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Abstract: This paper examines the convergence in health expenditure across 22 OECD countries between 1980 and 
2012 by implementing panel unit root tests. Contribution of application of the nonlinear asymmetric heterogeneous panel 
unit root test is twofold. Firstly, it relaxes the assumption of cross-sectional dependency in panel data. Secondly, it 
incorporates the asymmetric nonlinear mean reversion in a panel setting. Results show that while the conventional panel 
unit root test cannot reject the null hypothesis of a unit root in relative per capita health expenditures for the whole set of 
countries, both the symmetric and the asymmetric nonlinear panel unit root tests indicate the stationarity of the panel. 
Specifically, almost 23 percent of the countries are found to be converging by employing the nonlinear asymmetric panel 
unit root test. In addition, introducing asymmetric structure helps to uncover additional converging countries which 
cannot be detected using linear and nonlinear symmetric panel unit root tests.  
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1. INTRODUCTION 

According to the Organization for Economic 

Cooperation and Development (OECD) Health 

Statistics 2014, OECD average per capita health care 

expenditure (US$ PPP) and health expenditure as 

share of GDP have been rising over the period 2000-

2012 although there has been a decline between 2009 

and 2011 due to global financial crisis. The United 

States (US) has always been the country with the 

highest spending on health over the period 2000-2012. 

Health spending accounts for 16.9% of GDP in US in 

2012, which is higher than OECD average 9.3%. 

Turkey and Mexico, on the other hand, have the lowest 

per capita health expenditures in 2012 (less than a 

third of the OECD average). The estimated average 

growth rate of per capita health expenditure across 

OECD countries is 4.1% between 2000 and 2009 while 

between 2009 and 2011 the growth rate is only 0.2%.
1
 

Although US has the highest per capita health 

expenditure among OECD countries, its growth rate on 

per capita health spending, in real terms, over the 

period 2000-2009 is 3.4% which is less than the growth 

rates of countries such as Korea and New Zealand 

(9.3% and 4.5% respectively) with per capita health 

expenditures lower than OECD average for the period 

2000-2009. 
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Countries’ spending on health care and the rate at 

which it grows depend on different market and social 

factors, differences in organization and financing of 

health care systems, and the level of technology of 

countries. Improvements in medical technologies, 

population aging and rising consumer expectations 

lead to increase in health expenditure growth (Huber 

and Orosz 2003). Newhouse (1992) conjectures that 

technological advancement is a major contributor to 

health care expenditure accounting for almost 75% of 

increase in health expenditures. Okunade and Murthy 

(2002) econometrically test this hypothesis for US and 

confirm that changes in R&D spending (proxy for the 

technology) is a long run factor of rising health care 

expenditure. Another factor affecting health 

expenditure is population aging. Since health 

expenditure per person for older people is greater than 

health expenditure per person for younger people, 

countries with rising older population might experience 

rising health expenditure. In addition to these, different 

environmental conditions and lifestyles might also 

generate differences in types of diseases experienced 

across countries which may lead to varying levels of 

health expenditures.  

Considering the differences in health expenditures 

across countries, concept of convergence in health 

expenditures has been investigated by many 

researchers. Economic convergence is based on 

neoclassical growth theory. The theory states that in 

the long run countries with similar preferences and 

technology will reach to a common steady state level of 

income per capita. Poor countries tend to grow faster 

than rich ones and eventually they will catch-up. Since 

health expenditure rises when income expands, health 
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expenditure may also convergence as income 

converge between countries. This has been the 

motivation for the literature on convergence in health 

expenditures between countries. As countries develop 

and grow over time, consumers may demand for new 

medical services and procedures due to the availability 

of knowledge about health capabilities around the 

world. Thus, increasing expectations from consumers 

may lead to utilization of new procedures in countries 

and contribute to the convergence in health 

expenditures. Moreover, integration of health systems 

and introduction of common policies regarding health 

care markets may also lead to convergence in health 

expenditures.  

Except for the work by Lau, Fung and Pugalis 

(2014), analysis of health care expenditure 

convergence has been generally implemented by linear 

unit root tests such as panel unit root test developed by 

Im, Pesaran and Shin (2003) and LM panel unit root 

test. However, as pointed out by Lau et al. (2014), 

health care expenditure may follow a nonlinear path. 

