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Abstract

This paper breaks down public health expenditure in its drivers for European Union countries.
Baumol's "unbalanced growth model" suggests that low productivity growth sectors, such as
health services, when facing an inelastic demand curve result in a rising expenditure-to-GDP
ratio. Although national income and relative prices of health services are found to be important
determinants of public health expenditure, significant residual growth persists, inter alia,
reflecting the impact of omitted variables, such as technological progress, and policies and
institutions. Consequently, in order to obtain sensible long term projections, it is necessary to
make (arbitrary) assumptions on the future evolution of a time drift/residuals.
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1. Introduction

During most of the second half and especially the last decades of the 20™ century, public
health expenditure (HE) has been growing faster than national income (Maisonneuve and
Martins, 2006).* Typically, population size and the age structure, health status, income, health
technology, relative prices, and institutional settings have been advanced as explanatory
factors. Empirical studies show that demographic factors, such as population ageing, have had
a positive effect on expenditure growth, but rather of a second order, when compared with
other drivers, such as income, technology, relative prices and institutional settings (European
Commission, 2012).

According to Maisonneuve and Martins (2006), public HE (and long-term care expenditure)
as a share of GDP grew by some 50% between 1970 and the early 1980s in the OECD area.
The rapid increase in expenditure during the 1970s reflected the broadening of insurance
coverage in most countries. According to Clements et al. (2012), public HE in advanced
countries has been characterised by short periods of accelerated growth followed by periods
of cost containment (Docteur and Oxley, 2003). Cost containment policies have been
implemented mainly through macroeconomic mechanisms, such as wage moderation, price
controls and the postponement of investments. Consequently, growth in public HE as a
percentage of GDP decelerated over the 15-year period from 1975 to 1990, although private
expenditure on health started to accelerate in the early 1980s.

Graph 1 - Evolution of public health expenditure (1972—2010).2
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Source: Own calculations based on SHA and national data.
Note: Non-weighted average of available EU-27 countries over the entire period plus Norway, namely AT, DE, DK, ES, FI, PT, SE, UK, and NO.

Maisonneuve and Martins (2006) argue that public containment policies cannot be sustained
for long periods, inter alia, because wages have to attract young and skilled workers for the

! The cut-off dates for health care expenditure data included in this paper are November 2012 and January 2013, therefore 2010 is usually
the last year covered by the analysis. Using preliminary estimates for 2011, Morgan and Astolfi (2013) suggest that as a result of the global
economic crisis which began in 2008, health expenditure slowed markedly or fell in many OECD countries recently after years of continuous
growth.

2 Data in levels are adjusted for structural breaks using a procedure suggested in Joumard et al. (2008), namely the average growth rate of
spending over the past five years is used to project spending growth in a break year.



health sector, while controlling prices is challenging in the presence of rapid technological
progress, and equipment also has to be renovated. Thus, after a long period of cost
containment, the growth of public HE picked up after the turn of the century.®

Baumol's (1967) seminal "unbalanced growth model™ provides a simple but compelling
explanation for the observable rise in HE in the last decades. This model assumes divergent
productivity growth trends between "stagnant” (personal) services and a "progressive™ sector
(e.g. manufacturing and agriculture). Due to technological constrains (e.g. difficulty in
automating processes), productivity growth is largely confined to the "progressive” sector.
Assuming that wages grow at the same rate in the "stagnant” and "progressive" sectors of the
economy, then unit labour costs and prices in the "stagnant™ sector will rise relative to those in
the "progressive™ sector. What will happen to the demand for "stagnant™ sector products
depends on their price elasticity. If it is high, such activities will tend to disappear (e.g.
craftsmanship), but if those products are a necessity with low price elasticities (e.g. health,
education), their expenditure-to-GDP ratios will trend upwards (Hartwig, 2011a; Baumol
2012).

In this context, it is important to disentangle the factors driving expenditure growth, notably
the relative importance of demographic versus non-demographic ones. The literature
accounting for HE growth is similar to the economic growth literature, namely it identifies a
series of factors, assessing by how much they account for the change in total expenditure
(Newhouse, 1992). Results of HE breakdowns, using accounting methods, can then be
compared with those obtained using regression analysis (e.g. Maisonneuve and Martins,
2013).

Following analytical work carried out for the 2009 Ageing Report (Dybczak and Przywara,
2010), this note reassesses the impact of non-demographic drivers (NDD) on HE growth. The
literature has identified the following main drivers of HE: income, demography, technology,
health policies and institutions, and the low productivity growth of health services compared
to "progressive™ sectors in the economy (i.e. Baumol's "cost-price disease" effect).

The impact of NDD dominates. On average, only approximately 1/10 of the increase in public
HE-to-GDP ratios is explained by changes in the age distribution of the population. The
remaining 9/10 is attributable to the combined effect of NDD, including rising national
incomes, technological progress, the Baumol effect, and health policies and institutions
(Maisonneuve and Martins, 2006 and 2013).

As in Clements et al. (2012), this note uses panel regression techniques to estimate the impact
of NDD on HE. NDD is defined as the excess of growth in real per capita HE over the growth
in real per capita GDP, after controlling for demographic change. Common* income and price
elasticities of HE are also estimated.”

Panel regressions are run using either data in growth rates or in levels, and assuming
country-fixed effects. Regressions in levels require assuming that expenditure, income and
demographic variables are co-integrated, and estimating the speed of convergence to the long
term equilibrium.® Data on public HE are primarily taken from the System of Health
Accounts (SHA) as provided by the OECD and Eurostat, and if necessary supplemented by

3 Over the years a variety of "cost containment" techniques have been tried. On balance, these techniques appear to have been beneficial, but
they have had primarily a once-and-for-all effect on the expenditure level, leaving the steady state rate of change little affected (Newhouse,
1992).

4 "Average" values across countries.

5 However, the estimated common income elasticity of HE should be taken with some care, because some missing variables (e.g.
technology/quality) might bias estimates (see Box 1).

®or equivalently, the reabsorption speed of deviations of HE from their long term levels.



national data sources.’ This paper tests the relevance of Baumol's "unbalanced growth model"
using macroeconomic panel data. Ultimately, regression estimates based on the growth rate
model specification are used to build a number of long term projection scenarios (up to 2060)
for the HE-to-GDP ratio.

The paper is organised as follows. First, an overview of the relevant literature on the main
drivers of HE is provided. Second, the data, equation specifications, and regression methods
are discussed. Third, country-specific estimates of NDD are calculated, together with a
comprehensive sensitivity/robustness analysis of outcomes according to various equation
specifications. Westerlund's (2007) panel tests are used for the co-integration of HE, national
income, relative prices of health services, and demographic composition variables. Fourth,
tests are carried out to assess the relevance of Baumol's "unbalanced growth model", using
panel macroeconomic data. Fifth, projection scenarios for the HE-to-GDP ratio, using growth
rate equations, are presented up to 2060 and compared with projections calculated using
different/alternative methodologies presented in the empirical literature.

2. Drivers of health expenditure (HE) — overview of the literature

Growth in HE depends on a variety of demand and supply related factors. Population size and
the age composition, income, medical technology, relative prices, insurance coverage, and
health regulations and policies have been probably the most prominent determinants of HE
studied in the literature so far.

Demographic factors

Population size and structure

Expenditure on health naturally depends on the number of people in need of health care. This
is determined by factors such as population size and the age composition. Expenditure is
perceived to increase considerably at older ages, as elderly people often require costly
medical treatment due to multi-morbidities and chronic illnesses. Improvements in
life-expectancy may therefore lead to increases in health expenditure if not accompanied by
improvements in health status.

Health status

However, the relation between life-expectancy and health expenditure is more complex,
because it is also influenced by proximity to death. According to the “red herring” hypothesis
(Zweifel et al., 1999), age and HE are not related once remaining lifetime (proximity to death)
is taken into account. Zweifel et al. (1999) show that the effect of age on health costs is not
relevant during the entire last two years of life, but only at the proximity of death does HE
rises significantly. Therefore, improvements in life-expectancy due to decreases in mortality
rates may even reduce expenditure on health. Empirical studies have partially confirmed this
hypothesis.® When controlling for proximity to death, age per se plays a less important role in
explaining health expenditure increases.

The extent to which living longer leads to higher costs seems to depend largely on the health
status of the population. If rising longevity goes hand in hand with better health at older ages,
health needs will decline and this may drive down health expenditure (Rechel et. al. 2009).
Three competing hypotheses have been proposed for the interaction between changes in
life-expectancy and the health status. According to the “expansion of morbidity hypothesis”,
reductions in mortality rates are counterbalanced by rises in morbidity and disability rates

" Public HE is defined by the "core" functional components of health (SHA categories HC.1 — HC.9), including capital investment in health
(HC.R.1). Note that the OECD prefers using current (and not total) public HE (Mainsonneuve and Martins, 2013).
8 For an overview of the literature see Karlsson and Klohn (2011).



(Olshansky et al., 1991). The "compression of morbidity hypothesis” claims that bad health
episodes are shortened and occur later in life (Fries, 1989). The "dynamic equilibrium theory"
suggests that decreases in mortality rates and in the prevalence of chronic diseases are broadly
offset by an increase in the duration of diseases and in the incidence of long term disability
rates (Manton, 1982). There is so far no empirical consensus on which of these three
hypotheses is better equipped to explain HE developments.®

Non-demographic factors

Income

Income is another key determinant of health care costs (Gerdtham and Jonsson, 2000). A
priori, it is unclear whether health expenditure is an inferior, a normal or a superior good, i.e.
is the income elasticity of health demand lower, equal or higher than 1? As in the EU a high
share of health expenditure is covered by public health insurance schemes, the individual
income elasticity of demand is low. At the same time, increases in insurance coverage have
strengthened the link between national income and aggregate demand for health services,
through the implicit softening of budgetary constraints. In fact, income elasticity tends to
increase with the level of aggregation of the data, implying that HE could be both "an
individual necessity and a national luxury" (Getzen, 2000). Maisonneuve and Martins (2006)
suggest that high income elasticities (above one) often found in macro studies may result from
the failure to control for price and quality effects in econometric analysis. More recent
studies, tackling some methodological drawbacks of previous ones (e.g. related to omitted
variables and/or endogeneity bias), estimate income elasticities of health demand of around
one or below (Freeman, 2003; Azizi et al., 2005; Acemoglu et al., 2009).*

Acemoglu et al. (2009) attempt to estimate the causal effect of aggregate income on aggregate
health expenditures in (Southern) United States regions. They instrument local area income
with the variation in oil prices weighted by oil reserves. Their central estimate for the income
elasticity is 0.7, with a maximum bound at the 95% interval of 1.1. This result is robust to
different specifications with the income elasticity being almost always below one.
Consequently, income increases are unlikely to be a primary driver of the increase in the
health share of GDP. Their analysis also indirectly suggests that rising incomes are unlikely to
be the major driver of medical innovations either. An interesting possibility is that
institutional factors, such as the spread of insurance coverage, have not only directly
encouraged spending but also induced the adoption and diffusion of new medical technologies
(Acemoglu and Finkelstein, 2008).

Technological advances in medical treatments

In the past decades, health expenditure has been growing much faster than what would be
expected from changes in demography and income alone. Many studies claim that the gap is
filled by technologic advances in the health sector. Innovations in medical technology allow
for expanding health care to previously untreated medical conditions and are believed to be a
major driver of health expenditure. Smith et al. (2009) suggest that between 27% to 48% of
health expenditure since 1960 is explained by innovations in medical technology. Earlier
studies estimated that about 50% to 75% of increases in total expenditure were driven by
technology (Newhouse, 1992; Cutler, 1995; Okunade and Murthy, 2002; and Maisonneuve
and Martins, 2006).

Cutler (2005) argues that technological advances in medical sciences have generated both
far-reaching advances in longevity and a rapid rise in costs. Chandra and Skinner (2011)

% See for e.g. the Global Forum for Health Research (2008).
19 Eor a review of the literature on income elasticity estimates see Annex 3 in Maisonneuve and Martins (2013).



attempt to better understand the links between technological progress in health care and its
impact on costs and the effectiveness of treatments. They rank general categories of
treatments according to their contribution to health productivity, defined as the improvement
in health outcome per cost. Within a model framework, they propose the following typology
for the productivity of medical technology: firstly, highly cost-effective innovations with little
chance of overuse, such as anti-retroviral therapy for HIV; secondly, treatments highly
effective for some but not for all (e.g. stents); and thirdly, "grey area" treatments with
uncertain clinical value such as ICU days among chronically ill patients.

