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Abstract

This paper examines stationarity and cointegration of health expenditure and GDP, for a
sample of 21 OECD countries using data for the period 1960–1997, by applying a test
battery that allows robust inference to be made on the stationarity and cointegration issue.
Trend stationarity and no-cointegration are tested using new country-by-country and panel
tests, not previously applied in this setting. New results for country-by-country and panel
tests of non-stationarity and cointegration are presented. Our unit root and trend stationarity
results indicate that both health expenditure and GDP are non-stationary. The no-cointegra-
tion and cointegration results indicate that health expenditure and GDP are cointegrated.
q 2000 Elsevier Science B.V. All rights reserved.

JEL classification: C12; C22; C23; I10
Keywords: Cointegration; Health expenditure; Heterogeneous dynamic panels; OECD; Panel test

1. Introduction

‘‘What determines the quantity of resources a country devotes to medical
Ž .care?’’, Professor Newhouse asked some 20 years ago Newhouse, 1977, p. 115 .

Ž .The country’s per capita GDP GDP and apparently little else, he inferred from a
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Ž .linear cross-section regression of health expenditure per capita HE on GDP in 13
OECD countries. The regression accounted for 92% of the sample variation in HE,
and showed that the fraction of expenditure devoted to health care of total GDP
increases with GDP. In an Engel curve context, this implies that health care is a
‘‘luxury’’ good, and Newhouse concluded that at the margin health expenditure
buys ‘‘care’’ rather than ‘‘cure’’.

Ž . Ž .In more recent studies analysts, e.g., Gerdtham 1992 , Gerdtham et al. 1998 ,
Ž . Ž . Ž .Hitiris and Posnett 1992 , Viscusi 1994 , Blomqvist and Carter 1997 , have

used panel data. Although panel data have several advantages over cross-section
data, these data analyses involve special problems. A particular concern arises
from presence of trending variables in the regressions, such as HE and GDP.

Four recent articles have focused on stationarity and cointegration of HE and
Ž . Ž . ŽGDP and reached different conclusions: 1 Hansen and King 1996 henceforth

.HK performed country-by-country unit root tests and cointegration tests and
Ž .could generally not reject the unit root hypothesis for either HE or GDP. Nor

Ž .could they generally reject the hypothesis of no-cointegration among HE, GDP
and a range of other variables. HK consequently suggested that panel data

Ž .estimations of the GDPrHE relationship may be spurious; 2 Blomqvist and
Ž . Ž .Carter 1997 henceforth BC performed country-by-country and panel unit root

tests and country by country cointegration tests and reached the same results as
HK concerning the unit root hypothesis but rejected the no-cointegration hypothe-

Ž . Ž .sis; 3 Roberts 1998 performed country-by-country and panel unit root tests and
Ž .found clear evidence of non-stationarity unit roots in the series. Furthermore,

based on country-by-country cointegration tests Roberts found no conclusive
Ž .evidence regarding the existence of cointegration between HE and GDP; and 4

Ž .In opposite to HK, BC and Roberts, McCoskey and Selden 1998 , henceforth
.MS rejected the null hypothesis of unit roots for both HE and GDP and suggested

‘‘that researchers studying national health care expenditure need not be as
concerned as previously thought about the presence of unit roots in the data’’,
Ž . 1MS, p. 375 . These studies are all based on almost the same data but still the
reported results differ almost completely.