Thus, to account for nonlinearity, the panel unit root 

test developed by Ucar and Omay (2009) is employed 

in this paper in addition to the conventional linear panel 

unit root test. The nonlinear symmetric unit root test 

proposed by Ucar and Omay (2009) is an extension of 

the time series unit root test developed by Kapetanios, 

Shin and Snell (2003) (henceforth, KSS) into a panel 

setting. Although, Ucar and Omay (2009) deal with 

nonlinearity, they ignore the possibility of asymmetric 

behavior. However, per capita health expenditures of 

OECD countries show asymmetric behavior (Narayan 

2009). Thus, to take asymmetry into account, a 

nonlinear asymmetric panel unit root test proposed by 

Emirmahmutoglu and Omay (2014) is also 

implemented in this paper. This test is an extension of 

asymmetric time series unit root test introduced by 

Sollis (2009) into a panel context. To deal with the 

problems that stem from cross-sectional dependence, 

both Ucar and Omay (2009) and Emirmahmutoglu and 

Omay (2014) employ the Sieve bootstrap methodology 

by Chang (2004), which is also used in this research. 

Furthermore, as emphasized by Taylor and Sarno 

(1998), panel unit root tests may reject joint non-

stationarity even if only one of the series in the panel is 

stationary. Therefore, it is very essential to separate 

the panel into stationary and non-stationary series if the 

null hypothesis of a unit root is rejected. A sequential 

panel selection method (SPSM) developed by 

Chortareas and Kapetanios (2009) is implemented in 

this research to identify stationary series in the panel.  

In summary, this paper examines the convergence 

in per capita health expenditures for 22 OECD 

countries between 1980 and 2012 by comparing the 

results from aforementioned three panel unit root tests 

developed by Im, Pesaran and Shin (2003) 

(henceforth, IPS), Ucar and Omay (2009) and 

Emirmahmutoglu and Omay (2014). Contribution of this 

paper are twofold. Firstly, the asymmetric nonlinear 

panel unit root test applied in this research relaxes the 

assumption of cross-sectional dependence by 

implementing the Sieve bootstrap methodology 

proposed by Chang (2004) and secondly, it also allows 

for the asymmetric nonlinearity. To the author’s 

knowledge, this is the first application of a nonlinear 

asymmetric heterogenous panel unit root test for the 

concept of convergence in health care expenditures 

across countries. According to the IPS test, per capita 

health expenditures for countries as a panel do not 

converge to OECD mean while the symmetric panel 

unit root test results indicate that only one per capita 

health expenditure series converges to OECD mean. 

Finally, the null hypothesis of a unit root for 5 out of 22 

OECD countries are rejected by the asymmetric panel 

unit root test. Thus, it can be argued that incorporating 

asymmetric behavior when analyzing the convergence 

in per capita health expenditure across countries helps 

to uncover additional countries with per capita health 

expenditures converging towards OECD mean.  

Organization of this paper is as follows. Section 2 

discusses the literature on convergence in health 

expenditure. Data and methodology are described in 

Section 3. Section 4 presents the results and Section 5 

concludes. 

2. LITERATURE REVIEW 

Convergence in health expenditure across countries 

has been investigated by many researchers. However, 

the findings of those studies are mixed. Some prior 

studies using data for (European Union) EU countries 

have found evidence of convergence in health 

expenditures towards EU mean. For instance, Nixon 

(2000) examined -convergence in health care 

expenditures of 15 EU countries between 1960 and 

1995 and -convergence in health care expenditures of 

the same countries between 1980 and 1995. -

convergence is obtained by examining the change in 

the standard deviation or coefficient of variation of 

indicators e.g. health expenditures across countries. 

This method examines how dispersion between 

indicators across countries has changed. For instance, 

if the value of standard deviation of health expenditures 
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across countries diminishes we say that -convergence 

exists. -convergence exists if a poor economy catches 

up with the rich one in terms of the indicator e.g. health 

care expenditure by growing faster than the rich 

country. Results showed upward convergence in health 

care spending of Southern Mediterranean countries’ 

towards EU mean while downward convergence in 

health care expenditures of EU countries of the North. 

Hitiris and Nixon (2001) studied the -convergence in 

health care expenditure per capita and health care 

expenditure as a share of GDP for a panel of 15 EU 

countries between 1980 and 1995. Findings showed 

the existence of convergence towards EU mean in both 

health expenditure measures. Specifically, both 

absolute and conditional convergence were evident in 

per capita health care expenditures whereas only 

absolute convergence was supported for the health 

care expenditure as a share of GDP variable. Absolute 

convergence relies on the assumption that countries 

converge to a common steady state while conditional 

convergence implies that countries converge their own 

state states which may be different than each other. In 

addition to these, they also investigated the health care 

expenditure convergence towards EU mean for three 

country groups constructed based on the health care 

system of countries. Results indicated the absolute 

convergence in both health care expenditure measures 

and confirmed the general expectation of higher health 

care expenditures of countries adopted Social 

Insurance (SI) than that of countries with National 

Health Service (NHS).  