Relative prices

Baumol (2012) forcefully restates his well-known thesis that because in personal services
industries (e.g. health, education, life performing arts) automation is not generally possible,
labour-saving productivity improvements occur in those industries at a considerably slower
pace (or only sporadically) and below the average rate for the whole economy. As a result,
costs and prices in personal services industries, such as in health, increase at a faster pace than
the average inflation rate in the whole economy, leading to a significant and enduring long
term trend rise in the corresponding expenditure-to-GDP ratios for those industries facing an
inelastic demand curve.

Using US data, Nordhaus (2008) confirmed Baumol's hypothesis of a "cost-price disease” due
to slow productivity growth in labour intensive sectors, namely industries with relatively low
productivity growth (“'stagnant industries™) show percentage-point for percentage-point higher
growth in relative prices. Using a panel of 19 OECD countries, Hartwig (2008) finds robust
evidence in favour of Baumol's hypothesis that health expenditure is driven by wage increases
in excess of productivity growth in the whole economy.

Baumol (1967, 2012) highlights the major implication resulting from the fact that some of the
industries most affected by the "cost-price disease” greatly impact on society's welfare, such
as health, education, justice, policing, fine-arts, etc. Persistent rises in the relative prices of
such activities, which are inherent to a process of "unbalanced growth", where labour-saving
innovations are difficult to come about in "stagnant” sectors, tend to strain both household and
government budgets, potentially resulting in a decline in the quality and/or quantity of
(public) provided products and services and/or in their becoming inaccessible to less-favoured
groups.™ This state of affairs threatens to create both private affluence and public squalor
(Galbraith, 1998). It will also require a gradual shifting of economic resources to activities,
such as health and education, which in European countries are mostly financed through
taxation.

Regulations

Another important dimension of public health expenditure is the regulatory settings and
policies on the provision and financing of expenditure. Regulations may set budgetary
constraints, define the extent of public health coverage, and provide behavioural rules and
incentives for providers and payers aimed at the financial or medical quality of outcomes.
Clements et al. (2012) suggest that reliance on market mechanisms? and the stringency of
budgetary caps on expenditure are negatively related to public expenditure growth on health,

11 Freeman (2013) makes a similar point: "If ...the observed increasing share of HE in total expenditures is driven more by cost factors, with
upward shifting supply and price-inelastic demand, the questions of affordability and access become more important to policy makers."

In Jekner et al. (2010), "market mechanisms" is a factor score resulting from a principal component analysis of 20 qualitative policies and
institutions' indicators presented in Joumard et al. (2010). The "market mechanisms" factor score is mainly characterised by the following
indexes: i) "private provision" of health (breakdown of physicians and hospital services according to their nature i.e. public or private); ii)
"user information” (on quality and prices of various health services); iii) “choice of insurers" (in case of multiple insurers: the ability of
people to choose their insurer); and iv) “insurer levers" (insurers' ability to modulate the benefit basket).



while intensity of regulations and degree of centralisation are positively related to public
expenditure growth on health.

3.The methodology
3.1.The data

Data on public HE are primarily taken from the System of Health Accounts (SHA) as
provided by the OECD and Eurostat, and if necessary supplemented by national data
sources.'® The dataset covers 27 EU Member States** and Norway. For some Member States,
data series are available since the mid-1970s (see Table 1),** although time coverage is
unbalanced across countries. Data were collected between November 2012 and January 2013,

thereby not including 2011 SHA data.'®

Table 1 — Adjusted Public Expenditure on Health (1960-2010)
Percentage of GDP, adjusted for structural breaks

Number of 1960 1970 1980 1990 2000 2010 1960-2010 1970-2010 1980-2010 1990-2010 2000-2010

observations Differences
at 51 3.6 3.9 6.1 6.1 7.6 8.4 4.8 4.5 2.3 2.2 0.8
be 16 7.1 8.0 0.9
bg 18 5.2 3.7 4.2 a) -1.0 0.5
cy 19 2.4 3.3 0.9
cz 21 3.9 5.8 6.3 2.4 0.5
de 41 5.8 8.7 8.3 8.3 8.9 3.1 0.2 0.6 0.6
dk 40 7.9 6.9 7.3 9.5 1.6 2.6 2.2
ee 16 4.1 5.0 0.9
el 26 2.3 3.3 3.6 4.8 6.1 3.8 2.8 2.5 13
es 40 4.3 5.2 5.2 7.1 2.8 1.9 1.9
fi 52 1.7 3.3 4.0 5.1 5.1 6.6 5.0 3.3 2.6 1.6 1.5
fr 21 7.4 8.0 9.0 1.6 1.0
hu 20 5.1 5.0 0.0
ie 25 4.3 4.6 6.4 2.1 1.8
it 23 6.1 5.8 7.4 13 1.6
It 19 3.0 4.5 5.6 c) 2.6 1.1
lu 35 5.6 5.8 6.4 6.6 c) 1.0 0.8 0.3
v 17 2.5 3.2 4.1 b) 1.6 0.9
mt 15 4.9 5.8 c) 0.9
nl 38 5.1 5.3 5.0 7.4 ) 2.3 2.1 2.4
pl 21 4.4 3.8 5.0 0.6 1.2
pt 41 1.6 3.6 4.0 6.2 7.1 5.5 3.5 3.0 0.9
ro 23 2.9 3.6 4.5 c) 1.6 0.9
se 41 5.7 8.1 7.2 6.9 7.7 2.0 -0.3 0.5 0.8
si 21 5.6 6.1 6.6 1.0 0.5
sk 16 4.9 5.8 0.9
uk 39 4.6 4.6 5.5 8.0 3.4 3.4 2.5
no 52 2.0 3.5 5.2 5.8 6.4 7.8 5.8 4.2 2.6 2.0 1.4
Total 807

Source: Own calculations based on SHA and national data.
Notes: In general, latest available data are from 2010, except: a) from 2007, b) from 2008, and c) from 2009.

Using the information on breaks of series included in the dataset,*’ this paper follows the
procedure suggested in Joumard et al. (2008) to adjust for structural breaks in the data,
namely the average growth rate of expenditure over the past five years is used to project

13 public HE is defined by the "core" functional components of health care (SHA categories HC.1 — HC.9), including capital investment in
health (HC.R.1).

Yey composition prior to Croatia's accession on 1/7/2013.

15 bata for 11 countries are available since the mid-1970s, namely for AT, DE, DK, ES, FI, LU, NL, NO, PT, SE, and the UK.

16 As regards regression analysis, exclusion of 2011 data is not expected to change significantly the results. Recall that regressions are also
estimated excluding the most recent years in the dataset (2009 and 2010) to check for the overall robustness of results.

17 Information on breaks exists for AT, BE, CZ, DE, DK, EE, EL, ES, FI, FR, HU, IE, IT, LU, NL, NO, PL, PT, SE, SI, SK, and the UK.



expenditure growth in a break year. Level corrected variables are used to calculate adjusted
GDP ratios and estimate regressions in levels (i.e. assuming co-integration).

The following variables are used in all estimated regressions. The relative price index for
health services (p = Z—’;) is the ratio of the health price deflator (p,,) over the GDP deflator
(py). Nominal public health care expenditure and nominal GDP are deflated using,
respectively, the health price index and the GDP deflator with base year 2005, and then
converted for the same year using purchasing parity standards (PPS).'®* GDP data (real and
nominal), wages and CPI indexes, and PPS are all taken from the European Commission's

Ameco database, and population data from Eurostat.

Given the strong evidence suggesting that relative prices of health services have been
increasing on a regular basis, it is important to include information on health prices in the
regression specifications. Maisonneuve and Martins (2013) use the value-added deflator in the
Health and Social Work sectors, taken from the OECD STAN database. Unfortunately for the
purposes of this analysis, the geographical coverage of the STAN database is very limited.*

Using the OECD STAN database for the seven European countries for which long term series
are available, Graph 2 suggests a clear upward trend in relative prices of health services over
the last four decades.

Graph 2 - Relative prices of health services (index 2005=100)
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over the GDP deflator (Ameco).

Elk et al. (2009) methodology to construct a price index for health services using macro data
for wages and prices (the overall consumer price index) is applied in the following way:

18 The same procedure was followed in Gerdtham et al. (1995) and Barros (1998). For example, the dependent variable (real per capita HE)
is valued at constant 2005 prices (in national currency using p;, as deflator) and then converted in PPS for 2005.

10 Using the OECD STAN database, health prices indices can be obtained for only 13 European countries: AT, BE, CZ, DE, DK, Fl, FR,
HU, IT, NL, NO, SE, and SI.



P, =W?xCPI*? (1)

where the price of health services (P,) is a weighted average of wages for the whole economy
(W) and overall consumer prices (CPI). The latter is used because the health sub-component
of Eurostat's HCPI is only available since 1996. The weights (¢) are country-specific and are
calculated using national accounts input-output tables.

_ WH+2/3xIC
p = il @)
where IC and X are total intermediate consumption and total production, respectively, in the
Human Health Activities sector of national accounts data (Eurostat). Thus, the weight is
defined as the compensation for employees in the health sector plus the estimated
compensation for employees in the intermediate consumption part (using for the latter an
estimated wage share of 2/3) divided by total production.

The proxy price indices for health services built using (1) and (2) closely follow those taken
from the OECD STAN database (Graph 3).

Graph 3 — Comparing health prices indices (index 2005=100).
- OECD STAN versus a proxy based on aggregate Ameco data and input-output national accounts data (Eurostat) -
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3.2. Regression equations

The analysis carried out in this section estimates regressions with total (current and capital)
public HE as the dependent variable to obtain income and price elasticities of health
expenditure. These elasticities are later used to project future HE-to-GDP ratios. The choice
of total public HE as dependent variable reflects the "practical” nature of our problem: we
want to build a methodological framework to project long term public HE.

As discussed above, the key determinants of HE are income levels, the Baumol relative prices
effect, demographic composition, technological advances, health policies and institutions, and
other country-specific factors (e.g. health behaviour, environment, education).

As a starting point, the following generic dynamic equation expressed in levels is considered,
which is typical of this literature (e.g. Smith et al. 2009). In the presence of co-integration, it
allows to derive the long-term relationship (LTR) and estimate an error correction model
(ECM). The latter allows for checking whether there are significant dynamics in the data that
correct for imbalances i.e. to estimate the speed of reabsorption of disequilibria.?

logh;e = ag + a’ *t + u; * t + Dgs * t+p; = logx;, + B, *logy; ¢ + B3 *logp;,
+B4 *1logh; 1 + Ps *1ogx;t—1 + B¢ ¥ 108 yir—1 + B7 *10g Di -1 (3)

where h; is real per capita public expenditure on health in country i and year t; x; , reflects the
demographic structure®’; i is real per capita GDP; pji is the relative prices of health
services;” ! denotes country fixed effects; and Dgs is a dummy variable that denotes a
common shift in the growth rate of per capita expenditure after 1985.%

Assuming co-integration, the LTR can be derived as:

logh;y = ag+a*t+u;xt+Dgs*t+axlogx;, +bx*logy;, +cx*logp;¢ + EC;, 4
with
B1t+Ps B2+Be B3+ ag a’ 1 Dgs .
=—=—=,b="—c=",aqy=—- ;a= s M =—= ; Dgs = ; and
1-B4 1-B4 1-B4 0 1-B4 1-B4 Hi 1-B4 85 1-PB4

EC; ;. is the error correction term which is assumed to be stationary.

The corresponding ECM is:

Alogh;e = ¢ + [y * Alogx;. + [, * Alogy¢ + B3 * Alogpy, + 6 * EC;_y (5)
with

c=a' +p+Dgs; 6 =—(1—p3) <0

Assuming co-integration, equation 4 can be estimated using either ordinary least squares
(OLS) or instrumental variables methods (IV). IV may alleviate the problem of potential

20 Eor practical/feasibility reasons the reduced form equation (3) ignores two-way causation effects between economic growth and health.
Within a neo-classical growth model, Barro (1996a) proposes a framework that considers the interaction between health and economic
growth, obtaining positive synergies. Better health tends in various ways to enhance economic growth, whereas economic advance
encourages further the accumulation of health capital. Using a panel of around 100 countries from 1960 to 1990, Barro (1996b) finds strong
support for the general notion of conditional convergence, including a positive impact of life-expectancy on the GDP growth rate. Overall,
empirical results suggest a significantly positive effect on growth from the initial human capital stock in the form of better health.

Two strategies are used in the regressions to capture the demographic structure of the population. A first strategy is to use the fraction of
the population below 16 (young population ratio), and the fraction of the population above 65 (old population ratio). The second strategy is
to use the average age of the population. Results are only reported for the first strategy.

