a certaiaryk;, equals the capital stock of the previous
year, K1, net of depreciation, plus the flow of gross irtwent in the current yeal,

Since the capital stock series is constructed fooumulation of investments, it is vital
to have a reliable estimate of the initial capstaick. Preferably, such an estimate should be

directly obtained from a benchmark study. Howeifeahis is not feasible, a rough estimate can



be used. The literature suggests several waysiergee an estimate of the initial capital stock.

By far, the most common method is due to Harbef@@r8) and is expressed formally as:

Kiy=7— (12)

whereg is the long-run growth rate proxied by the averageual growth rate of the real GDP.
Optimally, depreciation rates data is obtainednfgurveys on the industry level or from
the guidelines to tax schedules. For the aggreggigal stock a rate of 4-6% is usually assumed.

Obviously, these rates differ across time and space

3.1 Estimation of the Shares of Inputs

The shares of inputs in income play a major molthe debate of what drives economic
growth. Many methods for evaluating the sharespfiis in income have been proposed,
however, none has been found adequate. One wagdsure the shares of inputs in income is
using the national accounts to find the compensatidabor and capital out of the national
income. In this paper we question the appropriagié using national accounts due to serious
difficulties in allocating income of self-employedbrkers between the returns to capital and
labor.

A widely used method for gauging the shares inmmeas using a priori measures in the
order of 0.30-0.40 for the share of capital. Sogmemists who have broadened the definition
of capital to include human capital, externaliéesl R&D have taken even higher val(es.

Many economists have evaluated the shares of inprdagh direct estimation of a

Cobb-Douglas production function in a log-lineamfc’

® For example, Mankiw et al. (1992) used a sha@®&nd Barro et al. (1995) use an even highel(@&).



InY, =a+alnK, +BInL, +¢, a=InA (13)
This method is often associated with econometablems of simultaneity, multicollinearity,
and heteroskedasticity. Such violations of the mgdions of the ordinary least squares result in
dubious estimates. One variation of this methodliti@rporates the assumption of constant
returns to scale is to estimate the intensive fofithe production functiofi:

Ln(y,) = a+aln(k,) +&, (14)

We advocate applying the direct estimation of tradpction function to panel data. Such
a method is applicable when the countries consideinare some economic characteristics and
are likely to have similar production functionsigshe case for OECD countries. By combining
time series and cross-section data we utilizertfmation embodied in both dimensions.
Combining space and time dimensions provides uUs aviarger sample, thereby increasing
degrees of freedom and reducing co-linearity amexpdanatory variables. Furthermore, the
scope of issues that can be addressed using paaekdnuch broader. Additionally, it is
possible to account for country-specific factom®tigh the introduction of dummy variables for
each country or through the adoption of panel tthniques that allow for variations among
cross-section members (especially the fixed effeatisnique).

We consider several specifications of the productunction in order to estimate the
shares of inputs. The first is a production funttrath physical capital and labor as the only

inputs. In this case the estimated regression is:

" Another commonly used function is the CES. See\barid Papageorgiou (2000) for the merits of CES as
opposed to Cobb-Douglas.

8 Some researchers estimate the intensive formegbtbduction function in first difference to elimate possible
unit roots in levels. However, this approach doatscapture the valuable information embodied ireleyby

removing the low frequencies in the data and enipimasshort-term fluctuations.
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Ln(Y,))=a' +aln(K!)+ pALn(L)) +¢/; i=12,...,N (15)
wherei is a cross-section index. Alternatively, we catingste the intensive form of the
production function under the assumption of cortstaturns to scale:

Ln(y;)=a' +aLn(k))+ &, (16)

The second specification is to incorporate humanitalzas an input in the production
function. We distinguish between two cases: hunagital embodied in labor and human capital
as a stand-alone input. When human capital is eratiad labor, we consider two specifications;

one with and one without the assumption of constoirns to scale (equations 17 and 18):
Ln(Y,)=a' +aln(K,)+ ALn(LLH]) + & (17)