Kerem, Püss, Viies and Maldre (2008) analyzed the 

-, - and -convergence in health care expenditures of 

EU countries using cross-sectional data for the period 

1992-2004. -convergence is measured by the 

Kendall’s rank concordance index which helps to 

estimate the changes in a country’s ranking. The closer 

the index is to zero the greater the extent of mobility 

within the distribution (Boyle and McCarthy 1999) and 

-convergence occurs. Results also confirmed -

convergence for health expenditures of EU-23 

countries. On the other hand, non-convergence of 

health expenditures or only a weak evidence of 

convergence for EU countries have also been shown. 

For example, Montarani and Nelson (2013) analyzed 

the development in three healthcare dimensions 

(coverage, financing which includes health care 

expenditures and provision) of 19 EU countries over 

the period 1980-2006. Convergence was observed only 

in private healthcare financing i.e. countries became 

similar in increased private healthcare financing while 

other dimensions such as health employment and 

healthcare provision were shown to be diverging.  

Convergence of health expenditures in OECD 

countries has also been examined but studies have 

produced contradicting results. Alcalde-Unzu, Ezcurra 

and Pascual (2009) decomposed the disparities in per 

capita health expenditures of 21 OECD countries over 

the period of 1975-2003 using Theil’s second measure 

of inequality. Results indicated that decreases in the 

level of per capita health expenditure inequality among 

countries was due to the convergence of factors: health 

care expenditure as a share of GDP, labour 

productivity, employment rate and the ratio of working-

age population to total population. Fallahi (2011) 

studied the stochastic and -convergence of health 

expenditures as a share of GDP for 11 OECD countries 

over the period 1960-2006. Stochastic convergence 

was tested with and without a structural break using 

stationarity test of Kwiatkowski-Phillips-Schmidt-Shin 

(1992) (henceforth, KPSS) and the minimum LM type 

statistic developed by Lee and Strazicich (2003). 

Similarly, -convergence was also tested with a 

structural break using an econometric method by 

Vogelsang (1998). Results showed that stochastic 

convergence existed for all OECD countries while -

convergence towards health expenditure as a share of 

GDP for US was evident only for 4 countries before the 

structural break points. Schmitt and Starke (2011) 

found the conditional convergence as well as absolute 

-convergence for various social expenditures 

including health for 21 OECD countries between 1980 

and 2005 employing error correction models. 

Panopoulou and Pantelidis (2012) analyzed the 

convergence in per capita health expenditures of 19 

OECD countries over the period of 1972-2006 using 

the method introduced by Phillips and Sul (2007). 

Findings indicated that 17 out of 19 countries 

converged in per capita health expenditures whereas 

US and Norway followed a different path. 

Although aforementioned studies on OECD 

countries have suggested convergence in health 

expenditures, evidence of non-convergence have also 

been found in some other studies. Narayan (2007) 

tested the ‘catch-up’ hypothesis of per capita health 

expenditures. The author examined convergence in per 

capita health expenditures of five OECD countries (UK, 

Canada, Japan, Switzerland and Spain) to US per 

capita health expenditure between 1960 and 2000. 

First, ADF test was used to test the stationarity of the 

US per capita health expenditures relative to each 

OECD country being examined. Test results showed 
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no evidence of convergence of per capita health 

expenditures, while when LM univariate unit root tests 

allowing for structural breaks were applied, results 

suggested the existence of convergence. In addition to 

these, five countries were also considered as a panel 

and panel unit root tests were used. Similar results 

were obtained. Convergence of per capita health 

expenditures was present only when the structural 

breaks were taken into account. Aslan (2008) 

investigated the convergence of per capita health care 

expenditures for 19 OECD countries between 1970 and 

2005 by using Lima and Resende (2007) persistence 

procedure. IPS panel data unit root test was 

implemented. Persistence in inequality in health care 

expenditures per capita was evident since the unit root 

tests could not be rejected.  

Apart from convergence studies on OECD and EU 

countries, Wang (2009) examined the convergence in 

per capita health expenditure and its nine components 

for 50 states in US between 1980 and 2004. Those 

components were constructed by the type of 

establishment delivering care and the medical products 

purchased in retail outlets. A moderate evidence of 

convergence was found. In addition, convergence in 

hospital care explained most of the convergence in 

health care expenditures while prescription drugs, other 

personal health care and nursing home constituted as 

diverging factors. Unlike the aforementioned studies, 

Lau et al. (2014) considered nonlinear dynamics in 

health expenditure series. They investigated per capita 

health expenditure convergence among 14 EU 

countries between 1970 and 2008 implementing 

nonlinear panel unit root tests. Test results showed the 

existence of unit root for most of the countries studied 

relative to different benchmark countries including EU 

average. Hence, the results did not support the 

convergence hypothesis.  

