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The Relationships between Human Capital | nvestment
and Economic Growth: A Pand Error Correction Modé€

Ferda Yerdelen Tatoglu®

Abstract. In this paper, long and short term relationshipsvben human capital

investment and economic growth for individuals grabled cases in the OECD
countries, over the period between 1975 and 20@5e vexamined. Health care
expenditure is used as a proxy for the human dagifeer the application of the

panel unit root and panel cointegration tests, libg and short run income
elasticities of health care expenditures are es#idhasing the panel error correction
model. The results show that an increase in thdtthexpenditures/investments
causes an increase in the economic growths foheltountries in the short and long
runs.

JEL Classification Codes: 115, 015
Keywords: Health care expenditurepanel unit root; panel cointegration;
panel error correction model

1. Introduction

The insufficiency of the physical capital as an larption of economic
relationships has led to new pursuits recently; taiedhuman capital, which
has always been in the background for various readwas started to take its
well-deserved place. The problem of measuring thmén capital is an issue
that is frequently discussed in the macro and mecanomics. While some
numerical values were attempted to be assignedhtorhuman capital in
some of the researches conducted, in some worksevsw, instrumental
variables for the human capital were used. The reffsttive instrumental
variables for the human capital are the ones vhighgurpose of increasing
the life standards of the citizens; in other worttigy are the investments
made in humans, and therefore, generally relatedh¢o education and
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health! The educational expenses, average number of éolucagars, rate
of literacy, earnings as regards to educationsibe of the classes, and fees
of the teachers can be presented as the instrumestable examples
related to the education whereas health costs, oatieath, designated bed
capacity in the hospitals, the number of doctong, arivate health costs are
among the instrumental variable examples relatéubdth.

The relationship between the human capital and @oangrowth
has been discussed in the economic literature si9&®s, and has been
handled within the endogenous growth theories. Viees that one way of
increasing the growth is closely related to theaekivestments in the human
capital has been adopted (Lucas, 1988; Romer, 1998¢ recent
econometric studies on time series analysis, bothafsingle country and
many countries, by using a panel data analysise wenducted with the
purpose of discovering this relationship (see dsfigdor panel data case,
Gerdtham et al., 1992; Hitiris and Posnett, 199ans¢n and King, 1996;
Blomgvist and Carter, 1997; McCoskey and Selde®81%erdtham and
Lothgren, 2000, 2002; Jewell et al. 2003; Dregend &eimers, 2005;
Chakroun, 2009; Swift, 2010).

In this paper, the investment in citizens’ health used as an
indicator of human capital. The high human capitauntries have a
comparative advantage at fighting different diseaskug addict, fertility
etc. The health of individuals affects economicdmaivity and growth. If
the governments want to achieve economic growth hialth expenditures
should be thought of as an investment and notcasta

Numerous studies exist in the literature on deteimyi the
relationship between the health expenses and GDRjucted by using
various methods, for the OECD countries. Gerdthamal.e(1992), in their
study, analyzed 20 OECD countries for the timequtbetween 1960 and
1987; they regarded the expenditures as a fundfidhDP and some other
variables and classified the health expenditure=slth care services) as
luxury goods since they estimated the income elstas being more than
1. By using the same data, Hitiris and PosnetdZ)@dded the effect of the
countries to the regression model to control thebgervable effects and
calculated the elasticity being close to 1. Hanged King (1996), on the
other hand, conducted the ADF unit root and EnglanGer cointegration