22 Relative prices (p = ‘;—“) is the ratio between the price of health services (pn) and the GDP deflator (py).

y

Instead of using the relative prices variable (p), regressions are also estimated (directly) using health prices (pn) and the GDP deflator (py).
The two approaches are equivalent, if in the regressions that use the two price variables {pn, p,}, their coefficients sum to zero. This
condition is tested using a Wald test (see Tables 6 and 7). Usually, and more specifically for the regressions that assume co-integration (i.e.

in levels), the null hypothesis that the two price coefficients sum to zero cannot be rejected.
2 The dummy variable is statistically significant in regressions with variables in growth rates.
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endogeneity of the income variable, using as instrument its lagged values.? In equation 5 of
the ECM, the crucial parameter to be estimated is 6, which should be negative, giving the
speed of convergence of deviations of per capita HE to long term values.

Conversely, if the variables are not co-integrated, but are first order integrated (i.e. 1(1)), the
first difference of equation 4 should be estimated instead, namely: %

Alogh;; = a + u; + Dgs + a * Alogx; + b * Alog y;  + ¢ * Alogp;+ + €&/, (6)
where A is the first difference operator (i.e. Az; = z; — z;_1).

Equation 6 assumes that real per capita growth in public HE (h; ;) is a function of a common
growth rate across all countries (a); a country-specific growth rate differential (i.e. country
fixed effects: y;); a period dummy (Dgs), signalling a common shift in the growth rate after
1985; real per capita GDP growth rate (y;,); relative prices of health services (p;.); and a
population composition effect (x; ). The common growth rate (o) and country-fixed effects
(u;) capture time-invariant factors, such as institutional settings, and national idiosyncrasies.

It should be noted that relevant aspects, such as medical technology or quality are not
considered in the analysis due to limited data coverage and theoretical concerns.?
Consequently, estimates may be affected by "omitted-variable™ bias, which is not possible to
"sign" a priori however (Box 1). Ultimately, it can be argued that the presence of biases in the
estimates might not be so problematic, because our objective is not to estimate “pure”
elasticity effects (e.g. an income Engel curve), but to produce a "sound" methodology for
projecting HE.

Summarising, econometric regressions are run using models with variables expressed either in
levels (equation 4), which assumes that variables are co-integration, or in growth rates
(equation 6), which assumes that variables are first order integrated (i.e. 1(1)), but are not
necessarily co-integrated.

3.3. Non-stationarity (unit roots) and co-integration

A major subject of the literature on health economics is the relationship between HE and
GDP. In spite of their strong positive correlation, it is possible that it results from the
non-stationarity (i.e. unit roots) of the respective time series, rather than being evidence of a
“true" economic relationship.?’

Using country-specific tests, Hansen and King (1996) found that two-thirds of the variables
tested (per capita real HE and GDP) had unit roots (i.e. were non-stationary in levels). Using
also country specific tests, Blomgvist and Carter (1996), Gerdtham and Lothgren (2000) and
Dybczak and Przywara (2010) found that HE and GDP generally had unit roots. Using panel
unit root tests, MacDonald and Hopkins (2002) and Okuande and Murthy (2002) found strong
evidence of unit roots for both HE and GDP, while Dybczak and Przywara (2010), using the
panel test allowing for individual unit roots proposed in Im et al. (2003), find that HE has a
unit root but rejected the unit root hypothesis for GDP.

2% Relative prices (p) are assumed to be exogenous, because the proxy variable being used (based on wages in the whole economy and CPI
inflation) can be treated as an exogenous regressor.

Note that nobody has ever suggested that these series could be second order integrated or higher, thereby running regressions in growth
rates (i.e. in first differences) should be sufficient to avoid obtaining spurious results.

%6 Maisonneuve and Martins (2013) include a quality variable of health services by building a proxy that combines data on patents with
expenditure on R&D. The authors mention the near "heroic" nature of the assumptions needed to construct such variable.

2 1t is a well-known fact since the 1% half of the twentieth century that the correlation coefficient between unrelated non-stationary time
series tends to 1 or -1 as the length of time increases (Yule, 1926).

11



Applied to our dataset, the Phillips-Perron (1988) country-specific unit root test does not
reject the null hypothesis of a unit root for the logarithms of real per capita HE, real per capita
GDP, and relative prices of health services for most of the countries (Table 2).

Table 2 — The Phillips-Perron unit root test

HE GDP Rel. Prices
at 0.33 0.93 0.81
be 0.23 0.85 0.63
bg 0.84 0.29 0.53
cy 0.97 0.99 0.40
cz 0.04 * 0.01 *x 0.56
de 0.25 0.64 0.22
dk 0.92 0.85 0.05
ee 0.92 0.93 0.94
ie 1.00 1.00 0.86
it 0.75 0.99 0.00  ***
el 0.00 *k 0.48 0.35
es 0.19 0.71 0.00  **
fi 0.17 0.70 0.75
fr 0.82 0.79 0.02 *
hu 0.61 0.75 0.83
It 0.95 0.06 0.97
lu 0.09 0.83 0.97
Iv 0.24 0.03 * 0.00  ***
mt 0.97 0.48 0.93
nl 0.63 0.79 0.00  **
no 0.86 1.00 0.95
pl 0.56 0.00 *x 0.94
pt 0.79 0.89 0.21
ro 0.09 0.07 0.55
se 0.01 ok 0.13 0.98
si 0.22 0.12 0.10
sk 0.82 0.57 0.30
uk 0.63 0.59 0.93

Note: The values represent p-values of the null hypothesis (Ho) that the series has a unit root.
The Hy is rejected if the p-value is smaller than or equal to the significance level chosen.
Legend: * p<0.05; ** p<0.01; *** p<0.001.

Recently, use of panel based tests has gained preponderance relatively to country-specific
ones for carrying out stationarity analysis. Panel data tests have a number of advantages,
namely controlling for time invariant country characteristics, and eventually providing more
powerful tests for the stationarity and co-integration of series.

In order to obtain more reliable evidence concerning the stationarity of the analysed variables,
panel unit root tests are used (Table 3). First, existence of a common unit root is tested using
the Im-Pesaran-Shin test. Second, a panel Fisher-type unit root test is calculated based on
country-specific Phillips-Perron tests. Based on the two panel tests, the hypothesis that all
GDP panels contain unit roots cannot be rejected. Results for HE are mixed, but the
hypothesis that all HE panels are stationary is rejected only at the 1% significance level in the

12



Im-Pesaran-Shin test. Based on the two tests, the hypothesis that all relative prices panels
contain unit roots is rejected.

Table 3 — Panel unit root tests

HE GDP Rel. Prices
Im-Pesaran-Shin 0.01 *k 0.58 0.00 **
Fisher chi-squared a)| 0.28 0.17 0.00 ol

Note: The values represent p-values of the null hypothesis (Ho) that all panels contain unit roots.
The Ho is rejected if the p-value is smaller than or equal to the significance level chosen.
Legend: * p<0.05; ** p<0.01; *** p<0.001.

Fisher-type unit root test based on Philips-Perron tests.

a) P-value based on the inverse chi-squared statistic.

Overall, the evidence seems to support the unit root hypothesis, but it is less conclusive on the
co-integration hypothesis. For example, Hansen and King (1996) find that country specific
tests rarely reject the null hypothesis of no co-integration, and Dybczak and Przywara (2010),
also using a country specific test, find that real per capita HE and GDP? are not co-integrated
in a number of countries. Conversely, using panel co-integration tests the evidence suggests
that HE and GDP are co-integrated (Westerlund, 2007).%

Following the outcomes of several studies, we assume that the logarithm of per capita HE h; ;
(deflated by health prices), the logarithm of per capita GDP y;, (deflated by the GDP
deflator), and the logarithm of the relative prices of health p; , are all 1(1). Furthermore, using
Westerlund's (2007) panel co-integration test (Table 4), we find that co-integration of these
three variables depends critically on adding or not a deterministic trend to the co-integration
relationship. However, even if a deterministic trend is excluded, consideration of a fourth
variable, representing the composition of the population, would lead us to accept the null
hypothesis of no-co-integration (results not shown).

Table 4 — Calculating Westerlung's ECM panel co-integration test

Deterministic trend
Excluded Included
r
(1) (2)
Statistic: Pa 1) -5.857 -4.84
P-value 0 1

1) Pa: Small sample panel statistic

Note: Ho: no co-integration.

Summarising, individual country-by-country tests do not provide evidence of the existence of
co-integration relationships for all countries, while tests based on panel co-integration appear
to be inconclusive, depending on the inclusion or not of a deterministic time trend.
Furthermore, demographic variables could not be included in the co-integration relationship.*

28 Both variables deflated using the GDP deflator.

% The literature concerned with the development of panel co-integration tests has taken three broad directions (Westerlund, 2007). A first
approach takes no co-integration as the null hypothesis. Tests within this approach are almost exclusively based on the methodology of Engle
and Granger (1987), whereby the residuals of a static (country-specific) least squares regression are subject to a unit root test. A second
approach is the basis of the panel co-integration tests proposed by McCoskey and Kao (1998) and Westerlund (2005), taking co-integration
as the null hypothesis. A third approach proposed by Westerlund (2007) tests the null hypothesis of no co-integration and are based on
structural rather than residual dynamics, and therefore do not impose any common factor restriction. The latter type of tests are panel
extensions of those proposed in the time-series context by Banerjee, Dolado and Mestre (1998).

%0 The limited reliability of co-integration tests might be due to the short duration of HE variables (Hewatz anf Theilen, 2002), together with
the presence of frequent structural breaks in the data that tend to limit their power (Clemente et al., 2004).
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3.4. Country-specific estimates of Non-Demographic Drivers (NDD)

The objective of this paper is to estimate the effects of non-demographic drivers (NDD) on
HE or equivalently average residual HE growth by country. Three indicators are calculated: i)
country-specific excess cost growth (C); ii) a common income elasticity (n); and iii) a
common price elasticity (y). Given the logarithmic specification of the regressions, the latter
two indicators are directly obtained from the estimates. In fact, while the excess cost growth
(C) is an "average" over the sample indicator, elasticity indicators are "marginal/point"
indicators.

Excess cost growth (C) estimates (or average residual estimates) are defined as:

Bhutlaz =0 _Apie Ay
htlax;e=0 " Pit “ Vit X Aloghytlax; =0 + L Alogp;r — X Alogy;¢

Cl - T; ~ T; (7)

with T; denoting the number of years of data available for country i.*

According to equation 7, (C) equals the difference between the (geometric) average growth
rate of estimated real per capita (public) HE, after controlling for the impact of demographic
composition, minus the (geometric) average growth rate of real per capita GDP. The
difference being expressed in GDP units.*?

Using (4) or (6), the (C) estimate (for the period after 1985) is:

1985+T; -1 1985+T; -1
Alogyit

C A i Alog p;
C,= @&+ I, + Dgs + (b — 1) 4 Zt=1985 — + (148 Li=1985 - 08 Dit ®)

i

with T;* denoting the number of years of data available for country i after 1985.

3 Atilde over a parameter means an estimated value.
%2 presence of the relative prices term is due to the fact that HE and GDP use different deflators.
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Box 1: Omitted-variable bias

Economic theory suggests that a quality index, representing technologic progress in the
field of medical sciences, ideally should also be included as a regressor in a HE equation
(Maisonneuve and Martins, 2013).

Suppose that the true HE model should be represented as:
he=axy +Bxpe+vy*z + € ()

where h; is real per capita HE; y, is real per capita GDP; p; are health services relative
prices; and z, is the "omitted" quality/technology variable. The expected signs of
parameters are: {a,y} > 0and B < 0. Note that all 3 correlations, involving the 3
regressors, should be positive.

However, suppose that data on z, are missing (or are of "poor" quality) and only the
following regression can (should) be estimated:

hy =ax*y,+p *p; + € (i)
Using equation (ii) and OLS to obtain income and price elasticity estimates, respectively
{&, B}, it can be shown (e.g. Maddala, 2001, pp. 160) that the expected estimation biases
are given by:

-1
1 Xt VPt Xt VeZt Xt V€t
a—a e ve? e ye? e ve?
E[A_ ]zy*E £t * E|>*°° + E| ™7 (iii)
:8 .3 Xt VPt 1 | Xt DtZt Xt D€t |
total bias Yt P2 k Xt D2 Xt pe?
| —— [ ——
omitted—variable bias endogeneity bias

where E is the expectation operator.

According to (iii) there are two possible sources of bias. The endogeneity bias only
occurs when {y;, p;} are endogenous i.e. correlated with the error term ¢,. In order to
address the latter we calculate IV estimates using as instruments for per capita GDP its
lagged value, and assuming that the variable used as a proxy for relative prices is
exogenous.