L; K = K (18)
LH LH

Ln(¥}) =a' +aln(k')+é; y =
where a ~ on top of a variable denotes that variabterms of per skill-adjusted units of labor.
Our last specification treats human capital dstnct input. In this specification, the

equations to be estimated are the unrestrictedtiegu@quation 19) and equation (20) in which
the production function is characterized by constaturns to scale:
Ln(Y,) =a' +aln(K}) + ALn(L}) + sLn(H,) + & (19)
Ln(y;) =a' +aLln(k})+n(h) + & (20)
For each of the above specifications we estintegtoduction function in four different
ways. First, we estimate the model under the assamghat all the 23 OECD countries in our
sample share the same intercef}tio equations (15)-(20). Second, we estimate thdehwith
cross-sectional fixed effects. Here, every courgigssumed to have a different intercept to

reflect country-specific characteristics that avastant over time. The fixed effects model is

estimated when there is reason to believe thatbbserved effec is correlated with the
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explanatory variables. Third, we estimate a two-Wesd effects model that incorporates both
cross-sectional and time fixed effects. Fourth estemate a model with random effects under the
assumption of a lack of correlation of the unobsde/ with eachk' in all time periods.

The choice between fixed and random effects is ig@eeby the results of the Hausman
test. This test assesses whether the unobsenemaff correlated with' or not. Additionally,
we address the likely endogeneity of the explayatariables by using the Two-Stage Least
Squares (2SLS) method where the instruments arsvthperiod lagged explanatory variables.
Last, the Sargan test for over-identifying resimics is used to assess the validity of the

instruments.

4. Data Sources

Our principal data source is the newly releasathR&orld Tables (PWT) version 6.2
that is available online from the Center for Insgranal Comparisons of Production, Income and
Prices at the University of Pennsylvania. The datgers the period 1950-2004 for 23 OECD
countries. Monetary values are expressed in 20@@national dollars. The period 1950-1959
was used only for estimating the initial capitalcit and constructing the capital stock series.
Data on labor force was generated from the PWTwoeker, per capita, and population series.
Human capital data is confined to education andiptbby the average years of schooling
adjusted to the return of the various educatiorllvOur main source of human capital data is
Collins and Bosworth (1996) which is supplementgdiata from Barro and Lee (2001). All
growth rates were calculated by regressing theraldtagarithm of the respective variable on a
constant and time trend. Doing so, we avoid relyindgew observations that are volatile and use
all the observations in the relevant period.

5. Results

12



The first step in the growth accounting exercis®isonstruct a series of physical capital
stock from investment flows using PIM. All our calations are based on a depreciation rate of
6% . We began with 4 and 5% rates but these ratesrgted no significant changes to our
estimates of inputs shares in income and<tlggowth rates. The average capital-output ratio
observed in the series is 2.48 which is in linehvpitevious studies of developed countries.

Tables 1-3 report the estimated shares of inputsiilonal income over the period 1960-
2003 under several specifications of the produdiimection. Table 1 presents our estimates
under the assumption of two production inputs: patsapital and labor with and without
assuming constant returns to scale. Under all stimation methods, the share of capital
exceeds 0.50. Since the Hausman test implieshbatriobserved effects are correlated with the
error term, the fixed effects model is preferreddBndancy tests of the fixed effects indicate
that including both cross-sectional and time-fiedigécts is justified. To address the likely
endogeneity oK andL, we use their two-period lags as instruments é28LS model. The
Sargan test for overidentifying restrictions vesfithe validity of our instruments. We find that
the shares of physical capital for the two-way direéfects OLS model and the two-way fixed
effects 2SLS model are identically 0.51, while shares of labor are 0.23 and 0.24, respectively.
Contrary to the majority of studies, we reject thhastant returns to scale hypothesis at the 1%
significance level. Estimating under the assumptib@RS yields a share of 0.53 for capital.
Thus, in the absence of human capital we prefergusie 2SLS model.

Incorporating human capital into the productiondtion is done either as embodied in
labor or as a stand-alone input. The results oégtienated shares in income when human capital
is embodied in labor are presented in Table 2. /&ingly, the share of physical capital is not

altered; it equals 0.51 in the 2SLS model and dh3Be two-way fixed effects OLS, whereas the
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share of skill-adjusted labor equals 0.22 in theQ8odel. We find no support for CRS since
the hypothesis of sum of the coefficientkodndHL equaling unity is rejected.

Including human capital as a stand-alone produdtotor does not lead to changes in
our estimate of the share of physical capital (&)l Once again, we get a share of 0.51.
However, we obtain a share of 0.27 for human chaitd 0.20 for labor. The hypothesis of CRS
cannot be rejected. This leads us to believe thragtant returns to scale holds true only when
one incorporates human capital as a stand-alortiption factor.