MS declared that it is not surprising that HK could not reject the unit root
hypothesis since HK rely on low-powered country-by-country unit root tests
Ž Ž . .augmented Dickey–Fuller ADF tests . To reduce this problem, MS employed

Ž .the recently developed panel unit root test by Im et al. 1997 . However, the main
reason for the differing results between HK and MS are due to the fact that MS

Žbase their test on ADF regressions without time trends whereas HK and the other
.studies have included time trends. MS excluded the time trends by the argument

that ‘‘Given sufficient data, it is certainly preferable to use the more general
formulation . . . Put more plainly, the inclusion of a time trend can cause a large

1 Ž .Roberts 1998 , however, focuses her analysis on a smaller subsample of ten EC countries.
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Ž .loss of power with little improvement in fit.’’ pp. 372–373 . In their comment,
Ž .Hansen and King 1998 argued that the omitted time trends raise doubts on the

validity of the results by MS, since both HE and GDP are clearly trended. On the
other hand one may note that severe multicollinearity can appear in the ADF
regressions if time trends are included in such short series as those used by HK,
BC, Roberts and MS. MS recognized this problem but their untrended results are
not wholly satisfying since they may be based on misspecification of the ADF
regressions.

Furthermore, also the cointegration results differ between HK, BC and Roberts.
One possible explanation to the differing results is that different methods for
estimation of cointegrating relationships were used. For example, HK and Roberts
tested the null hypothesis of ‘‘no-cointegration’’ on static models while BC tested
the same hypothesis on dynamic models.

This paper contribute to this literature by using some new country-by-country
and panel data stationarity and cointegration tests. Using updated data for 21
OECD countries for the years 1960–1997, we present country-by-country unit root

Ž .tests for HE and GDP based on the augmented Dickey–Fuller ADF tests and
Ž .panel unit root tests based on the Im et al. 1997 test of non-stationarity. We also

present country-by-country and panel stationarity tests based on the test proposed
Ž .by Kwiatkowski et al. 1992 , not previously applied in this setting. Rather than to

test the null of a unit root as in the ADF tests, the latter test the null of trend
stationarity which may be one way to alleviate the possible multicollinearity
problem as mentioned above. Based on the results, which conclusively fail to
reject the unit root hypothesis and reject the trend stationary no-unit root hypothe-
sis for the two series, we continue the analysis and perform several cointegration
tests. Specifically, we report both country-by-country and a panel tests of the null
hypothesis of no-cointegration based on estimation of country-specific error-cor-
rection models as well as tests of the null of cointegration based on the test

Ž .suggested by Shin 1994 .
The rest of the paper is organized as follows: Sections 2 and 3 describes the

country-by-country and panel unit root, stationarity and cointegration tests. Section
4 presents the OECD data and the test results. Section 5 summarizes and
concludes the paper.

2. Unit root and stationarity tests

2.1. Test of null of unit root

The standard approach to test for non-stationarity of each observed time-series
y observed over T time periods in a panel of is1, . . . , N, countries or groups isi t



( )U.-G. Gerdtham, M. LothgrenrJournal of Health Economics 19 2000 461–475¨464

Ž . Žto estimate an augmented Dickey–Fuller ADF regression here including a time
.trend :

pi

D y sa qd tqb y q r D y q´ , is1, . . . , N ; ts1, . . . ,T ,Ýi t i i i ty1 i j i , tyj i t
js1

2.1Ž .

where D y sy yy . The number of included lags p should be large enoughi t i t i ,ty1

to make the residuals serially uncorrelated. The null hypothesis H : b s0, that0 i
Ž .the data generating process DGP for the series for panel group i can be

Ž .characterized as a difference stationary I 1 process, are tested against the trend
Žstationary alternative H : b -0 based on the t-statistic of the b estimate see,1 i i

e.g., Campbell and Perron, 1991 and Hamilton, 1994 for thorough treatments of
. 2the univariate unit root tests .

Ž . Ž .Im et al. 1997 IPS proposed an approach to perform unit root tests for panel
data based on the average of the N country-specific ADF t-statistics as:

N1
t s t p , 2.2Ž . Ž .ÝN T iT iN is1

Ž .where t p is the ADF t-statistic for country i based on the inclusion of p lagsiT i i
Ž .in the country-specific ADF regression 2.1 .