! See Judson (2002) and Wiann (2003) for more detailed information.
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tests for the health expenditure and GDP variablesach country, by using
the same data set with Gerdtham et al. (1992),, @nd result, rejected the
viewpoint that there exists a cointegrated relabetween the two variables.
Blomgvist and Carter (1997), likewise, worked oe @4 OECD countries
for the period of 1960-1991; and rejected the egrdated relation based on
the Philips Peron t-statistics that they had usethéir studies. McCoskey
and Selden (1998) used the same data set with laendét al. (1992) and
rejected the null hypothesis that there exists ia naot in both GDP and
health expenditure series referring to the IPS fesaran and Shin, 2003)
test results. Gerdtham and Léthgren (2000, 2002gdethe stationarity for
both the pooled individual OECD countries by usihg panel method and
IPS test, respectively; conducted cointegrationstés determine if there
exists a long run relationship between the two aldés; and, as a
conclusion, identified a cointegrated relationshith a linear trend between
the variables. Dregen and Reimers (2005), similanty their studies
conducted for the time period between 1975 and 2@Xamined the
relationship between the health expenditures andP,GDy using
instrumental variables for non-income factors arethhology, and
concluded that health expenditures (services) aréurury goods. Jewell et
al. (2003) considered the factors of structuralakseand cross-section
dependence and stated that health expenditureSRRdwith the two breaks
were stationary. Chakroun (2009), then again, tated the income
elasticities of the 17 OECD countries for the tipexiod between 1975 and
2003, by using panel threshold regression moded. rEkults displayed that
the health expenditures were not luxurious but seary; and the
relationship between the health and income waslinear but changed
according to the time and country. Swift (2010) lpred the relationship
between the average life span with GDP and GDRcapita for 13 OECD
countries between the time periods of 1820-20011£&#21-2001. According
to the Johansen cointegration analysis results¥airicrease in the life span
for the long run would create an increase of 6 % @8 in the values for
GDP and GDP per capita, respectively.

As can be inferred from the abovementioned pardgrafpen the
studies, conducted with the purpose of determitiieglong run relationship
between health expenditures and income in the OE®©Dntries, are
examined by using various methods, no consensudbeasbserved in the
literature on whether the series included unit monot; whether a long run
relationship between the two variables existedaty and whether the health
care services fall into the category of luxury gead necessary goods. The
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purpose of this study, on the other hand, is tdridmrie to the literature by
examining the short run and long run relationshietween the health
expenditures and GDP by using panel cointegratioth @ror correction
model. The income elasticities will be estimatedd amhether health
expenditures/services fall into the category ofulyx or not will be
examined. With this purpose, the data of GDP peritgaand health
expenditures per person for 20 OECD countries, nggtgy to the time
period between 1975 and 2005, were used; and adealgpanel data set was
created. Unit root tests for both of the seriesew&st conducted; and it was
concluded that both of the series were | (1). Thramel cointegration tests
were conducted with the purpose of examining théstemce of a
cointegrated relationship between the two seried;the results proved that
there existed a long run relationship betweenlederies. Their long term
elasticities were estimated by using FMOLS (Fullpd¥fied OLS) (Philips
and Moon, 1999; Pedroni, 2000) and DOLS (DynamicSPD(Stock and
Watson, 1993) estimation methods. The panel emarection model was
later created; and short and long run coefficidmtween both of the
variables were obtained by PMGE (pooled mean gresgimation) and
MGE (mean group estimation) methods proposed by &hd Smith (1999)
and Pesaran and Smith (1995), respectively. Fam#tbod in this study, the
lag length was determined by using one of Akaikehv@&rz, or Hannan
Quin criteria. According to the results, the majodf the short run and long
run coefficients were found to be meaningful anditpee for all the panels
and countries.

The outline of the paper is as follows. In secti@) we discuss the
economic and econometric theory about this studysdction (3) several
empirical results are discussed. Finally, sectijrconcludes the paper.

2. Methods

In this paper, we consider the following modeldsttwhether or not health
care is a luxury good:

S =a+py tU+E i=1,..N  t=1,..,T
where S, : logarithm of health care expenditures aygd: logarithm of real

GDP in the T country at time ty; is individual effect, andt ¢ is the error
term. If the p coefficient, which represents income elasticity hafalth
spending, is greater than 1, health is a luxuryroodity.
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Before examining the long run relationship betw&&P and health
expenditures, the stationarities of the serieqther words if they contain
unit roots or not, should be checked. Numerous Ipami¢ root tests exist,
with various advantages over one another. The tsizosed by Breitung
(2000) and Im, Pesaran and Shin (2003) were us#dsrstudy. Hlouskova
and Wagner (2006) proved that Breitung (2000) pandltest was “better”
than the other tests especially for small sampldéh ¥he Monte Carlo
simulations they had conducted. Nonetheless, argkunrit root process is
used in the Breitung test; in other words, autasgive coefficient is
restricted to be same for all the individual unitsder the both null and
alternative hypotheses. On the other hand, in ashwith the Breitung test,
a root process specific for each individual unitig®d in the IPS test; thus,
an assumption that all the individual units coneeigwards the equilibrium
value with the same speed under the alternativethgges cannot be made,
and thus it is less restrictive. These two testeehaeen among the most
commonly used tests in the literature because ef ahovementioned
advantages.