To sum up our estimations of the shares of inpugsfind that the value of the share of
physical capital is very robust to changes in fhec#ication of the production function. A share
of 0.51 is found in all our specifications. Ouriesttes far exceed the official OECD estimates,
the GGDC estimates, and the conventional sharelsethny researchers. However, our results
conform to Romer's (1987) and Senhadji's (200Q)lt®svho contended that the "true" share is
much higher than previously believed.

We also examined the effect of the first oil shookthe magnitude of the shares of
inputs? We split our sample into pre and post 1973 andineethat the share of physical capital
went down from 0.62 before 1973 to 0.46 after 1@hde the share of human capital increased
from 0.12 to 0.34° No significant change was observed in the shatebafr. These findings
imply that the oil shock led to structural changader which more investments were directed
towards accumulating human capital. Another fatttat can explain the fall of the share of

physical capital and the rise of the share of hunagital is the steady growth of the weight of

° Bentolila and Saint-Paul (2003) challenge theiz#d fact of constancy of the input shares in ine@nd provide
evidence for a strong relationship between therlahare and the capital-output ratio.

19 Results are drawn from the two-way fixed effe®.8 model with a stand-alone human capital.
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skilled-labor services in the total output. Thershaf services in GDP rose from 55% in 1973 to
72% in 2003, and the share of services in totalleynpent rose from 58% in 1980 to 70% in
2002

Once we estimated the shares of inputs in incompraeeed to conduct the growth
accounting exercise. The results for the decomipasitf output into the contributions of inputs
and TFP over the period 1960-2003 for several fipations of the production function are
presented in Tables 4-6. Table 4 reports the dmrttans of inputs and TFP under the
assumption of no human capital in the productiorcfion. Accumulation of physical capital is
found to be the dominant determinant of growth witile role of TFP in the performance of
most OECD countries is marginal. The contributibBP varies between countries and ranges
between 0.16% for Switzerland to 1.69% per annunirédand. On average, a mere 0.96% of
OECD annual growth of 3.29% is attributed to TFRIevhccumulation of physical capital
accounts for 2.01%.

Incorporating human capital in the production fumttieads to a lower contribution of
TFP for all countries, except for Australia. Outimsites of TFP growth for the two
specifications of human capital, both embodiedalyor (Table 5) and as a stand-alone factor
(Table 6), are practically identical. For the stahoihe specification we find that TFP grew on
average by 0.87% per annum which constitutes &bt of GDP growth of OECD members
while physical capital, labor, and human capitalcamted for 61%, 6%, and 26%, respectively.
Our estimates of TFP are, in general, lower thasetobtained by Jorgenson and Yip (2001) as
well as the official estimates appearing in the @FZoductivity database. When applying the

average physical capital shares calculated fron®BED productivity database (Figure 2) we

1 Based on the online database of World Developrmeli¢ators.
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find that our estimates of TFP growth over the gei960-2003 are lower for all countries with
the exceptions of Australia, Canada, and New ZelalMile we estimate the average annual
OECD TFP growth at 0.86%, using the shares fronOBED database results in an estimate of
1.32%. These results are expected in the lighh@stignificantly higher share of capital that
emerges from our estimations.

Now, we reexamine the well-documented slowdowhHR following the first major oil
shock in 1973 and the possible rebound in the &i?9Table 7 presents the average GDP and
TFP growth during the periods 1960-1973, 1973-1898, 1995-2003. The TFP figures are
based on our estimated shares, and on the remiréeds in the OECD productivity database
(OPD). Prior to 1973, OECD members experienced brglwth rates that ranged from 3% for
the UK case to 9.68% for Japan. Of the average’b @& ual growth in GDP, about 1% is
attributed to productivity gains when our shareswsed, while the contribution of TFP rises to
2.69% based on OPD. According to our calculatithms gains in productivity varied greatly and
ranged from -0.42% for UK to an impressive 1.65%QGanada. The slowdown in economic
activity after 1973 was experienced in all the daes in our sample, although to different
extents. On average, GDP growth dropped from 5.882043% and the variation between the
growth rates of the members declined greatly. Whhidedecline in GDP growth was across the
board, the decline in TFP was not shared by seuenfdhe 23 economies, based on our
estimates but was experienced by all the couritigssd on OPD. Overall, OECD experienced a
modest decline in productivity from 0.99% to 0.7 1%wever, when using OPD shares TFP

plummeted from 2.69% to 0.86%. The considerabliedihce between our estimates and the