The null hypothesis for the panel unit root test is given by

H : b s0 for all i ,0 i

specifying that all series in the panel have a unit root. This hypothesis is tested
against the stationary alternative

H : b -0,is1,2, . . . , N ,b s0,isN q1, N q2, . . . , N ,1 i 1 i 1 1

where b is allowed to differ between groups and that only a fraction N rN of thei 1

series are stationary. If the null hypothesis cannot be rejected it is concluded that
the panel data series are difference stationary around linear trends. 3

2 Ž . Ž .An alternative test approach was suggested by Phillips 1987 , Phillips and Perron 1989 , and
Ž .Perron 1988 . One argument for the use of the ADF tests is that several Monte Carlo simulation

studies have found that the Phillips and Perron tests do not always have the correct size, even in fairly
Ž .large samples, whereas the ADF tests in general are more robust Banerjee et al., 1993 .

3 Ž .IPS show that the proposed panel test specified below is consistent under the alternative
hypothesis that the stationary fraction of the processes is non-zero. That is, as T and N™`, the test is
consistent as long as lim N rNsd , with 0-d F1.N™` 1
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IPS propose to use the following standardized t-bar statistic:

'Z s N t yE t r Var t , 2.3( Ž .Ž . Ž .Ž .t N T N T N T

NŽ . Ž . Ž Ž . < . Ž . Ž .where E t s 1rN Ý E t p b s 0 , and Var t s 1rNN T is 1 iT i i N T
N Ž Ž . < . Ž . ŽÝ Var t p b s0 , assuming the country-specific ADF tests t p esti-is1 iT i i iT i

. 4mated with p lagged differences are independent.i

IPS conjectured that the standardized Z statistic converge weakly to a standardt

normal distribution allowing the panel data unit root test to be conducted by
Ž .comparing the obtained Z statistic to critical values from a N 0,1 distribution.t

2.2. Test of null of stationarity

Ž . Ž .Kwiatkowski et al. 1992 henceforth KPSS , suggested an alternative station-
Ž .arity test which has a null hypothesis of trend stationarity and an alternative of

difference stationarity. This test is based on the decomposition of the series under
consideration into the sum of a deterministic trend, a random walk and a stationary
error component as:

y sd tqr q´ , 2.4Ž .t t t

where r is a random walk:t

r sr qu , 2.5Ž .t ty1 t

Ž 2 .and u are iid 0,s . The initial value r is treated as fixed and serves the role oft u 0

an intercept in the model.
The KPSS test is a one-sided LM-test for the stationarity hypothesis H :0

s 2 s0, that the unit root process is fixed at the initial value r and hence that yu 0 t

is trend stationary. Let, for country i, ´ be the residuals from a simple regressionˆi t

of y on an intercept and a time trend. The LM statistic for each individual seriesi t

is defined as:

1
T 2Ý Sts1 i t2T

h s , 2.6Ž .i 2s lŽ .i

t 2Ž .where S sÝ ´ is a partial sum process of the residuals from and s l is theˆi t js1 i j i
Ž .consistent Newey and West 1987 estimate of the long-run variance of the

2 y1 Ž 2 . 5disturbance terms ´ defined as: s s lim T E S .i t i T™` iT

4 Ž Ž . < . Ž Ž . < .The means E t p b s0 and variances Var t p b s0 of the ADF t-statistics can beiT i i iT i i

obtained from Monte Carlo simulations.
5 w Ž .1r4 xWe follow KPSS and set the lag truncation parameter ls integer 4 Tr100 in the Bartlett

window to avoid the size distortions found by KPSS for small samples.
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A panel LM test-statistic for stationarity can be defined as the simple average
NŽ .of the individual LM-statistics in the panel as hs 1rN Ý h . Following Hadriis1 i

Ž . 61998 , the standardized panel LM test is asymptotically normally distributed as:

'Z s N hym rs ´N 0,1 . 2.7Ž . Ž .Ž .h Õ Õ

3. Cointegration tests

Below we discuss country-by-country and panel tests of both the null hypothe-
sis of no-cointegration as well as cointegration. By applying both types of tests,
we can obtain more robust results regarding the existence of long-run cointegra-
tion relationships between the variables in the data.