Pedroni (1999), with the aim of investigating thaseence of the
cointegration relation among variables in the pateth, suggested seven
parametric and non-parametric Philips-Perron tygeep cointegration tests
that suggest “no cointegration” in its null hypattseand permit heterogenity
in the alternative hypothesis (four of them aregband three of them are
group test statistics). Pedroni (1999) presentdticalr values for the
conditions with and without intercepts and deteistia trends in his paper.
Kao (1999), on the other hand, suggested an ADEdopanel cointegration
test with a null hypothesis that similarly suggésts cointegration”.

If there exists a long run relationship between ghges, according to
the results of the panel cointegration tests, kg run relationship can be
estimated by using FMOLS or DOLS estimation meth&ddOLS estimator is
an OLS estimator that is corrected according to éndogenity and serial
correlation; and the parameters can be estimatesibg the equation below:

N T 1N T
“x _ ) —\2 I — *
Bo-p=| 203 (e -3) | R N (s -9 - 7 |
i=1 t=1 i=1 t=1
) (1)
wheref,; : standard panel OLS estimat®, on the other hand, displays
the individual specific means.
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Q,: long run variance of residual€)’: contemporaneous covariance, and

[

I';: weighted sum of the autocovariancé:'?. , on the other hand, is the

lower triangular decomposition &, g

The panel DOLS estimator, however, can be obtaitdthe help
of the regression below;

q
Ve =@ +S 8+ Y GAS, +
1==q
3)

FMOLS and DOLS estimation methods only estimateldimg run
parameters whereas PMGE and MGE estimation metkstiate both
short run and long run parameters. The MGE caleslaeneral long run
parameters by using the means of the long run pexmobtained from the
ARDL model used for the estimation of the individuaits. PMGE, on the
other hand, is located between the MGE method, wparmits the change
of intercept and slope parameters, and fixed effewddel that permits the
change of the intercept but not the change of ygesparameters for the
individual units. PMGE limits the change of the dorun coefficients across
the individual units but permits the short run diméfnts and the error
variances to change for the units. PMGE is basedhenAutoregressive
Distributed Lag (ARDL) model which is presenteddvel

p-1 q-1
Ve =D ALY +Y GAS, v +E
j=1 j=0
4)

This model can be re-written as below:
p-1 q-1
Ay, =@y, + B +Z4j Ay, +Z§Aitsj— T
j=1 j=0
%)

here,

! See Philips and Moon (1999) and Pedroni (2000juidher information.
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o fr$a)asSa i o a= e

m=j+1 m=j+1
(6)

If ¢ is meaningful and negative, then there exists ray loun
relationship betweengyand g. With the purpose of obtaining the PMGE
estimator, this equation can be estimated with riteximum likelihood
method. This regression can also be estimated Wititoefficients for the
individual units that are used for calculating tM&E estimator; and the
homogeneity of the slope coefficients can be tesyedising a Hausman
based test. Under the hypothesis ¢f<O0, there exists a long run
homogenous relationship betwegrapd g;

Yo =68+,

(7)
where@ =—(8B /¢ ) andn, is stationary. The long run coefficients do not
change across the individual units, they are fixed

3. Empirical Results

In this study, the data, belonging to the variald&dogarithm of health

expenditures and GDP per capita logarithm, for tihree period between

1975 and 2005, in the 20 OECD countries, were pnbthito create a
balanced panel data set. The first step, beforestigating the existence of a
cointegrated relationship between the health expmed and GDP, is to

investigate whether these variables contain aranit or not. When Table 1
is examined, it was observed that both variablesGaiP and health

expenditures were integrated order one (I(1)) atingrto the Breitung and
IPS tests. The country effect and trend were addedoth tests; and

Schwarz information criteria were used to deterntivgelag length.

2 See Shin and Smith (1999) and Pesaran and Sn@®5)1for more detailed
information.
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Table 1. Panel Unit Root Test Results

Panel Unit Root Test IPS Breitung
Yit Sit Yit Sit
Level 5.37009| -1.13468| -0.20273 1.67774
(1.0000)| (0.1283)| (0.4197) (0.8785)
. . . -6.23255| -9.93099 -5.10307
First difference 9.31263
(0.0000) (0.0000) | (0.0000) (0.0000)

* The values in the parenthesis are the probahilityes.