3. DATA AND METHODOLOGY 

In this research, concept of convergence in per 

capita health expenditure was examined for 22 OECD 

countries (Australia, Austria, Belgium, Canada, 

Denmark, Finland, Germany, Iceland, Ireland, Israel, 

Japan, Korea, Netherlands, New Zealand, Norway, 

Portugal, Spain, Sweden, Switzerland, Turkey, the 

United Kingdom (UK) and the US) between 1980 and 

2012. This sample of OECD countries was selected 

based on data availability. Per capita health 

expenditure series for all countries were PPP-adjusted 

US Dollar series over the period 1980-2012 and 

obtained from online OECD database: OECD Health 

Statistics. Table 1 shows average GDP growth, GDP 

per capita, population and per capita health 

expenditures for each country over the period of 1980 

and 2012. Korea has the highest average GDP growth 

(6.43%) while Denmark has the smallest average GDP 

growth (1.67%). The highest average GPD per capita 

belongs to Norway whereas Turkey has the smallest 

average GDP per capita as shown in the third column 

of Table 1. In terms of population, US has the highest 

average population among other countries while 

Iceland has the smallest average population over the 

period of 1980-2012. Finally, Turkey has lowest 

average per capita health expenditure among others 

whereas the highest average per capita health 

expenditure belongs to US. It is also observed that the 

countries with the smallest average GDP per capita 

(such as Turkey, Korea, Portugal, Israel, Spain and 

New Zealand) between 1980 and 2012 have also the 

lowest average per capita health expenditures. Norway 

and Switzerland with high average GDP per capita 

have also high average per capita health expenditures. 

On the other hand, Turkey, Israel and Korea as the 

countries with low average GDP per capita and 

average per capita health expenditures have higher 

average GDP growth than all other countries listed in 

Table 1. 

First of all, each year per capita health expenditure 

series for each country was divided by the average per 

capita health expenditures of 22 OECD countries. That 

is, health expenditure per capita of country i relative to 

average per capita health expenditures among 22 

OECD countries at time t was constructed as below: 

yit = ln(
hit

ht

)  

where 
 
h
it

 is per capita health expenditure for country i 

at time t, 
 
h
t

 is the average per capita health 

expenditure at time t and ln is the natural logarithm.  

To test for the convergence of per capita health 

expenditures, three panel unit root estimation methods 

were employed: (1) IPS linear panel unit root test, (2) a 

symmetric nonlinear panel unit root test developed by 

Ucar and Omay (2009), and (3) an asymmetric 

nonlinear panel unit root test proposed by 

Emirmahmutoglu and Omay (2014). Some basics of 

Emirmahmutoglu and Omay (2014) methodology were 

introduced in this section as being the main focus of 

this study.  
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In order to detect the presence of nonstationarity 

against asymmetric nonlinear but globally stationary 

ESTAR process, a testing procedure was developed by 

Emirmahmutoglu and Omay (2014). Firstly, a nonlinear 

asymmetric heterogeneous panel data model was 

constructed as below: 

y
it
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where 
  it

~ iid(0,
i

2 ) . Equation (1) nests the panel 

symmetric ESTAR specification of the panel stationarity 
test developed by Ucar and Omay (2009) when 

  1i
=

2i
=

i
 for all i.

2
 Next, Emirmahmutoglu and 

Omay (2014) extended equation (1) to account for 
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serially correlated errors by allowing for higher order 
dynamics as given below:  
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Using equation (4), the unit root hypothesis can be 
tested against the alternative hypothesis of globally 
stationary symmetric or asymmetric ESTAR 
nonlinearity with a unit root central regime by testing 

  
H

0
:

1i
= 0  (Emirmahmutoglu and Omay 2014:186). 