12 Jimeno et al. (2006) find that, unlike for the Utor productivity and TFP for EU countries decaled since the

mid-90s.
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OPD-based of TFP, as illustrated in figures 3 anariginates from our previous findings in
which the post-1973 shares of capital were mucletdivan those before 1973. Earlier studies
that did not account for the decline in the shdnghysical capital and the rise of the share of
human capital are likely to have overestimatedddagine in TFP since it attached a higher
weight for physical capital in the post-1973 pertdd

Another issue that we reexamine is the rebounmtaductivity since the mid-90s. A look
at Table 7 and Figures 3 and 4 does not provideithsa clear conclusion regarding a possible
rebound of economic activity; seven of the 23 coasatcontinued to experience the post-1973
low GDP growth rates. The picture that emerges fimoking at our estimates of TFP after 1995
resembles mixed results, as well. Seven countnekiding the US, continued to suffer from
low productivity gains. Two countries, Japan andk&y, even recorded negative TFP growth of
-0.55% and -0.69%, respectively. An interestingliing is that contrary to what earlier studies
(Nordhaus, 2004) have argued, the US economy diéxperience a rise in TFP growth (0.75%
after 1995 compared with 0.93 before 1995), althatgyGDP grew at a faster pace. Despite the
fact that some of the European countries experceaadecline in TFP growth after 1995, our
study fails to identify the existence of a sigrait shift to lower productivity as asserted by
Jemino-Serrano et al. (2006). When consideringR® estimates of TFP after 1995, we find
that five members (Germany, Italy, Japan, Portugad, Turkey) experienced a decline in TFP
while the rest recorded higher productivity growhative to the pre-1995 period. Moreover,
although TFP growth increased from 1.07% to 1.34% e US, the magnitude of the change

does not justify labeling the post-1995 period aqueof rebound.

13 The contribution of human capital to growth is oriin all countries. Thus, taking a higher sharehyfsical

capital translates to lower TFP.
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The outstanding performance of several economiee $he mid-90s is worth
mentioning. In the lead was Ireland who experieneadarkable growth that was coupled with a
sharp rise in overall productivity. Ireland's ecomnyogrew since 1995 at a rate of 8.28% while
gains in productivity contributed 4.48% per ann@ther fast growing economies include
Finland, Greece, Sweden, and Iceland.

5. Summary and Concluding Remarks

In this paper we reassess the conventional meastine physical capital share in
income. Instead of using an arbitrary share oftbivd or relying on national accounts, we
employ panel data techniques to estimate the sbéareputs in national income for 23 OECD
countries over the period 1960-2003. Several sigatibns of the production function and the
econometric settings were considered. In almosifailir specifications we found a share of
physical capital that exceeds 0.50 which is highan the national accounts-based estimates.
Moreover, we found that following the first majat shock in 1973, the share of physical capital
dropped from about 0.62 to 0.46 while the shareunhan capital increased from 0.12 to 0.34.
These developments may reflect a movement away [toysical capital-intensive goods
towards human capital-intensive services.

The higher shares of physical capital were genefallnd to result in lower estimates of
TFP growth than is reported in the OECD produgtidiatabase. Of the average growth of
OECD members during the period 1960-2003 of 3.29% calculations indicate a TFP growth
of 0.87% while OPD estimates puts it at 1.32%. Addally, we used our estimates of the
shares to reexamine the magnitude of the prodtgeslowdown following the oil crisis of 1973.
The slowdown is evident in GDP growth which dropfredn an annual average of 5.88% prior

to 1973 to 2.43% during 1973-1995. Our results alsmw that the decline in TFP was lower
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than what previous studies have reported. Accorttiraur estimates, TFP growth dropped from
an annual average of 0.99% prior to the oil ctigi6.71% after it. Our evidence regarding the
apparent rebound in productivity since the mid-80wixed. Interestingly, we do not find
support for a sharp rise in productivity for the.US

In general, we showed that using the conventidmalesof capital in the case of OECD
countries leads to an understatement of the cartimito of accumulating resources alongside an
overstatement of the contribution of productivithus, using the conventional share may distort
our understanding of the proximate determinanecohomic growth, and consequently, mislead
policymakers in their quest for sustained growth.a&emedy, we propose utilizing the available
data and advanced panel data techniques to estingasdares of inputs in income for relatively
homogenous groups of countries such as OECD. Ifuthee as longer samples become
available, the use of time series techniques imast country-specific production functions

could prove fruitful.
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Table 1 — Shares of Inputs (Without Human Capital),1960-2003

Method

Pooling

One-way

fixed effects
Two-way

fixed effects
Random effects

2SLS (two-way
fixed effects)

Pooling

One-way

fixed effects
Two-way

fixed effects
Random effects

2SLS (two-way
fixed effects)

Notes:

& Tests the hypothesis that the estimated fixed &ffe@ jointly significant using F test statistics.