The remaining bias is due to the omitted-variable problem, and its sign is given by:

¢ YtZe _ Le YiPt Le PtZe
e vi? e vi? Zp pe?
¢ PtZe _ Le YiPe Lt YViZe

Zt pe? Zt yi? Zt pt?
?

(iv)

sign (E [05 - a]) = sign (y) = sign | E
B—pB —
?

The sign of the omitted-variable bias is undetermined, as the correlations between the
three regressors (second term in the right side of iv) are all assumed to be positive, and
therefore the sign of their differences is a priori unknown.
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3.5.Regression estimates

Provided that variables are co-integrated, both equations 4 and 6 can be estimated using either
ordinary least squares (OLS) or instrumental variables (IVV) methods i.e. regressions can be
estimated using variables either in levels or in first differences.

In case variables are not co-integrated but have unit roots, only equation 6 (in growth rates)
can be estimated, otherwise for example any (strong) positive correlation between (per capita)
HE (hi¢) and (per capita) GDP (y;) could be spurious.

Equations 4 and 6 are estimated using a pooled dataset. This is preferable to running
country-specific regressions due to severe data limitations for certain countries (Herwartz and
Theilen, 2002).

All considered, given the inconclusive nature of (panel) co-integration tests, which do not
appear to be robust to the specification used, together with our inability to include
demographic variables in the co-integration relationship, we prefer to use regressions in
growth rates (which also include demographic variables) for making HE projections.®
However, we will also present results obtained using regressions in levels (i.e. assuming
co-integration), for sake of completeness and sensitivity analysis.

Although co-integration tests suggest that demographic variables should not be included in
the co-integrating vector, regressions in levels are estimated both including and not
demographic variables, because our main objective is to estimate the impact of NDD on HE.
An error correction model (ECM) should also be estimated to check for the presence of a
significant adjustment mechanism, namely to see whether HE converges to its long term
equilibrium and in the affirmative case to estimate the speed of convergence.

33 The STATA programme is used.
%% 1t should be noted that regressions with variables in growth rates do not require corrections for breaks in series i.e. periods where there are
breaks are simply excluded from the estimation sample.
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3.5.1. Regressions in growth rates

For regressions with variables in growth rates, the analysis of the data suggests that there is a
wide dispersion in the growth rate of real per capita HE both across time and across countries
(Graph 4). The presence of outliers is clearly visible in Graph 4 and Table 5.

Graph 4 — Annual growth rate of (public) per capita HE35

| aiidiss %:% : @%% ?% !
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Source: Own calculations based on SHA and national data.
Countries sorted by increasing order of median values.

Using Cook’s measure of distance,*® the 10% more influential observations in the panel data
are identified, displaying both a higher mean and standard deviation (Table 5). Regressions
are carried out both including all data points and excluding the 10% more influential
observations, as the latter may represent outliers not representative of the "true™ relationship.
OLS and 1V regressions were also carried out because the per capita income regressor is
likely to be endogenous, using as instrument its lagged value.

Table 5 — Growth rate of real per capita public HE — breakdown using Cook's distance

Summary of the growth rate of real per
Type of capita public expenditure on health
observations Mean Std. Dev. Freq.
"Normal" 2.1% 3.5% 575
"Influential" 4.4% 14.1% 64
Total 2.3% 5.6% 639

Source: Own calculations based on SHA and national data.

* This boxplot summarises the distribution of the growth rate of real per capita public HE through five numbers: i) the lowest datum still
within 1.5 times the inter-quartile range; ii) the highest datum still within 1.5 times the inter-quartile range; iii) the lower quartile; iv) the
median, and; iv) the upper quartile. The inter-quartile range is the difference between the upper and lower quartiles and is considered to be a
robust measure of statistical dispersion. The presence of outliers is indicated by dots.

% Cook's measure of distance is a statistic of the effect of one observation simultaneously on all regression coefficients (Fox, 1991).
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Table 6 presents various regressions using data in growth rates (equation 6). Column 1
presents estimates of an OLS regression using all observations (after excluding break points).
The OLS regression in column 2 excludes the 10% more influential observations according to
Cook's measure of distance.

Table 6 — Regression estimates of real per capita public HE (variables in growth rates, equation 6)

Regressions oLS OLS \ v | \
r r r r
(1) (2) (3) (4) (4a)
excl. 10% more
All excl. 10% more All excl. 10% more |influential and
Variables observations influential observations influential 2009 and 2010
Constant 0.030*** 0.019*** 0.025** 0.01 | 0.006
Dummy 1985 -0.012 -0.008 -0.012* -0.008 -0.007
Per capita GDP (income elast.) 0.204* 0.204** 0.775 0.961*** | 0.838**
Relative prices (price elast.) -0.325* -0.144 -0.616*** -0.478* | -0.279*
Young population ratio 0.083 0.059 0.545 0.455* 0.413
Old population ratio 0.2 0.217 0.319 0.183 | 0.348
Country fixed effects |
be -0.003 0.010** -0.002 0.013*** 0.011**
bg -0.021*** -0.022%** -0.028*** -0.033*** | -0.031***
cy 0.027*** 0.020*** 0.039*** 0.037*** 0.036***
cz -0.013** -0.016** -0.008 -0.014** | -0.021%**
de -0.007 -0.001 -0.004 0.006 | 0.001
dk -0.011*** -0.009*** -0.008* -0.003 -0.002
ee -0.012* -0.003 -0.016* -0.013* | -0.022*
el 0.006 0.013* 0.01 0.019** | 0.021***
es 0.008* 0.013*** 0.012 0.019*** 0.019***
fi 0.005 0.006** 0.006 0.009** | 0.007***
fr -0.007 -0.001 -0.004 0.005 0.004
hu -0.025*** -0.030*** -0.022*** -0.024*** | -0.033***
ie 0.016*** 0.025*** 0.012* 0.016*** | 0.025**
it -0.004 0.002 0.001 0.011 0.01
It 0.025*** 0.023*** 0.029*** 0.025*** | 0.006
lu 0.001 -0.002 -0.003 -0.007*** | -0.009***
Iv 0.003 -0.004 0.013 -0.021** -0.01
mt 0.011 0.014* 0.016 0.023** | 0.023%**
nl 0.003 0.001 0.004 0.004 0.007
no 0.012%*** 0.018*** 0.009*** 0.015*** | 0.017***
pl 0.002 -0.001 -0.001 -0.008 | -0.005
pt 0.002 0.007 0.007 0.015** 0.015**
ro 0.015** -0.004 0.015** 0.009 | -0.009
se -0.007* -0.002 -0.007** -0.003 | -0.002
si -0.01 -0.003 -0.013* -0.003 -0.003
sk 0.001 0.010* 0.002 0.007 | 0.013
uk 0.013*** 0.018*** 0.014*** 0.020*** | 0.018***
Number of observations 620 563 614 557 I 513
R squared adjusted 0.032 0.089 . . | 0.008
Wald test (p-value) a) 0.1584 0.1015 0.049* 0.0122* | 0.2855

legend: * p<0.05; ** p<0.01; *** p<0.001

Source: Own calculations based on SHA and national data.

Note: The country dummy for AT was (arbitrarily) set to zero in all regressions for collinearity reasons.

a) Tests the null hypothesis (Ho) of equivalence between the estimated regression and an alternative specification where the relative prices variable is replaced by
two variables: health prices and the GDP deflator (results for the latter regression are not shown).
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The exclusion of outliers has a significant impact on the estimates, particularly on the price
elasticity, which falls (in absolute value) from 0.33 (regression 1) to 0.14 (regression 2).
Regressions 3 and 4 contemplate the possibility that per capita GDP is an endogenous
regressor, and use as instrument its lagged value. In addition, regression 4 excludes the 10%
more influential observations. IV regressions produce income and price elasticity estimates
considerably higher (in absolute value) than OLS estimates. Exclusion of outliers in the IV
regression increases the income elasticity from 0.78 (regression 3) to 0.96 (regression 4),
while the price elasticity falls (in absolute value) from 0.62 (regression 3) to 0.48 (regression
4). Given the apparent acceleration in HE in recent years (Graph 1), regression 4a excludes
2009 and 2010 from the sample and reruns regression 4. Exclusion of recent years has a
significant impact on the income elasticity, which declines from 0.96 to 0.84, and on the price
elasticity which falls (in absolute value) from 0.48 to 0.28.

An important point to note, with particular relevance when making HE projections, is the
presence of a (significantly) positive common time drift of a large magnitude in the estimates
i.e. "constant”, implying important expenditure growth "residuals”. The time drift possibly
captures the effects of omitted variables, inter alia, the historical broadening of insurance
coverage in health systems across European countries over recent decades, and technological
progress. To the extent that the former process is now largely completed, projections of HE
should use a dampened value of the time drift estimate.

For regressions using data in growth rates (Table 6), the introduction of a time dummy,
representing a common shift in the growth rate of HE in 1985, turns out to be negative but is
only statistically significant in regression 3. In line with Maisonneuve and Martins (2006),
this could be interpreted tentatively as evidence of a deceleration in the growth rate of HE,
following a period of rapid expansion due to the broadening of insurance coverage in most
countries.

Regressions are also estimated using the health price (py) and the GDP deflator (p,), instead
of using the relative prices variable (p = E—h). The two specifications are equivalent if the null
y

hypothesis that the coefficients of the two prices {py, py} sum to zero cannot be rejected.
According to a Wald test, regressions 3 and 4 are not equivalent (at 5%) to the corresponding
specifications that uses the two price indexes.
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3.5.2. Regressions in levels: long-term relation and ECM

Table 7 presents estimations for three regressions using variables expressed in levels
(equation 4). Data in levels are adjusted for structural breaks using the procedure suggested in

Joumard et al. (2008).*’

Table 7 — Regression estimates of real per capita public HE (variables in levels, equation 4)

Regressions oLS v | v
(5) (6) (6a)
| excl. 2009
Variables | and 2010
Constant -3.8e+01**  -3.1e+01* | -3.1e+01*
Per capita GDP (income elast.) 0.50689 0.66491** | 0.63600*
Relative prices (price elast.) -0.24469 -0.40918 -0.35823
Year 0.01786*** = 0.01599*** | 0.01587**
Year * dummy 1985 -0.00002 -0.00002 | -0.00002
Country fixed efects !
Year * be -0.00004 -0.00003 | -0.00003
Year * bg -0.00059** -0.00050** -0.00052**
Year * cy -0.00062***  -0.00059*** | -0.00060***
Year * cz -0.00023** -0.00019** | -0.00019*
Year * de 0.00004 0.00004* 0.00005*
Year * dk 0.00011***  0.00010*** | 0.00011***
Year * ee -0.00046***  -0.00039*** | -0.00040**
Year * el -0.00030***  -0.00027*** ' -0.00028***
Year * es -0.00023***  -0.00020*** | -0.00021***
Year * fi -0.00015***  -0.00014*** | -0.00014***
Year * fr 0.00004 0.00005* | 0.00005*
Year * hu -0.00032** -0.00026** | -0.00025*
Year *ie -0.00017***  -0.00017*** = -0.00017***
Year * it -0.00014***  -0.00012*** | -0.00013***
Year * It -0.00046***  -0.00039** | -0.00040**
Year * lu 0.00012 0.00007 0.00009
Year * lv -0.00057***  -0.00049*** | -0.00050**
Year * mt -0.00029***  -0.00024*** | -0.00025***
Year * nl -0.00010***  -0.00010*** | -0.00010***
Year * no -0.00003 -0.00004 | -0.00004
Year * pl -0.00050*** = -0.00042***  -0.00044**
Year * pt -0.00020** -0.00017** | -0.00017*
Year * ro -0.00063***  -0.00053** | -0.00054**
Year * se -0.00002 -0.00001 -0.00001
Year * si -0.00018** -0.00015* | -0.00015*
Year * sk -0.00037** -0.00031** -0.00031**
Year * uk -0.00011*** = -0.00010*** | -0. 00011***
Number of observations 671 665 |
R squared adjusted 0.96433 0.96593 0.96536
Wald test (p-value) a) 0.9608 0.7341 | 0.7295

legend: * p<0.05; ** p<0.01; *** p<0.001

Source: Own calculations based on SHA and national data.

Note: The country dummy for AT was (arbitrarily) set to zero in all regressions for collinearity reasons.

a) Tests the null hypothesis (Ho) of equivalence between the estimated regression and an alternative specification where the relative prices variable is replaced by
two variables: health prices and the GDP deflator (results for the latter regression are not shown).