However, there are unidentified parameters with this 
null hypothesis. Thus, the following augmented 
auxiliary equation (i.e. equation 5) was derived by 
Emirmahmutoglu and Omay (2014) using a Taylor 
approximation to solve this problem. 
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y
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        (5) 

Based on equation (5), the null hypothesis was 

changed to H
0

:
1i
=

2i
= 0

 
for all  i . The test statistic 

Table 1: Average GDP Growth, GDP per Capita, Population and Health Expenditure  

Country 
GDP growth 

(percent) 

GDP per capita (constant 
2005 US$) 

Population 
Per capita 

health expenditures 

Australia 3.24 28310.69 18399912.12 1957.99 

Austria 2.11 32508.97 7934670.88 2441.95 

Belgium 1.94 31281.41 10235128.61 2114.39 

Canada 2.46 30595.55 29564925.39 2424.35 

Denmark 1.67 41358.75 5284686.88 2360.88 

Finland 2.40 31366.57 5100618.79 1807.38 

Germany 1.75 31015.50 80631051.85 2532.67 

Iceland 2.77 46094.03 272900.00 2274.88 

Ireland 4.21 33666.26 3832169.85 1769.24 

Israel 4.80 17070.88 5715330.30 1426.23 

Japan 2.12 31405.20 124608817.36 1757.97 

Korea 6.43 12896.68 44944051.88 785.83 

Netherlands 2.11 35088.34 15501570.82 2306.45 

New Zealand 2.51 23282.63 3718036.36 1461.50 

Norway 2.61 53367.35 4428475.21 2686.47 

Portugal 2.09 15615.88 10193310.36 1266.00 

Spain 2.41 21347.63 40887517.15 1418.32 

Sweden 2.10 35704.64 8787989.64 2183.35 

Switzerland 1.75 50348.82 7045121.24 2977.85 

Turkey 4.20 5745.92 59347198.52 366.47 

United Kingdom 2.14 32153.89 58747212.58 1686.22 

United States 2.68 36552.67 269499016.58 4405.60 

The numbers shown in this table show the average of the corresponding variable for each country over the period of 1980-2012. GDP and population values were 
obtained from World Development Indicators. 
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was constructed by taking the average of the individual 

  
F

i,AE
 statistics developed by Sollis (2009). Hence, we 

have the following test statistic:  

F
AE

= N
1

F
i,AE

i=1

N

.           (6) 

As pointed out by Emirmahmutoglu and Omay 

(2014), since the panel 
 
F

AE
 test statistic has a non-

standard distribution, exact critical values of F
AE

 

should be computed via stochastic simulation for 
different values of N and T. They also noticed that if the 
disturbances are not independent, the limit distributions 
of the test statistics are unknown in the presence of 
cross correlations among the cross-section units. Thus, 
in order to overcome this problem Emirmahmutoglu 
and Omay (2014) implemented the Sieve bootstrap 
methodology proposed by Chang (2004) to obtain the 

empirical distributions of the bootstrap statistic
  
F

AE

* .
3
  

Finally, in order to identify stationary countries 

Emirmahmutoglu and Omay (2014) employed the 

SPSM procedure proposed by Choartareas and 

Kapetanios (2009). The steps of the SPSM procedure 

as outlined in Emirmahmutoglu and Omay (2014:189) 

are as follows: 

1) Eq. (5) is first estimated for all the series in the 

panel. If the null hypothesis of a unit root is not 

rejected, then the non-stationary hypothesis is 

accepted and the procedure stops. In this case, 

all the series in the panel are found to be non-

stationary. On the contrary, if the unit root null is 

rejected, one should move on to Step 2.  

2) Drop the series with the maximum 
  
F

AE

*  statistics 

that shows the strongest evidence in favor of 
stationarity and go to Step 3.  

3) Return to Step 1 for the remaining series, or stop 

the procedure if all the series are removed from 

the panel. 

4. RESULTS 

The first approach as mentioned before is a 

conventional linear panel unit root test developed by Im 

et al. (2003), namely IPS test. IPS test is conducted for 

the full sample of OECD countries and the test result 

implies that the null hypothesis of a unit root in the 

                                            

3
See Emirmahmutoglu and Omay (2014) and Chang (2004) for further details. 

health expenditures relative to OECD mean cannot be 

rejected with the test value -1.295 as shown in Table 2. 

Therefore, the conventional linear panel unit root test 

rejects the convergence hypothesis in the per capita 

health expenditures toward OECD mean for the whole 

panel of countries. 

Next, existence of nonlinear mean reversion in the 
relative healthcare expenditure series is investigated by 
performing the other two panel unit root tests 
developed by Ucar and Omay (2009) (henceforth, UO) 
and Emirmahmutoglu and Omay (2014) (henceforth, 
EO). UO test is a nonlinear symmetric panel unit root t-

test (
 
t
NL

) and EO test is an asymmetric panel unit root 

F-test ( F
AE

* ). The results of UO and EO nonlinear 

panel unit root tests presented in Table 2 employ the 
Sieve bootstrap methodology proposed by Chang 
(2004) in order to remedy the cross-sectional 
dependency problem. A sequence of UO tests resulted 
from the SPSM procedure introduced in Section 3 are 
reported in column 2 of Table 2. The individual 
minimum KSS statistics given in column 3 are used to 
make decision about dropping the individual series i.e. 
countries from the panel. Finally, countries with 
stationary series identified using this procedure as 
shown in column 1 are sorted in a descending order 
according to the corresponding minimum KSS 
statistics. The same SPSM procedure is also applied 
for EO tests as shown in column 5. The individual 
maximum F-statistics by Sollis (2009) that are used to 
drop the individual series are reported in column 6 of 
Table 2. Column 4 in Table 2 presents the stationary 
series identified with this procedure sorted in a 
descending order based on the corresponding 
maximum F-statistics.  