3.1. Test of null of no-cointegration

To test the null hypothesis of no-cointegration the following general error
Ž .correction model ECM is estimated:

ll D yD x

D y sa qd z q b D x q g D y qÕ , 3.1Ž .Ý Ýi t i i i , ty1 i j i , tyj i j i , tyj i t
js0 js1

where l and l denote the number of included lagged differenced regressorsD x D y

and dependent variables, respectively. The test of no-cointegration is a test of the
null hypothesis H : d s0, that the error-correction adjustment coefficient is zero.0 i

The error correction term z can be specified as a lagged homogeneousi, ty1
Ž .error-correction term y yx , which implies that the long-run relationshipi, ty1 i, ty1

is restricted to be homogeneous. However, this restriction can be relaxed by
Ž .adding a lagged term of the regressor to the ECM regression 3.1 , as discussed by

Ž .Banerjee et al. 1993 .
Under the null H : d s0, there is no error-correction mechanism in the DGP0 i

that allows long-run disequilibrium to affect the short-run dynamics of the series.
Furthermore, the ECM regression is spurious due to the presence of the non-sta-
tionary error-correction term z in the model. Hence, the distribution of thety1

ˆ ˆŽ .t-ratio of the adjustment coefficient, t sd rse d , is non-standard and the testd i ii

should not be based on standard Gaussian quantiles since this will distort the size
Ž . 7,8of the test Kremers et al., 1992 .

6 w 2 x 2 w 2 xm s E HV and s sVar HV , with V given by a model-specific functional of BrownianÕ Õ

motions defined in KPSS depending only on the specific model for the deterministic intercept and trend
components. The moments m and s 2 can be found by Monte Carlo simulations. To simplifyÕ Õ

Ž . 1 Ž .notation, general integrals of a Brownian motion W r such as H W r d r as simply written as HW.0
7 The distribution of t can, however, be found with Monte Carlo simulations.d i8 Ž . Ž .Banerjee et al. 1986 and Kremers et al. 1992 , among others, have found the performance of this

test approach generally preferable to the standard two-step Engle–Granger test based on the residuals
from the static cointegrating regression.
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Moreover, under an assumption of independence between the panel countries a
panel no-cointegration hypothesis test can be performed similarly as the IPS test
by using the standardized ECM t -statistic:d

'Z s N t yE t r Var t , 3.2(Ž . Ž . Ž .Ž .t d d dd

N 9Ž .where tds 1rN Ý t is the average of the estimated ECM t-ratios. Basedis1 d i

on similar arguments and assumptions as the IPS test, we conjecture that the
distribution of the standardized ECM t-ratio Z -statistic converge to a standardtd
normal distribution.

3.2. Test of null of cointegration

A panel test of the null of cointegration can be performed using the panel LM
Ž .test suggested by McCoskey and Kao 1997 . The proposed test is a panel

Ž .extension of the LM test for cointegration proposed by Shin 1994 , which, in
turn, builds on the univariate stationarity test by KPSS.

The Shin test is based on residuals from any asymptotically efficient estimators
of the coefficients in the cointegrating regression. We follow McCoskey and Kao
Ž . Ž .1997 and use the asymptotically efficient dynamic OLS DOLS estimator

Ž .developed by Saikkonen 1991 . For country i, this estimator is obtained by
simply adding leads and lags of the differenced regressors to the static cointegra-
tion regression model: 10

y sa qd tqxX
b qÝK i2 c D x q´

U . 3.3Ž .i t i i i t i jsyK i j i , tqj i ti1

The LM statistic for each country is obtained from the DOLS residuals ´
U as:ˆi t