ﬁZ

Redundancy Hausman

Test

Production Function: Y = AK “L*

0.99

0.99

0.99

0.97

0.99

78.07
(0.00)
43.33
(0.00)

Production Function: y= Ak“

Elasticity of
K L

0.64 0.38
(0.00) (0.00)
0.67 0.41
(0.00) (0.00)
0.51 0.23
(0.00) (0.00)
0.68 0.36
(0.00) (0.00)
0.51 0.24
(0.00) (0.00)
0.64 0.36
(0.00)

0.70 0.30
(0.00)

0.54 0.46
(0.00)

0.70 0.30
(0.00)

0.53 0.47
(0.00)

0.92

0.97

0.98

0.91

0.98

86.17
(0.00)
42.64
(0.00)

Tesf

9.83
(0.01)

5.34
(0.02)

Sargan
Test

62.8
(0.00)

13.9
(0.00)

P Tests the hypothesis that the random effects arelated with the explanatory variables. The dtatis
distributedggz(m) wherem s the number of explanatory variables.

¢ Tests the hypothesis that the instrumental varsadte uncorrelated with the residuals. The statisti
distributed 2 (m—-r) wheremr is the number of instruments minus thenber of endogenous variables.
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Table 2 — Shares of Inputs (With Human Capital), 1860-2003

Method

Pooling

One-way

fixed effects
Two-way

fixed effects
Random effects

2SLS (two-way
fixed effects)

Pooling

One-way

fixed effects
Two-way

fixed effects
Random effects

2SLS (two-way
fixed effects)

Notes:

& Tests the hypothesis that the estimated fixed &ffe@ jointly significant using F test statistics.

Production Function: Y = AK“(LH)”

ﬁZ

0.99
0.99
0.99
0.98

0.99

Redundancy Hausman

Test

80.93
(0.00)
42.38
(0.00)

Production Function: y = AK

Elasticity of

K LH
0.57 0.45
(0.00) (0.00)
0.63 0.37
(0.00) (0.00)
0.52 0.23
(0.00) (0.00)
0.63 0.39
(0.00) (0.00)
0.51 0.22
(0.00) (0.00)
0.57 0.43
(0.00)
0.64 0.36
(0.00)
0.57 0.43
(0.00)
0.63 0.37
(0.00)
0.56 0.44
(0.00)

0.90

0.97

0.97

0.91

0.97

89.68

(0.00)
39.52

(0.00)

Tesf

5.38
(0.07)

6.10
(0.01)

Sargan
Tesft

10.90
(0.00)

15.60
(0.00)

P Tests the hypothesis that the random effects arelated with the explanatory variables. The dtatis
distributed ?(m) wherem s the number of explanatory variables.

¢ Tests the hypothesis that the instrumental varsadte uncorrelated with the residuals. The statisti
distributed 72 (m—r) wheremr is the number of instruments minus thember of endogenous variables.
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Table 3 — Shares of Inputs (With Human Capital), 1860-2003

Method Elasticity of R? Redundancy Hausman Sargan
K L H Test Test’ Tesf
Production Function: Y = AK“L#H”
Pooling 0.57 0.45 0.48 0.99
(0.00) (0.00) (0.00)
One-way 0.63 0.31 0.56 0.99 82.29
fixed effects (0.00) (0.00) (0.00) (0.00)
Two-way 0.52 0.21 0.29 0.99 42.36
fixed effects (0.00) (0.00) (0.00) (0.00)
Random effects 0.62 0.38 0.46 0.98 13.95
(0.00) (0.00) (0.00) (0.00)
2SLS (two-way  0.51 0.20 0.27 0.99 41.38
fixed effects) (0.00) (0.00) (0.00) (0.00)
Production Function: y = Ak“h”
Pooling 0.64 0.38 -0.02 0.93
(0.00) (0.00)
One-way 0.69 0.32 -0.01 0.98 88.57
fixed effects (0.00) (0.77) (0.00)
Two-way 0.52 0.21 0.27 0.98 51.95
fixed effects (0.00) (0.00) (0.00)
Random effects 0.69 0.33 -0.02 0.93 4.45
(0.00) (0.07) (0.10)
2SLS (two-way  0.51 0.20 0.29 0.98 35.66
fixed effects) (0.00) (0.00) (0.00)
Notes:

& Tests the hypothesis that the estimated fixed &ffe@ jointly significant using F test statistics.
P Tests the hypothesis that the random effects arelated with the explanatory variables. The dtiatis

distributed  2(m) wheremis the number of explanatory variables.
€ Tests the hypothesis that the instrumental varsadte uncorrelated with the residuals. The statisti
distributed 72 (m—r) wheremr is the number of instruments minus thember of endogenous variables.



Table 4 — Sources of Growth — Without Human Capith 1960-2003

Country Growth of Contribution of (%)

GDP (%) K L TFP
Australia 3.50 1.86 0.49 1.15
Austria 3.01 2.04 0.10 0.88
Belgium 2.74 1.58 0.11 1.05
Canada 3.35 2.01 0.54 0.80
Denmark 2.16 1.40 0.20 0.56
Finland 2.74 1.56 0.15 1.03
France 2.95 1.97 0.17 0.80
Germany 2.10 0.66 0.10 1.33
Greece 3.05 2.00 0.23 0.81
Iceland 3.69 1.97 0.49 1.23
Ireland 4.25 2.33 0.23 1.69
Italy 2.87 1.60 0.14 1.14
Japan 4.33 3.43 0.24 0.66
Netherlands 2.74 1.42 0.36 0.96
New Zealand 2.19 1.26 0.45 0.48
Norway 3.52 1.54 0.30 1.68
Portugal 3.89 2.58 0.29 1.01
Spain 3.46 241 0.26 0.79
Sweden 2.10 1.17 0.23 0.70
Switzerland 1.92 1.52 0.24 0.16
Turkey 4.36 3.34 0.49 0.52
United Kingdom 2.36 1.58 0.12 0.66
United States 3.25 1.89 0.39 0.97
OECD 3.29 2.01 0.32 0.96

Notes:
Contributions are based on the estimated shar@s&df for physical capital and 0.24 for labor.



Table 5 — Sources of Growth — Human Capital Emboed in Labor, 1960-2003

Country Growth of Contribution of (%)
GDP (%) K L H TFP

Australia 3.50 1.86 0.45 0.05 1.13
Austria 3.01 2.04 0.09 0.04 0.85
Belgium 2.74 1.58 0.10 0.07 0.99
Canada 3.35 2.01 0.49 0.11 0.73
Denmark 2.16 1.40 0.18 0.03 0.54
Finland 2.74 1.56 0.14 0.20 0.84
France 2.95 1.97 0.16 0.10 0.72
Germany 2.10 0.66 0.10 0.07 1.27
Greece 3.05 2.00 0.21 0.17 0.67
Iceland 3.69 1.97 0.45 0.12 1.16
Ireland 4.25 2.33 0.21 0.13 1.58
Italy 2.87 1.60 0.13 0.09 1.06
Japan 4.33 3.43 0.22 0.09 0.60
Netherlands 2.74 1.42 0.33 0.15 0.84
New Zealand 2.19 1.26 0.41 0.10 0.41
Norway 3.52 1.54 0.28 0.22 1.49
Portugal 3.89 2.58 0.27 0.17 0.86
Spain 3.46 2.41 0.24 0.16 0.66
Sweden 2.10 1.17 0.21 0.12 0.60
Switzerland 1.92 1.52 0.22 0.11 0.07
Turkey 4.36 3.34 0.45 0.16 0.40
United Kingdom 2.36 1.58 0.11 0.09 0.58
United States 3.25 1.89 0.36 0.14 0.86
OECD 3.29 2.01 0.30 0.12 0.87

Notes:
Contributions are based on the estimated shar@s&df for physical capital and 0.22 for labor andnan
capital.