According to the results of panel UO and EO tests 

(columns 2 and 5, respectively), the null hypothesis of 

a unit root in the healthcare expenditure relative to 

OECD mean is rejected when the UO and EO tests are 

applied to the full sample of countries (with values -

1.589 and 3.743, respectively). When the SPSM 

procedure is implemented for UO test, the relative 

healthcare expenditure series of Australia is found to 

be stationary with the minimum KSS statistics (-4.438). 

Therefore, UO test is applied on the remaining set of 

21 countries with the removal of Australia from the 

panel. The new panel UO test result is now -1.453 

implying that the null hypothesis of a unit root for the 

remaining 21 countries cannot be rejected. Thus, the 

SPSM procedure terminates at this stage for UO test. 

As a result, it can be concluded that only Australia 

healthcare expenditure series exhibits convergence to 

the mean of the per capita healthcare expenditures of 

22 OECD countries based on panel UO test with the 
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alternative hypothesis of symmetric nonlinear mean 

reversion in the series.  

Using the same SPSM outlined above for EO test, 

Japan is found to be stationary with the highest 

maximum F-statistic 18.711 and so it is removed from 

the panel. After that, panel EO test is applied for the 

remaining 21 countries and EO test still rejects the null 

hypothesis of a unit root with the value of 3.031. Since 

Australia is found to be stationary with the maximum F-

statistics 11.471, it is dropped from the panel and EO 

test is implemented for the remaining 20 series in the 

panel. EO test with the value of 2.609 rejects the unit 

root null hypothesis and SPSM procedure continues 

until panel EO test fails to reject the null hypothesis of a 

unit root. Finally, the procedure stops when Korea is 

removed from the panel and EO test with the value of 

2.079 fails to reject the unit root null hypothesis for the 

remaining countries. Hence, it can be concluded that 

per capita healthcare expenditure series for Australia, 

Japan, Korea, Spain and Sweden exhibit convergence 

to the mean of the per capita healthcare expenditures 

of 22 OECD countries by using panel EO test with the 

alternative hypothesis of asymmetric nonlinear mean 

reversion in the series. 

Findings from Table 2 can be summarized as 

follows. The conventional symmetric linear IPS test 

Table 2: Panel Unit Root Test Results  

Countries 

(descending order 
based on column 3) 

Panel  

UO Test 

(
 
t
NL

) 

Individual 

Minimum KSS 
Statistic 

Countries 

(descending order 
based on column 

6) 

Panel 

EO Test 

(
  
F

AE
* ) 

Individual  

Maximum  

F-Statistic 

 (
  
F

i,AE
) 