T1
2SÝ i t2T ts1LM s , 3.4Ž .i 2v̂i

where S sÝt ´
U and v 2 is an estimate of the long-run variance of theˆ ˆi t js1 i j i
U Ž Ž . .disturbance terms ´ we use the Andrews and Monahan 1992 estimator .i t

Similarly, as for the panel KPSS test of stationarity, the panel LM statistic is
defined as the simple average of the country-specific LM-statistics in the panel as

9 Ž . Ž .The moments E t and Var t can be obtained from Monte Carlo simulation.d d
10 Ž . w 1r3 xFollowing Saikkonen 1991 the leads and lags are set equal to K s K s K s integer T .i1 i2
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Ž . N Ž .LMs 1rN Ý LM . Following McCoskey and Kao 1997 , the panel LM testis1 i

is asymptotically normally distributed as: 11

'Z s N LMym rs ´N 0,1 . 3.5Ž . Ž .Ž .LM Q Q

4. Results

4.1. Data

Ž .All data are from the OECD 1998 Health Data File. The data set consist of 21
OECD countries covering the period 1960–1997. 12 Both HE and GDP are

Ž .measured in per capita terms at constant 1990 prices GDP price index and
transformed in natural logarithms.

4.2. Unit root and stationarity tests

Table 1 presents the country-by-country and panel unit root tests based on ADF
regressions with time trends. On the basis of country-by-country tests, the unit root

Žhypothesis for HE can only be rejected for two countries Portugal and Switzer-
.land and for GDP for three countries, at the 5% level. The panel unit root test

results are consistent with the majority of the country-by-country test results. That
is, the unit root hypotheses cannot be rejected for neither HE nor GDP. 13

It is a well-known fact that the ADF test approach has low power for near
unit-root data generating processes. If the observed series are clearly trending, the
low power will primarily be due to the strong multicollinearity in the ADF
regression between the deterministic trend and the lagged variable. 14 The low

11 w 2 x 2 w 2 xm s E HQ and s sVar HQ , with Q given by a model-specific functional of BrownianQ Q
Ž .motions defined in Shin 1994 depending only on the number of regressors in the cointegra-

ting regressions and the specific model for the deterministic intercept and trend components. The mo-
ments m and s 2 can be found by Monte Carlo simulations.Q Q

12 The starting data set was the list of 29 OECD countries covering 1960–1997. Due to missing data
in the data file, Czech Republic, Hungary, Japan, Korea, Luxembourg, Mexico, Poland and Turkey are
excluded. For Portugal, there are missing data during the period 1960–1969. The effective panel data
set therefore has a total of 20=38q28s788 observations.

13 Ž .If, on the other hand, the ADF regressions are specified without time trends, as in MS 1998 , the
ADF and the KPSS tests give conflicting results. For the panel unit root test the unit root null is clearly

Ž .rejected for both HE and GDP the panel statistics are y7.57 for HE and y5.41 for GDP as was also
found by MS. But, on the other hand, the KPSS test results for the corresponding model clearly reject
stationarity. This holds both for all countries individually, as well as for the panel as a whole, for both
HE and GDP. These results are not included in the paper but can be obtained from the authors upon
request.

14 We are grateful to Thomas Selden who pointed this out to us.
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Table 1
Estimated lag orders, country-by-country ADF t-statistics and standardized panel data unit root tests
based on ADF regressions with intercept and time trend for 21 OECD countries 1960–1997

Countries Health expenditure GDP

Lag order ADF t-statistic Lag order ADF t-statistic

Australia 1 y0.5020 2 y2.6457
Austria 1 y1.0150 1 y0.5666
Belgium 1 0.5412 1 y1.4166
Canada 1 0.8267 1 y0.8925
Denmark 1 y2.4613 1 y3.0891
Finland 1 y0.3830 3 y1.6528
France 2 y1.9973 1 y1.7440