37 Namely the average growth rate of spending over the past five years is used to project spending growth in a break year.
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According to a Wald test, in all co-integration regressions (5 to 6a), the null hypothesis that
the two model specifications (either with the relative prices variable or with the two price
indexes) are equivalent cannot be rejected.

Note again in all co-integration regressions, the large magnitude of the positive constant time
drift estimate (i.e. "year") and its high statistical significance, which would have important
consequences when making HE projections based on regressions in levels.

Table 8 — Estimation of the error correction model (equation 5)

Regressions OLS OoLS | OoLS
- -
(7) (8) | (8a)
excl. 2009
Variables | and 2010
Constant 0.03424***  (0.03351*** | 0.03427***
Dummy 1985 -0.01197 -0.01054 -0.00986
(Lagged) Error Correction (EC) | -0.17081*** -0.17787*** | -0.17200%***
Per capita GDP 0.17841* 0.18971** 0.16455
Relative prices -0.27145* -0.28657** | -0.28644**
Country fixed effects |
be 0.00537 0.00453 0.0041
bg -0.02373***  -0.01967*** | -0.02057%***
cy 0.02202*** 0.02110*** 0.02813***
cz -0.01251%** -0.01327%** -0.01686**
de -0.00916* -0.00990* | -0.01360**
dk -0.01380*** -0.01413*** | -0.01559***
ee -0.01408* -0.01494* | -0.01177
el 0.00653 0.00591 | 0.00938*
es 0.00495** 0.00363* 0.00410*
fi -0.00008 -0.00147* | -0.00079
fr -0.00123 -0.00204 | -0.0026
hu -0.02541***  -0.02615*** | -0.02706***
ie 0.01137* 0.01025* | 0.02393***
it -0.00539 -0.0063 -0.00646
It 0.02112** 0.02031** | 0.02102*
lu 0.00219 0.00183 | 0.00018
v 0.00346 0.00297 0.00189
mt 0.00953* 0.00682 | 0.01002*
nl -0.00157 -0.00222 | -0.00098
no 0.00748*** = 0.00577*** ' 0.00635***
pl 0.00201 0.00128 | 0.00156
pt 0.00965* 0.00876* 0.01053*
ro 0.01051 0.00994 | 0.01444
se -0.00984* -0.01062%* | -0.01123%*
si -0.00998* -0.01089* -0.00936*
sk -0.00308 -0.00378 | -0.00207
uk 0.00366 0.00273 | 0.00134
Number of observations 638 638 I 588
R squared adjusted 0.15121 0.16406 | 0.159

legend: * p<0.05; ** p<0.01; *** p<0.001

Source: Own calculations based on SHA and national data.
Note: The country dummy for AT was (arbitrarily) excluded from all regressions for collinearity reasons.

In Table 8, regressions 7, 8 and 8a are the error correction models (ECM) corresponding to
the long term co-integration regressions 5, 6 and 6a of Table 7, respectively. It is important to
check if the sign of the (lagged) error correction estimate (EC) is negative in order to secure
that deviations from the long term relationship are being corrected. Estimates of the (lagged)
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error correction term are significantly negative at 0.1%, indicating that real per capita public
HE deviations from their long term values are corrected each year by about 20% i.e.
expenditure deviations take about 5 years on average to converge to their long term ratios.

3.6.0n the existence of a steady-state for the HE-to-GDP ratio

We will test the hypothesis of stationarity of the HE-to-GDP ratio both assuming and not
co-integration.

Assuming co-integration, the following equation can be estimated:

loghis = p; + b *logy;r + ¢ *logp;e + & (92)
Not assuming co-integration, the following equation should instead be estimated:

Alogh;; = b * Alogy;. + c * Alogp;; + €, (9b)

where h; . is real per capita public HE; y; are country fixed effects; y; . is real per capita GDP;
pi ¢ is the relative prices of health services; and ¢; . and ¢; , are stochastic stationary variables.

Equation (9) can be re-written as the HE-to-GDP ratio (Z; ;):

In the levels case (i.e. co-integration):

Ziy = 108% =p+(b—1) xlogy;s + (1 +c) *logp;; + & (10a)
In the growth rates case (i.e. no co-integration):

AZ;, = Alog% =(b—-1)xAlogy; + (1 +c) *Alogp;¢ + &, (10b)

Consequently, estimates of the HE-to-GDP ratio (ZT,t) can be obtained using OLS estimates as
follows:

In the levels case (9a):

Z =+ (B — 1) *logy; + (1 +¢) *logp;, (11a)
In the growth rates case (9b):
AZ,, = (E — 1) * Alogy; ¢ + (1 + ¢) * Alogp; (11b)

In the levels case, the hypothesis of stationarity will be tested by regressing Z,, on a time
trend and testing the coefficient to be zero (i.e. d = 0):

Zl,t S I:Il + d *t 4+ Si,t (128.)

In the growth rates case, the hypothesis of stationarity is equivalent to test whether AZ,; is
different from zero (i.e. d = 0):

AT =d+el, (12b)

Table 9 — Stationarity of the HE-to-GDP ratio

d
Inlevels (eq. 12a) f:t 1.39% wokk
In growth rates (eq. 12b) &f; 0.02%

Legend: * p<0.05; ** p<0.01; *** p<0.001.
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Stationarity of the HE-to-GDP ratio depends crucially on the existence of a co-integration
relationship. Co-integration implies an annual time drift of 1.4% in the HE-to-GDP ratio,
whereas no co-integration implies a constant ratio (Table 9).

Assuming co-integration, after controlling for country-fixed effects, our results suggest that
the HE-to-GDP ratio has increased on average by 1.4% per year in the last (four) decades.
Recall that Graph 1 plots the non-weighted average of the HE-to-GDP ratio for 9 European
countries, showing a rise from about 4%2% in 1972 to 8% in 2010. This is remarkably in line
with  back of the envelope calculations based on the d estimate:
(4¥:%*1.0147(2010-1972)~7Y2%).%®

Conversely, if there is no co-integration, we cannot reject the hypothesis that the growth rate
of the HE-to-GDP ratio is zero, implying that the ratio tends to a constant value.

3.7.Breakdown of total public expenditure on health in its main drivers: the
minor role of ageing

Table 10 presents a breakdown of total per capita real public HE growth into different drivers
for the period 1985-2010.

Table 10 — Breakdown of public health expenditure growth (a), 1985-2010 (b)
Annual averages in percentage

Number of
Period observations Health spending Age effect Income effect(c) Price effect (d) Residual
S 1) @ r (3) ) (5)=(1)-(2)-(3)-(4)
at 1985-2010 25 2.4 0.1 1.3 -0.4 1.4
be 1996-2010 14 1.7 0.1 1.0 -0.3 0.9
bg 1992-2007 16 -0.1 0.1 2.1 -0.6 -1.7
cy 1996-2011 16 4.5 0.0 0.8 -0.4 4.1
cz 1994-2010 14 0.4 0.1 1.8 -0.9 -0.6
de 1993-2010 18 1.5 0.3 0.8 -0.2 0.6
dk 1985-2010 26 1.0 0.1 0.9 -0.5 0.6
ee 1996-2010 15 0.6 0.1 3.5 -1.4 -1.5
el 1988-2010 23 2.8 0.2 1.3 -0.3 1.7
es 1985-2010 25 3.1 0.1 1.4 -0.3 1.9
fi 1985-2011 25 1.7 0.2 1.3 -0.7 0.9
fr 1991-2010 19 1.2 0.1 0.7 -0.3 0.7
hu 1993-2010 17 -0.5 0.1 1.6 -0.5 -1.6
ie 1996-2010 15 3.3 -0.1 2.5 -0.9 1.8
it 1989-2010 22 1.8 0.2 0.6 -0.1 1.0
It 1996-2009 12 3.9 0.2 3.1 -2.0 2.5
lu 1985-2009 23 2.2 0.0 2.3 -0.8 0.7
v 1992-2008 14 2.0 0.2 1.1 -0.8 1.5
mt 1996-2009 14 3.0 0.2 1.3 -0.7 2.2
nl 1985-2009 24 2.9 0.1 1.3 -0.3 1.7
no 1985-2011 25 2.2 0.0 1.2 -0.3 1.3
pl 1993-2010 17 2.3 0.1 3.2 -0.9 0.0
pt 1996-2010 14 2.2 0.2 0.9 -0.4 1.5
ro 2000-2009 10 2.8 0.1 3.4 -1.9 1.3
se 1994-2010 17 1.2 0.0 1.6 -0.6 0.1
si 1993-2010 18 1.4 0.3 2.2 -0.5 -0.7
sk 1996-2010 15 1.9 0.0 2.9 -1.1 0.1
uk 1994-2010 16 3.2 0.0 1.4 -0.5 2.3
Non-weighted avg./total 509 2.0 0.1 1.7 -0.7 0.9
% of total 5.4% 83.9% -32.4% 43.2%
Weighted average 2.0 0.1 1.2 -0.4 1.1
% of total 7.0% 59.0% -18.2% 52.1%

(a) Total per capita real public health spending (deflated using a health price index).
(b) Or the longest overlapping period available since 1985.

(c) Assumes an income elasticity of 0.7.

(d) Assumes a price elasticity of -0.4.

Source: Own calculations based on SHA and national data.

3 Ignoring country fixed-effects.
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In line with estimates in the empirical literature, the income and price elasticities are set to 0.7
and -0.4, respectively, while demographic effects are determined using the estimated
parameters of regression 1 (Table 6).*° Results strongly suggest that since 1985 changes in
demographic composition played a minor role in driving up total public HE. Using weighted
averages, the rise in per capita income explains about 59% of the total increase in expenditure,
price effects dampened expenditure by 18%, demographic composition effects accounted for
an increase of just 7%,* while residual effects accounted for around 52%. This
decomposition supports the hypothesis that past trends in expenditure were mainly driven by
non-demographic factors, including income and price effects. Note that the importance of
residuals is largely due to omitted variables, such as technologic innovations in the medical
field and policy regulations.

3.8.Estimates of excess cost growth (C), income (n) and price elasticities (y)
Estimates of excess cost growth (C, Table 11) vary from 1.0% to 1.6% (weighted average),
which seems to be in line with results reported in Clements et al. (2012), which estimated a
weighted average of 1.3% for advanced economies.

Table 11 — Estimates of excess cost growth (C)
Annual averages in percentage

Growth rate equations Level equations
no co-integration co-integration
oLs oLs v \Y% oLs \Y v
(N ) R & R ¢ B R © B ) (62)
All
observations
All Excl. 10% more All Excl. 10% more All All excl. 2009 and
observations influential observations influential observations observations 2010
at 1.1 0.5 1.2 0.6 1.6 (1.4) 1.6 (1.4) | 1.5 (1.3)
be 0.9 1.6 1.0 1.7 1.5 (1.4) 1.5 (1.3) 1.4 (1.2)
bg -1.6 1.3 -2.3 -2.0 1.4 (1.3) 1.4 (1.3) l 1.4 (1.3)
cy 4.3 3.6 5.3 4.5 1.7 (1.5) 1.6 (1.4) 1.2 (1.1)
cz 0.0 -0.9 0.7 0.0 2.1 (1.8) 2.0 (1.7) l 1.9 (1.7)
de 0.5 0.4 0.7 0.9 1.8 (1.6) 1.6 (1.4) l 1.6 (1.4)
dk 0.5 0.3 0.6 0.5 2.1 (1.9) 1.9 (1.7) 1.9 (1.7)
ee -0.9 -0.7 -0.1 0.2 2.2 (1.9) 2.1 (2.0) | 2.0 (1.9)
el 1.6 1.6 2.2 2.3 1.6 (1.4) 1.5 (1.3) | 1.4 (1.2)
es 1.6 1.5 2.2 2.4 1.3 (1.1) 1.3 (1.2) 1.1 (1.0)
fi 2.0 1.7 2.1 1.9 2.0 (1.8) 1.8 (1.6) l 1.8 (1.6)
fr 0.8 0.8 0.9 1.0 1.8 (1.6) 1.7 (1.4) 1.6 (1.4)
hu -1.5 -2.3 -0.9 -1.7 1.6 (1.4) 1.6 (1.4) l 1.6 (1.4)
ie 2.0 2.4 2.5 2.8 1.4 (1.2) 1.5 (1.4) l 1.1 (1.1)
it 0.9 0.9 1.3 1.4 1.5 (1.3) 1.4 (1.2) 1.3 (1.1)
It 4.2 4.1 5.0 5.1 3.1 (2.8) 29 (2.6) | 2.9 (2.6)
lu 0.7 0.0 1.0 0.4 1.7 (1.5) 1.7 (1.6) | 1.6 (1.5)
Iv 2.2 -0.8 2.9 0.2 2.9 (2.6) 2.6 (2.2) 2.6 (2.2)
mt 2.6 2.9 3.0 3.3 2.1 (1.9) 2.0 (1.7) l 1.9 (1.7)
nl 1.1 0.4 1.5 0.8 1.4 (1.2) 1.4 (1.2) 1.2 (1.1)
no 2.1 2.1 2.0 2.0 1.5 (1.3) 1.5 (1.3) l 1.3 (1.1)
pl 0.0 -0.8 1.0 0.3 1.2 (1.1) 1.3 (1.3) l 1.3 (1.2)
pt 1.7 1.6 2.0 2.1 1.8 (1.6) 1.7 (1.5) 1.5 (1.3)
ro 2.7 3.7 3.5 4.4 2.9 (2.5) 2.7 (2.4) | 3.0 (2.7)
se 0.3 0.3 0.5 0.5 1.8 (1.6) 1.7 (1.5) | 1.7 (1.5)
Si -0.9 -0.3 -0.3 0.6 1.2 (1.1) 1.3 (1.2) 1.0 (1.0)
sk 0.5 1.0 1.6 2.0 1.9 (1.7) 1.9 (1.7) l 1.6 (1.5)
uk 2.4 2.4 2.7 2.6 1.6 (1.4) 1.6 (1.4) |, 1.4 (1.3)
Non-weighted avg. 1.1 1.0 1.6 1.5 1.8 (1.6) 1.7 (1.5) [ 16 (1.5)
Trimmed non-weighted avg.a) [ 1.1 T 11 " 16 12 1.7 (1.5) 1.6 (1.4) 1.6 (1.4)
Weighted average 1.1 1.0 1.4 1.4 1.6 (1.5) 16 (1.4) ' 15 (13)
Standard deviation [ 15 " 15 " 16 " a7 0.5 (0.4) 04 (03 | o5 (0.4)