Individual 
EO 

Asymmetry 
Test 

Australia -1.589*** -4.438* Japan 3.743* 18.711* 5.194* 

Portugal -1.453 -2.646 Australia 3.031** 11.471* 1.261 

Finland -1.393 -2.561 Spain 2.609** 6.278* 2.088** 

UK -1.332 -2.503 Sweden 2.415** 5.290** 2.795** 

Turkey -1.267 -2.133 Korea 2.256*** 5.260** -3.210* 

Germany -1.216 -1.942 Finland 2.079 4.300*** 2.055** 

Japan -1.171 -1.911 UK 1.940 3.399 0.789 

Netherlands -1.121 -1.822 Portugal 1.843 3.283 0.893 

Spain -1.071 -1.770 Germany 1.740 3.157 1.415 

Belgium -1.017 -1.717 Denmark 1.631 2.814 1.635*** 

Denmark -0.959 -1.671 US 1.533 2.791 -1.949** 

Canada -0.894 -1.529 Netherlands 1.418 2.735 1.420 

Sweden -0.831 -1.510 Canada 1.286 2.632 1.534 

Ireland -0.755 -1.455 Norway 1.137 1.989 1.415 

Norway -0.668 -1.383 Turkey 1.030 1.949 -0.007 

US -0.566 -1.276 Belgium 0.899 1.609 0.580 

Israel -0.448 -1.098 Iceland 0.781 1.232 -1.381 

Iceland -0.317 -0.735 Austria 0.691 1.223 -1.563 

Korea -0.213 -0.328 Ireland 0.558 1.093 0.363 

Switzerland -0.175 -0.304 Israel 0.380 0.699 -0.486 

New Zealand -0.110 -0.245 New Zealand 0.220 0.323 -0.767 

Austria  0.024  0.024 Switzerland 0.116 0.116 -0.389 

Panel IPS Test: -1.295 

Panel EO Asymmetry Test: 1.509 

Note 1: The critical values of the KSS i.e. Kapetanios, Shin and Snell (2003) statistics and Solis (2009) tests are - 3.48,  - 2.93, and -2.66, and 6.891, 4.886 and 
4.009, respectively, for the significance levels *%1, **%5 and ***%10. 
Note 2: The empirical distributions of the tests, generated by 5000 replications, are used to obtain their p-values. For all of the tests, lag length is chosen using 
Schwarz-Bayes Criterion (SBC), setting the maximum lag length at 8. 
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rejects the healthcare expenditure convergence 

hypothesis for the whole panel. On the other hand, the 

healthcare expenditure convergence hypothesis cannot 

be rejected for one country, Australia, when the 

symmetric nonlinear panel unit root test i.e. UO test is 

applied. When the presence of asymmetry behavior in 

the series is considered by applying EO test, per capita 

health expenditure series for 4 more countries (Japan, 

Korea, Spain and Sweden) in addition to Australia are 

also found to be converging towards OECD mean, 

which amounts to a total of 23 percent of rejections of 

the unit root hypothesis for the whole sample. This 

increase in the number of rejections highlights the 

importance of taking the potential asymmetry into 

account when analyzing the convergence in the per 

capita health expenditure series. Nevertheless, 

although the possibility of asymmetric adjustment is 

considered, EO test does not provide a strong 

evidence of per capita health expenditure convergence. 

Almost 77 percent of countries with relative per capita 

health expenditures are still found to be non-

converging. To sum up, long-run mean reversion of the 

relative per capita health expenditure series in this 

paper cannot be strongly supported by either of the 

symmetric and the asymmetric panel unit root tests.  

Finally, a panel EO asymmetry test is applied. The 

results of the test with the value of 1.509 given in Table 

2 shows us that asymmetry does not exist for the full 

sample of countries whereas the individual EO 

asymmetry tests in column 7 (time series version of the 

panel EO asymmetry test) suggest that 7 out of 22 

OECD countries are asymmetric. Therefore, the results 

of nonlinear asymmetric panel unit root test might be 

driven from the asymmetric behaviors of the individual 

relative health expenditure series. Hence, it can be 

claimed that the nonlinear asymmetric mean reversion 

is more suitable in the case of health expenditure 

convergence and the application of wrong 

specifications such as linear and nonlinear symmetric 

panel models may result in very erroneous findings. 

For further research, possibility of a structural break or 

joint effects of structural break and nonlinearity in 

health care expenditure convergence can be analyzed 

by incorporating the asymmetric behavior.  

5. CONCLUSION 

This research examines the hypothesis of 

convergence in per capita health expenditures across 

countries. Per capita health expenditure data collected 

for 22 OECD countries are analyzed using panel unit 

root tests. The nonlinear asymmetric heterogenous 

panel unit root test methodology applied in this paper 

makes two main contributions to the literature on health 

expenditure convergence. Firstly, the Sieve bootstrap 

method developed by Chang (2004) is implemented to 

remedy the problems regarding cross-sectional 

dependency in a panel context. Secondly, it also allows 

for asymmetric nonlinear mean reversion. The null 

hypothesis of a unit root cannot be rejected by linear 

panel unit root test which indicates that countries as a 

panel do not converge to OECD mean. On the 

contrary, when the nonlinear symmetric and 

asymmetric panel unit root tests (UO and EO tests 

respectively) are employed, countries are found to be 

converging as a panel. The nonlinearity in health 

expenditure series can be explained by a theoretical 

justification. It is likely that income convergence exhibit 

nonlinearity (Datta 2003) and there have been studies 

considering nonlinear dynamics in income (Chong et al. 

2008; King and Ramlogan-Dobson 2011; Nyong and 

Omobitan 2013). Since the national income and health 

expenditures are strongly correlated, it can be stated 

that health care expenditure series can also follow 

nonlinear path. In addition, as stated in Lau et al. 

(2014) 10 EU countries, which are also included in this 

study, exhibit nonlinear dynamics and linear unit root 

tests have low power to differentiate between 

nonlinearity (e.g. due to structural break) and non-

convergence.
4
 Hence, nonlinearity seems to be a 

plausible assumption for the health expenditure series. 