The cointegration test was conducted to deterniigelong term
relationship between GDP and health expenditurks.résults of the panel
cointegration tests, proposed by Pedroni (2000)kawl (1999), can be seen
in Table 2. The lag length was chosen by usingStlewarz Information
Criteria; and the country effect and trend was ddddhe test.

Table 2. Panel Cointegration Results

Panel | Pand Panel Group Group
v tho | PR PP ADF | rho |CTOUPPP| TADF
-0.283| 1.782 0.522 -3.375 | 2.755 1.223 -3.154
(0.383)] (0.081) | (0.348) | (0.001) | (0.009) | (1.888) | (0.003)

* The values in the parenthesis are the probahilityes.

The results in Table 2 display that four statistreveal panel
cointegration at 10 percent level or better: pa@F and group ADF tests
are statistically significant at 1 percent levelkowding support for
cointegrated relationship between the two seriég. flext step, however, is
to estimate this long run relationship between BBP and health
expenditures. FMOLS and DOLS estimation resultedusr estimating the
long run coefficients, and PMGE and MGE estimatresults, used for
estimating both the short and long run coefficieate summarized in Table
3. When the estimations are made, Akaike informatidteria were used for
choosing the lag length for every country; and NmaRaphson method was
used in the first and second derivative of thelikglihood function.
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Table 3. Panel Short and Long Run Coefficients

Hausma
AYit PMGE | MGE | DOLS | FMOLS n Test
Long Run 0.326 | 0.250 | 0.342 0.31 3.22

Coefficients (6) |(39.289) (5.840)| (13.68)| (-166.35)| (0.07)

Error Correction -0.104 | -0.019
Coefficients (¢ ) | (-4.699)| (-1.218)

Short Run Coefficients

0.034 | 0.038

* (B) | (4699 (4.215)
Ay 0.392 | 0.397
i1 (6.255) | (6.446)
Aves -0.015 | -0.015
5 (-1.000)| (-1.000)
AS 0.021 | 0.005
‘ (1.023)| (0.209)
rss -0.060 | -0.084
: (-2.780)| (-2.761)
rss -0.028 | -0.038
: (-2.065 | (-2.051)
- 0.349 | 0.538

(4.795) | (5.043)
* The values in the parenthesis are the t-stasistinly for Hausman Test,
the values in the parenthesis are the probabiityes.

** t table value at 5 percent significance leveliS6.

The findings of the Hausman Test (Pesaran, ShinSamith, 1999),
used in Table 3 for testing the hypothesis thatjlnm coefficients are the
same for all of the countries, display that thel hypothesis could not be
rejected. Thus, the PMGE estimator is valid; ineottvords, the long run
coefficients are homogenous and do not change @diogpto the country.
Therefore, the interpretations would be throughréeeilts of this estimation
method. According to the PMGE results, the erraremion coefficient is
meaningful and negative. This confirms the existerof a long term
relationship between GDP and health expendituraseber, the long run
coefficient is meaningful and positive. When thershrun coefficients are
examined, however, the one period lagged for tl@@mic growth, and the
one and two period lagged for the health experghtare meaningful. The
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long run income elasticity of health expenditure9i33. MGE, DOLS, and
FMOLS also presented similar results.

Table 4. Long Run Elasticitiesand Error Correction Coefficientsfor the
Individual Countries