Source: Own calculations based on SHA and national data.

a) Non-weighted average of the values within + 1 standard deviation.

Note: In columns 5 to 6a, there are two values in each cell. The first refers to the model in levels without demographic variables, the second (in parenthesis)
refers to the corresponding model including two demographic variables, namely the young and old age population ratios.

% The oLsS regression 1 in Table 6 is used. According to these estimates: a 1% increase in the fraction of the population below 16 ("young
population ratio™) increases per capita real public HE by 0.08%; while a 1% increase in the fraction of the population above 65 (“old
population ratio™) increases per capita real public HE by 0.2%.

%0 Note that this reflects historical developments, not representing a projection of future developments. In the 2012 EPC-EC Ageing Report,
the impact of ageing on health expenditure up to 2060 is calculated instead using specific age profiles by country and gender.
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Including demographic variables in level regressions (i.e. co-integration) reduces both the
average and the standard deviation of excess cost growth, respectively, by about 0.2 and 0.1
percentage points (see values in parenthesis in columns 5 to 6a of Table 11).

Graph 5 - Estimates of excess cost growth (C)

" Regression 4 (in growth rates)

6.0

Non-unweighted average=1.5%

-2.0

-3.0

Regression 6 (in levels)

Non-unweighted average=1.7%

1.5 4

1.0

0.5 4

0.0 +

It ro Iv e mt cz sk dk fi pt fr se lu cy uk de at hu e el no be it nl bg es si pl

Source: Own calculations based on estimates of regressions 4 or 6.

Across European countries, the estimated non-weighted average of excess cost growth (C)
amounts to 1.5% and 1.7%, respectively, using regression 4 (in growth rates) or regression 6
(in levels), although displaying large variations across countries (Graph 5).

Table 12 — Common income (n) and price elasticities (y) estimates

Growth rate equations Level equations
no co-integration co-integration
OLS OLS \% \% oLS v \%
v r r r r r
(1) (2) (3) (4) (5) (6) (6a)
All
observations
All Excl. 10% more Al Excl. 10% more All All excl. 2009 &
observations influential observations influential observations observations 2010
Income elast. (1) 0.20* 0.20 ** 0.77 0.96 *** 0.51 (0.57) 0.66 (0.75) I 0.64 (0.73)
Price elast. (y) -0.32* -0.14 -0.62 *** -0.48 * -0.24 (-0.33) -0.41 (-0.51)|-0.36 (-0.47)

legend: * p<0.05; ** p<0.01; *** p<0.001

Source: Own calculations based on SHA and national data.
Note: In columns 5 to 6a, there are two values in each cell. The first refers to the model in levels without demographic variables, the second (in parenthesis)
refers to the corresponding model including two demographic variables, namely the young and old age population ratios.

Income elasticity (n) estimates are mostly below 1, while those obtained using IV are
significantly higher than using OLS. Overall, results are in line with recent income elasticity
estimates of health expenditure.** For example, Maisonneuve and Martins (2013) suggest an
income elasticity of HE centred around 0.8 (revising downwards their previous unitary

1 See Appendix 3 in Maisonneuve and Martins (2013) for a review of recent literature on income elasticity estimates.
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estimate made in 2006). Assuming homogenous responses of HE to income across US States
in a panel over 1996-1998, Freeman (2003) finds that HE is a necessity good with elasticity in
the range of 0.8 to 0.85. Acemoglu et al. (2009), using carefully designed econometric
techniques to identify causality effects of income on HE, and using data for the Southern
United States, find an income elasticity below unit (0.72 with an upper interval value of 1.13).

The estimates for the price elasticity (y) are correctly signed and lower than 1 (in absolute
value) as expected (i.e. inelastic demand), while those obtained using IV are significantly
higher (in absolute value) than those obtained using OLS. Price elasticity estimates
around -0.4 are similar to those obtained in other empirical studies (e.g. Maisonneuve and
Martins, 2013).

Recall that in the breakdown exercise of public HE presented in Table 10, and in order to
facilitate comparisons with other studies, the stylised values used for the income and price
elasticities are 0.7 and -0.4, respectively.

4.Long term projections of the total public HE-to-GDP ratio

This section presents long term projections (up to 2060) for the total public HE-to-GDP ratio,
using equation (6) in growth rates (regression 4 in Table 6).%” Given the uncertainty regarding
the existence of a co-integration relationship, involving HE, relative prices and income, as
results depend on the inclusion or not of a deterministic time trend, projections are calculated
using regressions in growth rates. In addition, using growth rate estimates allows considering
the impact of population composition effects, which was not possible using regressions in
levels as demographic variables are not part of the co-integration vector. Furthermore, given
that the aim is to calculate long term projections, it is perhaps wiser to use a model that seems
to be consistent with a constant steady-state for the HE-to-GDP ratio (see section 3.6).

The model specification used to estimate total public HE fits well with the European Policy
Committee-European Commission (EPC-EC) methodology to project long term age related
costs (DG ECFIN-EPC (AWG), 2012), because the macroeconomic variables used to project
future HE are available in the long term age related projections, namely real GDP, GDP
prices, wages, labour productivity, and demographic variables. However, in order to produce
reasonable (i.e. within plausible bounds) projections, some kind of a priory judgment is still
needed about the relevance of historical trends for determining future values of the
deterministic time drift (,),*® and future values for the pass-through of productivity gains
into relative price increases (¢;).

4.1. Derivation of the formula for the projection of HE-to-GDP ratios
Dividing health services prices (equation 1): P, = W® « CPI*~% by the GDP deflator (p,),

. . . . Ph w\?  (cpr\? .
we obtain an expression for relative prices: p = o <P—) * (P—> . Assuming that CPI
y y y
and GDP inflation are identical, we can express the growth rate of relative prices as:

=g (;ﬂ\) (13)

where a hat over a variable means a growth rate (i.e. the first difference of the logarithm).

“na nutshell, OECD's assumptions on future HE residuals are common across countries, while the IMF uses country-specific excess cost
growth estimates of HE (for a more comprehensive comparison of the different methodologies see Box 2).

B with Y = a+ p; + Dgs. When a deterministic time trend plays such a crucial role we are effectively proxying for effects we do not fully
understand.
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Furthermore, assuming that real wages (PK) are proportional to labour productivity (Ip), it
y

follows that:

Pie ~ ¢; * Ipyy (14)

In line with Baumol's "unbalanced growth theory", equation (14) states that relative prices of
health services grow proportionally with (overall) labour productivity, implicitly assuming
that there is limited labour productivity growth in the health sector. Note that the factor of
proportionality is country-specific (¢;), reflecting the fraction of labour costs in total costs in
the human health sector of national accounts data.

Equation 6 can be rewritten as the HE-to-GDP ratio (Z; ;):

AlogZ; , = Alog% ~ Y+ ax*Alogx;, +(b—1)*Alogy; + (1 +c) *Alogp;, (15)
it

Using (14) and the definition of elasticities into (15):

Zi,t ~ Y+ ax* fi,t +(m—-1)* 37i,t + (A +y)*¢; * l’lai,t (16)

where y; = o + ; + Dgs is @ common time drift; and n and y are the income and price
elasticities, respectively.

Equation (16) links changes in the HE-to-GDP ratio to a common time drift: {; a
country-specific income effect: (n — 1) * ¥;,; a labour productivity/Baumol effect: (1 + y) *
¢b; * l?al-,t; and changes in demographic composition: a * X; ;.

Furthermore, per capita GDP (y) and labour productivity (Ip) are linked by the identity:

Vit = lpie * (1 - w"i,t) * aryt (17a)

where labour market variables, respectively, the unemployment (ur) and activity rates (ar)
are present.

Taking the first difference of the logarithm, equation (17a) can be expressed in growth rates
as:

Vie = l??i,t — Aury; +ary, (17b)

Equations (16) and (17b) indicate that per capita GDP (or labour productivity), together with
labour market variables (both unemployment and activity rates) drive the dynamics of the
HE-to-GDP ratio.

4.2. Calibration and results

Estimates of equation (6) in growth rates (regression 4 in Table 6) are used for the income,
price elasticities, and demographic effects.

Note that instead of using a country-specific time drift ({s; = a + y; + Dgg), @ common time
drift () is used (0.59%), calculated as the non-weighted average over the 28 countries
considered in the analysis (EU27 and Norway), thereby correcting for the excessive amplitude
of country-specific estimates in order not to extrapolate country-specific idiosyncrasies over a
long period.**

“A necessary condition for a steady-state of the HE-to-GDP ratio (equation 16) is for the time drift to be "forced" to converge to zero over
(limy_,o Yy = 0), or less constraining, for the HE-to-GDP ratio to be bounded away from implausible high values. This eventually requires
dampening the positive time drift, which requires making arbitrary assumptions (Maisonneuve and Martins, 2013). The time drift is likely to
decrease in future relatively to historical trends, reflecting, inter alia, completion of the process of broadening insurance coverage of health
systems, but it is likely to "converge" to a strictly positive value as the time drift includes technological progress in the health sector. The
trajectory assumed for . during the projection period has a significant impact on the results.
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¢; is the weight of labour costs in total health expenditure. In the projections, it is assumed
that there is a marginal improvement in the pass-through of productivity gains to relative price
increases, specifically, ¢; is reduced by 10% in the entire projection period over historical
values. This reduction is a proxy for limited/sporadic reductions in the labour content of
production (technological progress) in the health care sector.*®

Exogenous variables for population by single age, real GDP, GDP prices, and labour
productivity are taken from DG ECFIN's Winter 2013 economic forecasts and a March 2013
update of the 2012 Ageing Report for the period up to 2060.

Table 13 - Public HE-to-GDP ratio projections®’

2010 2060
Cost-pressure Cost-containment Cost-containment
scenario, constant scenario, linear scenario, geometric
(1) . (2) . (3)
at 8.4 14.6 12.6 11.5
be 8.0 13.8 11.9 10.9
bg 4.3 8.8 7.5 6.9
cy 3.3 5.8 4.9 4.5
cz 6.3 12.3 10.6 9.7
de 8.9 15.2 13.1 12.0
dk 9.5 16.9 14.5 13.3
ee 5.0 10.5 9.0 8.3
el 6.1 9.4 8.1 7.5
es 7.1 12.0 10.3 9.4
fi 6.6 12.3 10.5 9.7
fr 9.0 15.1 12.9 11.9
hu 5.0 9.1 7.8 7.2
ie 6.4 11.8 10.1 9.3
it 7.4 12.2 10.5 9.7
It 5.5 11.5 9.9 9.1
lu 6.5 11.3 9.7 8.9
Iv 4.0 8.5 7.3 6.7
mt 5.8 10.7 9.2 8.4
nl 7.4 12.9 11.1 10.2
pl 5.0 9.2 7.9 7.2
pt 7.1 11.9 10.2 9.4
ro 4.4 8.2 7.0 6.5
se 7.7 14.4 12.4 11.4
si 6.6 12.5 10.7 9.9
sk 5.8 11.3 9.7 8.9
uk 8.0 14.6 12.5 11.5
eulsa) 7.6 13.2 11.4 10.4
eu27a) 6.5 11.7 10.1 9.3

Source: Own calculations based on estimates of equation 6 (regression 4 in Table 6), using "exogenous” variables from DG ECFIN's Winter 2013 economic
forecasts and a March 2013 update of the 2012 Ageing Report.
a) Non-weighted average.