Table 6 — Sources of Growth — Stand-alone Human @daal, 1960-2003

Country Growth of Contribution of (%)
GDP (%) K L H TFP

Australia 3.50 1.86 0.41 0.07 1.16
Austria 3.01 2.04 0.08 0.05 0.85
Belgium 2.74 1.58 0.10 0.09 0.97
Canada 3.35 2.01 0.45 0.15 0.74
Denmark 2.16 1.40 0.17 0.04 0.55
Finland 2.74 1.56 0.12 0.26 0.79
France 2.95 1.97 0.14 0.13 0.70
Germany 2.10 0.66 0.09 0.10 1.25
Greece 3.05 2.00 0.19 0.22 0.63
Iceland 3.69 1.97 0.41 0.15 1.16
Ireland 4.25 2.33 0.19 0.17 1.56
Italy 2.87 1.60 0.12 0.12 1.04
Japan 4.33 3.43 0.20 0.11 0.59
Netherlands 2.74 1.42 0.30 0.20 0.82
New Zealand 2.19 1.26 0.38 0.14 0.42
Norway 3.52 1.54 0.25 0.29 1.44
Portugal 3.89 2.58 0.24 0.23 0.83
Spain 3.46 241 0.22 0.21 0.63
Sweden 2.10 1.17 0.19 0.15 0.58
Switzerland 1.92 1.52 0.20 0.14 0.06
Turkey 4.36 3.34 0.41 0.21 0.39
United Kingdom 2.36 1.58 0.10 0.12 0.56
United States 3.25 1.89 0.33 0.19 0.84
OECD 3.29 2.01 0.27 0.15 0.86

Notes:
Contributions are based on the estimated shar@s&df for physical capital, 0.20 for labor and 0f@®
human capital.



Table 7 — GDP and TFP Growth (%)

Period 60-73 73-95 95-03
Country GDP TFP GDP TFP GDP TFP

Growth Growth Growth Growth Growth Growth

Ours OPD* Ours OPD* Ours OPD*

Australia 5.21 1.33 1.74 3.06 1.16 0.65 3.75 1.36 1.45
Austria 4.83 0.88 3.84 2.41 0.77 1.29 2.27 0.93 1.69
Belgium 4.75 1.46 3.24 2.06 0.77 1.19 2.27 0.81 1.36
Canada 4.98 1.65 1.70 2.69 0.39 0.22 3.87 1.80 2.14
Denmark 4.14 0.15 1.53 1.60 0.65 0.64 2.14 057 1.32
Finland 4.44 0.81 2.46 1.91 0.26 0.81 3.81 3.03 351
France 5.39 0.84 3.07 2.31 0.67 1.18 2.64 111  1.62
Germany 3.76 1.50 2.36 2.16 1.38 1.46 1.54 0.88 1.27
Greece 7.61 1.02 4.99 1.37 0.09 0.05 3.75 205 2.38
Iceland 5.09 0.67 1.70 2.89 0.96 0.70 3.89 1.84 2.07
Ireland 4.38 0.69 3.25 3.07 1.09 1.87 8.28 448 5.25
Italy 5.05 1.37 3.47 2.35 092 121 1.71 0.61 1.08
Japan 9.68 0.94 4093 3.49 0.85 1.48 0.61 -0.55 -0.13
Netherlands 4.95 0.84 2.43 1.98 0.70 0.25 2.72 1.37 1.79
New Zealand  3.47 0.84 0.95 1.47 0.20 -0.40 3.12 1.35 1.49
Norway 4.25 1.32 2.15 3.01 1.25 1.56 2.79 1.38 1.59
Portugal 6.50 1.46 4.81 3.15 0.74 1.40 2.79 0.17 131
Spain 6.87 0.86 4.01 2.36 0.40 0.68 3.86 151 1.94
Sweden 3.70 049 153 1.60 0.49 0.48 2.84 1.88 2.20
Switzerland 4.23 0.07 1.73 1.69 0.26 0.21 1.55 0.65 0.87
Turkey 5.55 0.58 2.65 4.08 0.84 1.05 2.15 -0.69 -0.82
UK 3.00 -0.42 1.36 2.12 0.79 1.16 2.97 1.09 1.84
USA 4.32 1.36 2.11 3.01 0.93 1.07 3.25 0.75 1.34
OECD 588 099 269 243 0.71 086 2.98 1.23 1.65
Notes:

* Based onOECD Productivity Database average shares.
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Figure 1 — Official Average Capital Share (1985-2() for OECD Countries
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Figure 2 — TFP Growth (%), 1960-2003
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Figure 3 — TFP Growth (%), Our Estimates, Various Reriods
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Figure 4 — TFP Growth (%), OECD Productivity Database, Various Periods
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