UUGermany 1 y0.9471 2 y3.6543
Greece 1 y2.4518 3 y2.8715
Iceland 8 y1.5342 5 y0.4771
Ireland 1 y1.1850 2 y1.8330
Italy 1 y0.2506 1 y1.6664
Netherlands 2 y1.5176 2 y2.7043
New Zealand 1 y2.2293 1 y2.8482
Norway 1 y0.0681 1 y0.9429

UUPortugal 5 y6.2466 2 y2.2400
Spain 2 y2.7642 2 y2.2540
Sweden 1 y1.5189 1 y2.2987

UUSwitzerland 6 y5.7805 1 y1.6400
UUUK 1 y1.7380 2 y3.9136
UUUSA 2 y1.5547 2 y3.4682

Panel tests
Z y 3.4592 0.1383t

Ž . Ž .a Lag orders are calculated according to the Schwarz 1978 information criteria with a maximum lag
of 8 periods.
Ž .b For the individual tests, the 5% and 10% critical values are given by y3.46145 and y3.17093,

Ž .respectively from GAUSS COINT 2.0 .
Ž .c For the panel tests the 5% and 10% critical values are given by y1.282 and y1.645, respectively.
Ž . UU Ud , represent 5% and 10% levels of significance.

power of country-by-country tests is one of the main motivations for the use of
panel ADF unit roots test, as discussed by IPS. The simulations presented by IPS
show a substantial increase in power with an increased cross-sectional dimension
in the panel, even for fairly short time-series.

Despite the simulation evidence of increased power, the non-rejection of the
panel unit root tests may still be due to multicollinearity. An alternative way to
handle this potential multicollinearity is to switch the null and alternative hypothe-
sis and consider the stationarity test by KPSS. Under the null of this test the series
are specified to be trend stationary, and under the alternative the series are
difference stationary. A comparison of the results obtained from the ADF and
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KPSS tests can give some insight into the stationarity properties of the series. If
Žboth the ADF and the KPSS tests fail to reject the null hypotheses or if both

.reject , we have mixed results and can only conclude that the data are not
informative enough. But, on the other hand, if the ADF tests fail to reject the null
and the KPSS tests reject, we have more confidence in the results that the series
under consideration are in fact non-stationary.

The KPSS country-by-country test results that HE and GDP are, respectively,
trend stationary are presented in Table 2. On the basis of country-by-country
KPSS tests, the trend stationarity hypothesis could be rejected for all but two

Table 2
KPSS tests results for individual countries and standardized panel data results of the no-unit root trend
stationarity test for 21 OECD countries 1960–1997

Countries Health expenditure GDP

Ž . Ž .KPSS test h KPSS test h

UU UUAustralia 0.2342 0.2281
UU UUAustria 0.2209 0.2565
UU UUBelgium 0.2473 0.2507
UU UUCanada 0.2255 0.2498
UU UUDenmark 0.2392 0.2030
UU UUFinland 0.2389 0.2216
UU UUFrance 0.2688 0.2553
UUGermany 0.2311 0.0614
UU UUGreece 0.1957 0.2587
UU UUIceland 0.2404 0.2060
UU UIreland 0.2353 0.1287
UU UUItaly 0.2372 0.2561
UU UUNetherlands 0.2479 0.2143
U UUNew Zealand 0.1370 0.1497
UU UUNorway 0.2629 0.2303
U UUPortugal 0.1414 0.2112
UU UUSpain 0.2377 0.2129
UU UUSweden 0.2657 0.2322
UU UUSwitzerland 0.2428 0.1959
UUUK 0.1901 0.0748
UU UUUSA 0.1748 0.1775

Panel tests
UU UUZ 17.2242 14.9638h

Ž . w Ž .1r4 xa The laglength in the Newey–West variance estimator is set to ls integer 4 Tr100 .
Ž .b For the individual tests, the 5% and 10% critical values are given by 0.146 and 0.119, respectively
Ž .Kwiatkowski et al., 1992; Table 1 . The 5% and 10% critical values for the panel test are given by
1.645 and 1.282.
Ž . Ž .1r2c For the panel test the standardization moments are given by m s0.06672 and s s 0.001747 .V V