*® This could as well be interpreted as a reduction in the labour content of intermediate consumption in the health sector.
46 Taking into account a few pension peer reviews endorsed by the EPC in the first half of 2013.

47 Projections presented in Table 13 are preliminary, therefore subject to subsequent revisions as the underlying methodology is improved,
although these values should already provide a good qualitative assessment of final results.

Following Acemoglu et al. (2009) and Maisonneuve and Martins (2013), use of a lower income elasticity of around 0.7 to 0.8 could be
envisaged, instead of using a nearly unitary elasticity of 0.96 (estimate of regression 4 in Table 6). Note that including all observations
(regression 3 in Table 6) or excluding the years 2009 and 2010 together with the 10% more influential observations from the sample
(regression 4a in Table 6) would both reduce the income elasticity to 0.78 and 0.84, respectively. Ceteris paribus, a lower income elasticity
would reduce the HE-to-GDP ratio (equation 16).
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Equation (16) subsumes three alternative scenarios for a common time drift ({;) between
2010 and 2060: i) constant (“"cost-pressure™); ii) linear decreasing to zero ("linear
cost-containment™); and iii) geometric decreasing to a very low value ("geometric
cost-containment").*

The cost-pressure scenario sets a common time drift at the annual value of 0.59 p.p. during the
entire projection period, which together with other demographic and non-demographic effects
yields a considerable increase in the projected public HE-to-GDP ratio from 6.5% in 2010 to
11.7% in 2060 (non-weighted average of the EU27, Table 13 and Graph 6). Two
cost-containment scenarios are calculated as well. One assumes the linear reduction in the
time drift from 0.59 p.p. in 2010 to zero in 2060, and another assumes a geometric (i.e.
accelerated) reduction in the time drift from 0.59 p.p. in 2010 to 1% of 0.59 p.p. in 2060 (or
10% of 0.59 p.p. in 2035). Even in the scenario that projects an accelerated reduction in the
common time drift, the public HE-to-GDP ratio is still expected to increase by just under 3
p.p. of GDP from 6.5% in 2010 to 9.3% in 2060 (non-weighted average of the EU27).%

Graph 6 —-Public HE-to-GDP ratio projections (%)
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Source: Own calculations based on estimates of equation 6 (regression 4 in Table 6), using “exogenous" variables from DG ECFIN's Winter 2013 economic
forecasts and a March 2013 update of the 2012 Ageing Report.

As a whole, projections shown in Table 13 and Graph 6 represent an acute reminder of the
need to proceed with the efforts to curb HE growth and improve the efficiency of health
systems. In fact, in the absence of additional control measures (i.e. in the "cost-pressure”
scenario), projection outcomes suggest on average a near doubling of the HE-to-GDP ratio
across the EU between 2010 and 2060.

8 In the ""geometric cost-containment" scenario, the common drift is assumed to decline from 0.59% in 2010 to 1% of 0.59% in 2060. In
their cost-containment scenario, Maisonneuve and Martins (2013) also assume that the common "residuals" converge (linearly) from 1.7% in
2010 to 0% in 2060.
“9 1t should be recalled that all three scenarios presented in Table 13 assume a 10% reduction in the labour productivity/relative prices
pass-through parameter (¢;) due to the assumption of limited/sporadic labour savings in the health sector, including in the consumption of
intermediate goods.
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Box 2: Different strategies to project the non-demographic component of public HE

e IMF: Clements et al. (2012)

0 Projections of non-demographic and non-income related HE equal estimates of
excess cost growth of public health expenditure. Excess cost growth (C) is
defined as the excess of growth in real per capita health expenditures over the
growth in real per capita GDP, after controlling for the effect of demographic
change. Clements et al. (2012) estimate a panel regression with country
fixed-effects.

o0 The following model specification is used:

Alogh; ¢ = o+ p; + a * Alogx; ¢ + b x Alogy; ¢ + €;¢ 0]
o Country-specific excess cost growth (C) estimates are calculated as:

ARy tlax; (=0 _Ayj,
& hitlax; =0~ Vit  XAloghytlay; =0 — X Alogyit

, - = =@+ + (b - 1)« 2E (ii)

o0 with a tilde denoting estimates, and T; the number of years of data available for
country i. (C) equals the difference between the (geometric) average growth rate
of estimated real per capita public HE, after controlling for the impact of
demographic composition, minus the (geometric) average growth rate of real per
capita GDP.

o Equation (6) estimated in this paper differs from equation (i) by the inclusion of
a relative price variable (p) and a time dummy (Dgs). The excess cost growth
equation (ii) becomes (equation 8):

Co= @+ +Dgs+ (b— 1)« 20800 4 (1 4 7) » 250800 (iia)

1

0 Summarising, Clements et al. (2012) equate non-demographic and non-income
related HE growth to country-specific excess cost growth (C) estimates, keeping
them unchanged at estimated/historical values during the entire projection
period (i.e. up to 2050).

e OECD: Maisonneuve and Martins (2006 and 2013)

o Overall, demographic drivers explain relatively little of past developments in
health spending; therefore, non-demographic drivers must play an important
role, namely income growth and a residual growth component.

0 Based on the most recent findings from the empirical literature, an income
elasticity of 0.8 is used. This represents a downward revision from the unitary
elasticity used in Maisonneuve and Martins (2006).

0 The unexplained expenditure residual is derived using a growth accounting
framework, which identifies past average growth of health expenditures due to
age and income effects (assuming a given value for the income elasticity).

0 In order to interpret this residual, an econometric equation is also estimated,
incorporating explicitly the effects of prices and a proxy for
quality/technological progress.
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Box 2: Different strategies to project the non-demographic component of public HE

(continuation)

o0 The following panel regression, with country fixed-effects is estimated:

log (%) = a, + 0 * log(Demo) + B * log (Piy) +v*log(Q)+ex*log (%) + 7T +u (iii)

o where a. corresponds to country fixed-effects; he denotes health volumes
(deflated for price and quality); Demo is the demographic effect captured by the
average age of the population; P are health prices; Py is the GDP deflator; Q is a
quality/technology index for health services; N is total population; T is a
deterministic time trend; and u is a randomly distributed residual.

0 Using estimates of regression (iii), the overall effect of relative prices and
technology is estimated to have increased HE by 0.8% per year in the OECD
area. Estimates suggest that the residual expenditure is also driven by other
factors, such as changes in policy and institutions which are loosely captured by
a time trend, accounting for 0.9% of the increase in health expenditure per year.
On average in the OECD area, these estimates suggest that residual growth has
increased HE by a total of around 1.7% (i.e. 0.8%+0.9%) per year.

0 The estimated total expenditure residual of 1.7% in the OECD area compares
with an expenditure residual of 2% obtained using the accounting framework,
therefore 0.3% remains unexplained. As a consequence, the projections use
1.7% as the starting value for residual expenditure growth.

0 The health expenditure residual component is projected as a whole.
Furthermore, a common residual growth is assumed for all countries in order not
to extrapolate country-specific idiosyncrasies over a long period, namely
country fixed-effects.

0 Maisonneuve and Martins (2013) present two main projection scenarios: i) a
""cost-containment scenario™ assuming that some policy action is taken to curb
expenditure pressures, thereby allowing for a gradual reduction in the average
residual growth from 1.7% in the starting period to 0% in 2060; and ii) a
""cost-pressure scenario”, where the average residual growth is assumed to
remain constant at a growth rate of 1.7% over the projection period.

e EPC-EC: European Commission (DG ECFIN)-EPC (AWG) (2011), and European
Commission (DG ECFIN)-EPC (AWG) (2012a)

0 The joint work carried out by the European Policy Committee (Ageing Working
Group) and the European Commission (DG ECFIN) on long term age related
expenditure acknowledges the significant role played by non-demographic
drivers of HE.

0 Inthe 2012 Ageing Report (AR), the following panel equation was estimated in
order to identify non-demographic effects:

Alogh;s = a + pu; + Dgs + a *logx; ; + b * Alogy; + + &+ (iv)

0 Note that equation (iv) ignores a number of important explanatory variables,
namely relative prices. This is likely to bias upward the income elasticity
estimate, which will capture effects due to omitted variables.
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Box 2: Different strategies to project the non-demographic component of public HE

(continuation)

0 The two main long term HE projection scenarios included in the 2012 AR
consider non-demographic effects. Non-demographic effects are introduced
using a common across all EU Member States income elasticity above unit. In
the reference scenario, the income elasticity decreases from 1.1 in 2010 (the
starting period of the projection) to 1 in 2060; whereas in the risk scenario it
decreases from 1.3 in 2010 to 1.0 in 2060.

4.3. Comparison with other projections

Table 14 presents an adaptation of Table 4.3 of Maisonneuve and Martins (2013), describing
major aspects of the different projection "technologies”, namely the demographic assumptions
("Health ageing™), and non-demographic drivers, such as income, price elasticity and a time
drift/residual growth component.®® Covering these “fields" of analysis, Table 14 compares a
few long term projections of the HE-to-GDP ratio, coming from the EPC-EC (2), the IMF (1),
the OECD (2), and (2) from this paper.

As a consequence of different assumptions, the EPC-EC projections (both baseline and risk
scenarios) are the lowest, largely because they do not consider a time drift (or residual
growth). However, we should recognise that EPC-EC projections for 2010 have also been
severely affected by a significant projection bias. In fact, outturn data for the HE-to-GDP ratio
in 2010 are on average across the EU between %2 and % p.p. of GDP above the baseline
scenario of the 2012 Ageing Report (Graph 7).>*

Graph 7 -Outturn data for 2010 compared with the 2012 Ageing Report baseline scenario
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Source: Own calculations and the 2012 Ageing Report.

%0 See Box 2 for a brief overview of different projection methodologies.
> Table 14 also presents values for the EPC-EC scenarios adjusted (one-by-one) for the 2010 projection bias.
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In the IMF projections, the assumption of a low income elasticity is broadly offset by
considering country-specific residual growth. IMF projects an increase of 4.5 p.p. in the
public HE-to-GDP ratio for the EU15 between 2010 and 2050, largely exceeding EPC-EC
projected increases of only 1.0 p.p. and 1.5 p.p. in the baseline and risk scenarios,
respectively.®® Although being difficult to compare to OECD projections (as IMF projections
end in 2050), IMF results seem to lie in between OECD's cost-containment and cost-pressure
scenarios.

Applying the methodology developed in this paper, the cost-pressure scenario projects a
slightly lower variation in the HE-to-GDP ratio than OECD's corresponding one (a variation
of +5.6 p.p. versus +6.2 p.p. in the period 2010-2060 for the EU15), whereas the reverse
occurs for the cost-containment scenario (a variation of +2.8 p.p. versus +2.4 p.p. in the
period 2010-2060 for the EU15). Overall, the projection scenarios based on the developed
methodology are by and large equivalent to OECD's corresponding ones (Table 14).
However, it should be acknowledged that the methodology developed in this paper uses
econometric estimates of population composition effects on per capita expenditure to
calculate ageing costs, whereas all other methodologies use age profile estimates of HE,
together with an assumption on the impact of rises in life-expectancy on the duration of
periods in good health.

Graph 8 - Projections of the HE-to-GDP ratio for a selected group of countries a)
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Source: Projections based on estimates of regression 4 (Table 6), and on an update of the 2012 Ageing Report.
a) Non-weighted average of AT, DE, DK, EL, ES, FI, FR, IT, LU, LV and the NL.

Graph 8 presents a number of HE-to-GDP projections for an aggregate of EU Member
States.>® Panel A presents the cost-containment (geometric) scenario and the two EPC-EC
health scenarios (baseline and risk) included in the 2012 Ageing Report — European

2 A one-to-one correction of the 2010 projection bias suggests an increase of 1.8 p.p. and 2.3 p.p. (i.e. more 0.8 p.p.), respectively, in the
baseline and risk scenarios.