Error Correction

Long Run Coefficients Coefficients

PM GE MGE | DOLS|FMOLS| PMGE MGE

0.326 0.348 | 0.333| 0.32 -0.214 -0.204

Australia | 40 75y | (0.666) | (14.48)| (-42.35)| (-1.926)| (-1.678)
Audria 0.326 | 0277 | 0.273| 028 | 0078 | -0.178
(40.75) | (10.65) | (12.41)| (-60.79)| (-1.205)| (-1.641)
Bagum | 0326 | 0070 [0310( 029 |7 0.048 | -0.023
(40.75) | (0.065) | (17.22)| (-51.93)| (0.664) | (-0.200)
Canada | 0326 | -0.265 [ 0337 028 | 0022 | -0015
(40.75) | (0.06) | (1.904)| (-25.44)| (0.223) | (-0.126)
Senmark | 0326 | 0369 | 0385| 036 | -0.153 | -0.223
(40.75) | (11.53) | (14.26)| (-31.87)| (-1.940)| (-2.139)
— 0326 | 0587 | 0439| 038 | -0.055 | 0.086
(40.75) | (1.906) | (20.91)| (-17.86)| (-0.581)| (0.725)
Gormany | 0-326 | 0013|0456 | 036 | 0194 | 0085
(40.75) | (0.029) | (9.120)| (-31.04)| (-3.252)| (-1.053)
cdland 0326 | 0255 | 0.292| 027 | 0092 | 0.226
(40.75) | (5.666) | (14.60)| (-33.54)| (-0.794)| (-1.354)
reland 0.326 | 0481 | 0.647| 060 | 0.017 0.033
(40.75) | (1.223) | (24.89)| (-9.870)| (0.616) | (0.407)
Japan 0.326 | 0186 | 0.354| 0.34 | -0.163 | -0.131
(40.75) | (1.631) | (2.810)| (-25.63)| (-2.953)| (-2.113)
Holland 0.326 | 0337 | 0.372| 0.34 | 0062 | -0.065

(40.75) | (4.955) | (14.88)| (-26.72)| (-1.095)| (-0.989)

New 0326 | 0258 | 0.199| 020 | -0.109 0.158
Zealand | (40.75) | (4.161) | (2.430)| (-25.32)| (-2.459)| (-2.047)
Norway 0326 | 0329 | 0.345| 033 | -0298 | -0.311

(40.75) | (25.31) | (20.29)| (-61.82)| (-2.459)| (-2.291)
0326 | 0314 | 0372| 032 | -0219 | -0.218
(40.75) | (14.95) | (11.63)| (-38.04)| (-3.243)| (-3.020)
Spain 0326 | 0331 | 0.351| 032 | -0.117 | -0.115

(40.75) | (10.34) | (13.50)| (-31.50)| (-2.543)| (-2.297)
0326 | 0378 | 0.377| 036 | -0.172 | -0.193

Portugal

Sweden (40.75) | (8.042) | (8.976)| (-24.74)| (-1.880) | (-1.983)
Switzerland 0.326 0.166 | 0.210 | 0.17 0.014 -0.532
(40.75) | (16.60) | (4.884)| (-89.12)| (0.362) (-3.235)
0.326 0.290 | 0.214| o0.21 -0.154 -0.197

Turkey

(40.75) | (3.718) | (7.925)| (-37.30)| (-2.335)| (-1.417)
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United 0.326 0.337 | 0.346 0.32 -0.153 -0.152
Kingdom (40.75) | (11.23) | (16.48)| (-36.14)| (-1.895) (-1.702)
United 0.326 -0.031 | 0.291 0.26 0.057 -0.075
Nations (40.75) | (-0.027) | (1.470)| (-42.88)| (0.626) (-0.750)

* The values in the parenthesis are the t-stasistinly for Hausman Test,
the values in the parenthesis are the probabiityes.
** t table value at 5 percent significance leveli96.

The results obtained for each country are presemtedable 4.
According to PMGE, the error correction coefficeris meaningful and
negative for Germany, Japan, New Zealand, NorwaytuBal, Spain and
Turkey; thus, a long term relationship exists bemvthe health expenditures
and economic growth in the aforementioned countAesording to PMGE,
all long run coefficients are positive and meanitigénd their value is the
same for all of the countries while the long tedasgcity is 0.33. When the
other estimation methods were used, the long ruefficeents of New
Zealand, Switzerland and Turkey were found to eetoin compared to the
other countries.

4. Conclusion

In this paper, long run and short run relationsthpsween the GDP per
capita and health expenditures per person, whighesents the human
capital, were examined for 20 OECD countries far time period of 1975-
2005. The stationarity of the GDP and health experes series were
examined, and then the existence of a cointegratationship between the
two series was analyzed. Having found that bothesewere I(1) and
cointegrated, short and long run elasticities wattempted to be obtained.
The results both for the whole panel and for eamimtry show that every
extra investment, both in short and long run, wonlctease growth. The
value of the long run elasticity for the OECD caied was 0.33%; health
care services were not luxury for these countries.

In conclusion, human capital, besides the physiegiital, would
contribute to the economic growth of the OECD caastincluded in the
analysis. Consequently, one of the ultimate aimthefcountries should be
to invest in the human capital (education and hgalh improve the life
standards of their citizens.
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