Therefore, different conclusions obtained from IPS test 

and the other two tests (UO and EO tests) can be 

explained by the differences in the underlying 

assumptions of the test statistics. That is, taking into 

account nonlinearity using UO and EO tests reveals the 

convergence behavior in the series as a panel. 

In order to differentiate between stationary and non-

stationary series, the SPSM procedure is employed for 

both UO and EO tests. Application of this procedure for 

UO test indicates that only one country converges 

towards OECD average while when the same 

procedure is applied for EO tests, 4 more countries are 

found to be converging. Therefore, incorporating 

asymmetric behavior via EO test provides us a way to 

uncover additional converging countries. In addition to 

these, presence of asymmetric behavior in the series 

are shown by the individual asymmetry test results. 

                                            

4
Those countries are Austria, Belgium, Denmark, Finland, Ireland, Netherlands, 

Portugal, Spain, Sweden and the UK. 
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Even if the results do not give strong support of 

convergence for all countries, taking asymmetry into 

account seems to be the most suitable approach to 

analyze convergence in health expenditures. Thus, in 

order to designate a health policy target, countries 

should take into account the findings from 

methodologically correct studies. There can be several 

reasons for not finding a strong evidence of 

convergence for all countries using EO test. As 

indicated by Alcalde-Unzu et al. (2009), disparities in 

health expenditures across OECD countries can be 

explained by the differences in labor productivity and 

share of GDP devoted to health expenditures. In 

addition, healthcare provision measured by health 

employment, medical equipment and hospital beds 

vary across EU member countries (Montarani and 

Nelson 2013), some of which are also included in this 

research.
5
 Similarly, 11 countries that are examined in 

this paper and also EU members have different 

adaptation levels of healthcare policies leading to 

differentials in progress in implementation (Spencer 

and Walshe 2009).
6
 This may imply that a much longer 

period of time is needed to observe convergence 

across countries examined in this paper. 

The findings of this research also suggest some 

policy implications regarding health expenditure 

convergence across countries. Demographic change, 

especially population aging, result in varying levels of 

health expenditures both within and between nations 

and so it is a key tool for the health policy makers to 

adapt new strategies considering demographic 

differences. Health care spending is one of the major 

item in public spending and so it creates a pressure in 

government budget (Docteur and Oxley 2003; OECD 

2010). Not only aging population but also rising health 

care prices and high-cost medical technology are 

boosting health care budget (OECD 2010). Increase in 

health care spending may lead to decrease in spending 

in elsewhere in the economy such as education and 

other social services. This fear of increased health 

spending may preclude convergence across countries. 

Thus, instead of pouring money into health aimlessly, 

the policy makers should focus on ways to increase 

efficiency of health care system within a country. More 

effective and efficient health care system might be 

                                            

5
They are Austria, Belgium, Denmark, Finland, Germany, Ireland, Netherlands, 

Portugal, Spain, Sweden and the UK. 
6
The countries are Austria, Belgium, Denmark, Finland, Germany, Ireland, 

Netherlands, Portugal, Spain, Sweden and the UK. 

achieved through improving quality of health care 

systems. For example, several countries including 

Austria and Finland should focus on quality out-patient 

sector for efficiency (OECD 2010). However, efficiency 

gains through health outcomes differ across OECD 

countries. While Germany, the UK and the US can 

improve health outcomes by exploiting efficiency gains 

in health sector, majority of OECD countries still need 

to increase health spending to achieve better health 

outcomes (OECD 2010). To sum up, there is no health 

care system that fits to all OECD countries. Therefore, 

in order to have consistent health policies across 

OECD members, policy makers should adapt best 

approaches available among different health care 

systems existing in OECD countries (OECD 2010).  

Achieving convergence across countries can 

promote economic growth by encouraging countries to 

make expenditures on health care in a cost effective 

way. Investment on medical technology, for instance, 

increases when the countries grow. At the same time, 

countries can promote healthy workforce by reducing 

the incidence of diseases through medical 

improvements. Therefore, increasing government 

spending on health care through medical technology 

can increase productivity and promote economic 

growth. Furthermore, in Grossman (1972) model an 

individual is assumed as both the consumer and the 

producer of health. This makes health a consumption 

good that gives direct satisfaction to individuals and an 

investment good that promotes healthy time which 

increases productivity as well. Hence, any government 

policy on health (e.g. reducing queuing time) affects the 

utilization of health care by consumers and so the 

health expenditures. Eventually, productivity and 

economic growth can be improved with the government 

policies.  
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