Ž .These moments are obtained from stochastic simulations as described in Kwiatkowski et al. 1992
using 100,000 Monte Carlo replicates.
Ž . UU Ud , represent 5% and 10% levels of significance.
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Ž .countries for HE New Zealand and Portugal and for three countries for GDP
Ž .Germany, Ireland and UK at the 5% level. As seen from the bottom of Table 2,
the panel KPSS test is even more conclusive and gives a clear rejection of the

Ž .trend stationary no-unit root hypothesis for both HE and GDP at the 1% level of
significance. These results are in line with the ADF results and hence give us more

Ž .confidence in the conclusion that both HE and GDP are difference stationary I 1
processes. 15

Taken together, the results clearly indicate that the HE and GDP series can be
Ž .characterized as I 1 processes. These results are in accordance with the results by

Ž .HK, BC and Roberts 1998 , but in contrast to MS, and motivate further analysis
of the existence of long-run cointegrating relationships between HE and GDP in
the sample of OECD countries.

4.3. Cointegration tests

The tests of no-cointegration are based on the t-ratio of the error-correction
adjustment coefficient d and are performed as described in Section 3. The resultsi

are reported in Table 3. The country-by-country test results are similar to those
reported by HK and Roberts, i.e., the no-cointegration hypothesis is rarely rejected
Ž .the null is rejected for only three countries: Italy, Portugal and Spain . The results
differ, however, from the results reported by BC where the no-cointegration

Ž .hypothesis is rejected for all countries see BC, Table 4 and Table 5 but BC’s
country-by-country cointegration tests are in fact consistent with our new panel
data test based on the t-ratios of the error-correction coefficients. 16 As seen from
Table 3, our panel test clearly rejects the hypothesis of no-cointegration at the 5%
level. From this results we conclude that HE and GDP are cointegrated around a
linear trend.

Turning to the tests of the null of cointegration, we find that the country-by-
country tests of the null hypothesis of cointegration on the heterogeneous slopes

15 Yet another possible explanation of the failure to reject the ADF unit root tests are due to the fact
that the series can be characterized by a higher order of non-stationarity. That is, the series might need
to be differenced more than once to attain stationarity. To investigate this, we also perform tests of the
Ž .I 2 hypotheses, by applying country-by-country and panel unit root tests on the differenced series. The

Ž .country-by-country I 2 tests are significant at the 5% level in 17 cases for HE and in 20 cases for
Ž Ž .GDP the ADF regressions used to test the I 2 hypothesis are specified with an intercept, but without

. Ž .a time trend . The panel tests indicate that the I 2 -null can be rejected at the 1% level for both HE and
Ž .GDP, respectively. To save space, these I 2 results are not presented in detail, but are available from

the authors upon request.
16 Although BC’s results are consistent with our conclusion that HE and GDP are co-integrated, the

approach they used to test the null of no-cointegration is not recommended. It was based on a two-step
Engle–Granger of the null of no-cointegration on the residuals from a dynamic model specified for
each country. It can be shown that this test procedure will almost inevitably lead to a rejection of the

Ž .no-cointegrating hypothesis see Gerdtham and Lothgren, 1998 .¨
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Table 3
Estimated country-by-country and standardized panel data tests based on ECM tests of no-cointegration
and Shin tests of cointegration for 21 OECD countries 1960–1997

Countries ECM tests of no-cointegration Shin test of cointegration

t -Statistic Shin-Statisticd

Australia y3.2229 0.0347
Austria y3.0086 0.0112
Belgium y3.2909 0.0199
Canada y1.4703 0.0161
Denmark y1.6578 0.0673
Finland y3.6213 0.0455
France y3.5475 0.0832
Germany y0.8999 0.0373
Greece 0.0349 0.0155
Iceland y2.4166 0.0389
Ireland y1.4242 0.0682

UUItaly y4.1634 0.0577
Netherlands y3.2880 0.0339
New Zealand y2.2975 0.0249
Norway y0.5641 0.0721

UUPortugal y4.9776 0.0248
UUSpain y4.2642 0.0161

Sweden y1.3724 0.0367
Switzerland y2.7079 0.0563
U.K y1.7775 0.0744
USA y2.4119 0.0380

Panel tests
UUZ s14.6166 Z sy1.9102t LMd

Ž .a The individual ECM-test of no-cointegration is double-sided and the critical values are given by
w x w xy4.050; y0.376 and y3.718; y0.703 for the 5% and 10% level test, respectively. The critical
values are obtained from stochastic simulations using 100,000 Monte Carlo replicates.
Ž . Ž .b For the panel ECM tests of no-cointegration, the standardization moments are given by E t sd

Ž . Ž .1r2y2.2057 and Var t s 0.8296 . These moments are obtained using 100000 Monte Carlo repli-d

cates. For this test the 5% and 10% critical values are given by y1.645 and y1.282, respectively.
Ž .c For the individual tests of cointegration the 5% and 10% critical values are given by 0.121 and

Ž .0.097, respectively from Shin, 1994, Table 1 .
Ž .d For the panel Shin tests of cointegration the standardization moments are given by m s0.05598Q

Ž .1r2and s s 0.001189 . These moments are obtained from stochastic simulations as described in ShinQ
Ž .1994 using 100,000 Monte Carlo replicates.
Ž . UU Ue , represent 5% and 10% levels of significance.

model is similar to those presented by BC, i.e., the null cannot be rejected for any
country at the 5% level. Furthermore, and not surprisingly, the panel test result is
in line with the country-by-country results and is clearly insignificant.

To conclude, the country-by-country and panel cointegration test results clearly
indicate that there is a cointegrating relationship between health expenditure and
GDP in the sample of OECD countries.
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5. Concluding remarks

This paper examines the stationarity and cointegration of health expenditure
Ž .HE and GDP, using some new stationarity and cointegration tests and updated
data from 21 OECD countries for the period 1960–1997.

ŽWe test for non-stationarity using country-by-country and panel ADF tests Im
.et al., 1997 . To alleviate a potential multicollinearity problem, we also switch the

hypothesis and test for trend stationarity using country-by-country and panel
Ž .versions of the test by Kwiatkowski et al. 1992 . The results indicate that both HE

and GDP are non-stationary.
This motivate further investigations of a possible long-run equilibrium cointe-

grating relationship between the HE and GDP. To investigate this issue, we
perform both country-by-country and panel data cointegration tests. On the basis
of an unrestricted heterogeneous error-correction model our country-by-country
tests rarely reject the no-cointegration hypothesis. For the panel test, our result
clearly reject the null of no-cointegration which may be a result of increased
power of the panel test as compared with the country-by-country tests. Since this
result may be driven by the individually significant tests, we also test the null of

Ž .cointegration based on the Shin 1994 test, for each individual country and for the
panel as a whole. The panel result is consistent with the country-by-country results
and gives a non-rejection of the cointegration hypothesis. Taken together, our
cointegration results show strong evidence in favor of the existence of a long-run
equilibrium cointegrating relationship between HE and GDP in the given sample
of OECD countries.

To conclude, we note that all reported results are conditioned upon the
log-linear functional form and a model including only GDP and a linear time trend
as regressors. It cannot be ruled out that the results are sensitive to inclusions of
additional regressors. We also note that structural breaks in the series can be

Ž .mistaken for nonstationarity see Perron, 1989; Georgellis, 1994 . But due to the
limited country-by-country sample size and possible heterogeneous break points in
the series, we leave this issue for future work.
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