% The non-weighted average of 11 EU Member States for which sufficiently long series are available (AT, DE, DK, EL, ES, FI, FR, IT, LU,
LV, and the NL).
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Commission (DG ECFIN)-EPC (AWG) (2012). A linear trend, derived from the
cost-containment scenario, is also included to facilitate the interpretation of results. Graph 8
(Panel A) suggests that the cost-containment scenario largely follows a linear extrapolation of
actual data, although a negative gap emerges at the end of the projection period. Conversely,
the two EPC-EC scenarios are clearly below this "mechanical” linear extrapolation of
historical trends, largely reflecting the absence of a time drift (or residual growth). Panel B
presents the three scenarios calculated using the methodology developed in this paper.

A considerable degree of uncertainty surrounds the exercise of making long term projections
for health expenditure, and this is not only because small annual errors — if not centred around
zero — accumulate into large discrepancies.®* Uncertainty reflects a multitude of common
problems in the health empirical research area, such as omitted variables,® unbalanced
datasets, breaks in series, heterogeneity across countries not captured adequately by country
fixed-effects, the role of technical progress, model misspecification, etc.; all potentially
yielding biased and inefficient estimates, thereby contributing to large residuals or a
remaining unexplained large and positive time drift in HE.

Nevertheless, the econometric methodology adopted in this paper is able to generate sensible
future projections based on past trends, with results being in line with the existing literature,
namely pointing towards a rising fiscal challenge of public HE. Also, the analysis implicitly
considers other factors, besides ageing, income and relative prices to explain (future) HE
developments, although these factors remain bundled in country fixed-effects and in a
deterministic time drift.

> For example, a 1 p.p. difference in projections by 2060 (i.e. over 50 years) corresponds to an annual systemic error of just 0.02 p.p..
% Especially those related to policies and the institutional framework.
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Table 14 —Public expenditure on health: a comparison of different projections

Methodology

4

Current paper
(Cost-containment geometric scenario)

Econometric model (regression in first
differences)

(1)

Current paper
(Cost-pressure constant scenario)

Econometric model (regression in first
differences)

()]

EPC-EC
(Reference scenario)

Accounting framework

(€]

EPC-EC
(Risk scenario)

Accounting framework &

econometric model (regression in

first differences)
(4)

OECD
(Cost-containment scenario)

(5)

OECD
(Cost-pressure scenario)

(6)

IMF

Econometric model (regression in
first differences)

@

Health ageing

Income elasticity

Price elasticity

Time drift / Residual
growth

Effect of two demographic variables (younger

than 16 and older than 64)

0.96

-0.48

Common time drift
0.59% in 2010 - 1%*0.59% in 2060

Effect of two demographic variables
(younger than 16 and older than 64)
0.96
-0.48
Common time drift

0.59% kept constant over the
projection period

lyeargainin life
expectancy=1/2 year in good
health

1.1in 2010 - 1in 2060
(incudes other non-

1year gain in life expectancy=1/2

year in good health

1.3in 2010 - 1in 2060 (incudes
other non-demographic factors)

lyeargain in life expectancy=
1yearin good health

0.8

Common residual
1.7% in 2010 > 0% in 2060

lyeargaininlife
expectancy=1yearin good
health

0.8

Common residual
1.7% kept constant over the
projection period

1year gain in life expectancy=1/2
year in good health

0.3

Country specific residual kept
constant over the projection period

Results
(Selected EU countries)

in pp of GDP change 2060-2010 (in parenthesis

pp change from 2050-2010)

values after the bar "/" have been adjusted for base year (2010) projection bias

in pp of GDP change 2050-2010

France

Germany

Italy
Netherlands
Spain

United Kingdom
EU15a)

EU27 a)

2.9
31
2.3

(2.5)
(2.5)
(1.9)
(2.3)
(2.0)
(2.9)
(2.4)
(2.3)

23
35
2.8
2.8

6.1 (4.8)
6.3 (4.7)
48 (3.7)
54 (4.2)
49 (3.7)
6.6 (5.0)
5.6 (4.3)
52 (4.0)

1.4/2.4 (1.4/2.3)
1.4/2.3 (1.5/2.4)
0.6/1.4 (0.7/1.5)
1.1/1.5 (1.2/1.6)
1.3/1.9 (1.2/1.8
1.1/1.9 (1.1/1.9
1.0/1.8 (1.0/1.8)
1.1/1.7 (1.1/1.6)

2.1/3.1 (2.0/3.0)
2.0/2.9 (2.1/3.0)
1.0/1.9 (1.1/1.9)
1.6/2.0 (1.7/2.1)
1.9/2.4 (1.8/2.3)
1.8/2.6 (1.7/2.5)
1.5/2.3 (1.5/2.3)
1.7/2.2 (1.7/2.2)

2.2
2.3
2.6

2.8
2.0
2.4

6.1
6.2
6.4
6.3
6.7
5.9
6.2

2.6
15
11
4.9
3.5
8.2
4.5

a) non-weighted average

Source: Table 4.3 from Maisonneuve and Martins (2013), with a few adaptations.
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5.Testing Baumol's "unbalanced growth model"

In this section, Hartwig's (2008) methodology is used to test empirically the main implication
of Baumol's "unbalanced growth model”, namely that current total (public and private) HE is
driven by wage increases in excess of productivity growth in the whole economy.

Current instead of total (current and capital) HE is used, because the difference between the
two — capital investment — does not play a role in Baumol's model. Also note that here we are
using both public and private expenditure, whereas in the estimation of price and income
elasticities and in the projection sections, the dependent variable is total public HE. The
different focus reflects the fact that total public expenditure is used to make projections,
whereas now we are discussing expenditure drivers from a more theoretical perspective.

Baumol (1967) developed a simple neo-classical growth model that can be used to rationalise
the rapid and persistent rise in current total (public and private) HE in recent decades and
assess future developments. The main implication of Baumol's model is that current total
expenditure is driven by wage increases in excess of productivity growth. Using variables
expressed in growth rates,®’ current total (public and private) HE is regressed on real per
capita income and a variable which is the difference between wage and productivity growth
for the whole economy (the so called "Baumol" variable).

The "unbalanced growth model” divides the economy into "progressive” and "stagnant”
sectors. The essential assumption is that regular growth in labour productivity occurs only in
"progressive” sectors, because "stagnant™ sectors comprise activities which by their nature
permit only sporadic increases in productivity. Regular labour productivity growth results
from the introduction of capital goods (i.e. capital deepening), which automate production
processes and are labour saving. In service industries, such as education and health services,
physical capital cannot be employed on a large scale substituting (specialised) labour.
Education and health services industries are expected to remain highly labour intensive
activities and therefore belong to the "stagnant” sector of the economy. The "stagnant™ sector
of the economy is affected by "endemic" supply-side constraints as the rise in costs and prices
outruns sluggish productivity growth.

A simplified description of Baumol's (1967) "unbalanced growth model”, together with a
derivation of the type of equation to be tested, based on supply-side considerations, is
presented in Box 3.°° Specifically, following the empirical test proposed by Hartwig (2008),
we will show that Baumol's model strongly suggests that current total HE should rise
approximately in line with wage increases in excess of labour productivity growth for the
whole economy. In the remaining of this section, we will test this statement empirically.*®

% Cutler et al. (1998), Triplett and Bosworth (2003) and others have emphasised that the measurement of price deflators in services,
including health care, is problematic as increases in quality or quantity can easily be mistaken for price rises. Newhouse (1992) seems to
doubt the feasibility to calculate price deflators for health care expenditure, and therefore the possibility to test Baumol's cost disease
hypothesis. Hartwig (2008) avoids the shortcomings of calculating health care price indices by introducing the so-called "Baumol" variable
(the excess of wage increases over productivity growth of the whole economy) to test the validity of Baumol's cost disease in the health
sector.

5 Thereby avoiding the risk of running spurious regressions as no researcher has suggested that HE are 1(2) or higher.

*8 This derivation is made under the restrictive assumption that the ratio of employment in the stagnant sector over total employment tends to
one. Colombier (2012) provides a more general derivation, leading to a "Baumol" variable that is divided by the fraction of employment in
the stagnant sector over total employment.

Applying Colombier's (2012) extension to Hartwig's "Baumol" test, and using a panel data set of US states over the period from 1980 to
2009, and controlling for other factors affecting the growth of health care costs, such as income, the structure of the population and various
socioeconomic variables, Bates and Santerre (2013) also find that HE grows more rapidly when economic-wide wage increases exceed
productivity gains.
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Data on current total HE is taken from the OECD Health Database. The panel is unbalanced,
covering 22 European countries from 1960 to 2011.%° Data on all other variables: wages and
salaries per employee in the whole economy; labour productivity (real GDP per employee) in
the whole economy; real GDP; the GDP price deflator; and total population are all taken from
the European Commission's AMECO Database.

Baumol's "unbalanced growth model™ would be consistent with a statistical significant
coefficient of around one for the "Baumol" regressor: (W, — Ip,), which is the difference
between the growth rates of nominal wages per employee and labour productivity for the
whole economy (Hartwig, 2008), respectively.®*

The following "type" of linear regression is estimated (for a derivation see Box 3):
H:tza*(W:t_l{?:t)‘l'b*m‘l'gl’t (18)

where a hat over a variable means a growth rate (i.e. first difference of the logarithm); 4, , is
the growth rate of nominal current per capita HE; I/I’/:t is the growth rate of nominal wages per
employee; l{o?t is the growth rate of labour productivity in the whole economy; y,; denotes
the growth rate of real per capita GDP; and ¢; , is a stochastic variable.

Use of panel data allow the estimation of models with country- and time-specific effects. The
Hausman test was applied to choose between fixed- and random-effects models. In our
estimates — and contrary to Hartwig (2008) — this test tends to reject the null hypothesis that
random effects are uncorrelated with explanatory variables (at 5%) so we prefer to use the
fixed-effects estimator.

Table 15 summarises the results using the "Baumol variable™ split into two separate variables,
namely wage growth per employee, and labour productivity growth. In line with our
discussion in Box 3 and following the general-to-specific approach adopted in Hartwig
(2008), we first estimate the effect of these two variables separately in order to test whether
the sum of their coefficients adds to one. Although in the cross-section fixed-effects model we
cannot reject the null hypothesis only at 1%, our interpretation of the set of Wald tests
suggests that the two variables can be pooled. Hereafter, we will present results only using the
pooled "Baumol" variable.

60 AT, BE, CZ, DE, DK, EE, EL, ES, FI, FR, HU, IE, IT, LU, NL, NO, PL, PT, SE, SI, SK, and the UK. The total number of observations
amounts to just over 600.

81 This basically assumes that relative outputs between "stagnant" and “progressive" sectors are constant, and that over time employment
moves entirely to the “stagnant™ sector (see Box 3). Colombier (2012) shows that the latter assumption is not essential to obtain highly
significant regression coefficients for an (adjusted) Baumol variable.
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Table 15 — The ""Baumol** variable split as regressors of the growth rate of nominal per capita HE (log differences)

Regressions OLS Cross-section  Time period
fixed-effects fixed-effects

Variables [ (9) " (10) T (1
Constant 0.02196*** 0.02539*** 0.02580***
dlog(wspe) 1.04534*** 0.99692%*** 0.98813%**
dlog(prod) -0.15941* -0.15900* -0.14768
Number of observations 607 607 607
R squared adjusted 0.68281 0.59532 0.54233
Root mean squared error 0.03967 0.03921 0.03845
Wald test (p-value) a) 0.1143 0.039* 0.0651

legend: * p<0.05; ** p<0.01; *** p<0.001

Sources: OECD Heath Database and AMECO Database.

Note: dlog(wspe)= log difference of wages and salaries per employee in the whole economy, and dlog(prod)= log difference of labour productivity (real GDP per

employee) in the whole economy.

a) Tests the null hypothesis that the sum of the two coefficients (wspe and prod) is one.

Table 16 summarises the results using as regressor the "Baumol” variable unsplit. Similarly to
Hartwig (2008), we find strong support in the data for the Baumol's "unbalanced growth
model”. As predicted (see Box 3), the value of the estimated coefficient is close to one,
remaining largely stable across specifications. Alone, the "Baumol variable explains between

45% to 60% of the total variation in the dependent variable.

Table 16 — The ""Baumol'* variable unsplit as a regressor of the growth rate of nominal per capita HE (log differences)

Regressions OoLS Cross-section  Time period
fixed-effects fixed-effects

Variable [ (12) (13) (14)
Constant 0.04080%*** 0.04522%%** 0.04445%**
Baumol var.= dlog(wspe)-dlog(prod)| 1.01981*** 0.93378%** 0.94880***
Number of observations 607 607 607
R squared adjusted 0.60423 0.51672 0.46497
Root mean squared error 0.04431 0.04285 0.04157
Wald test (p-value) a) 0.5546 0.0669 0.1952

legend: * p<0.05; ** p<0.01; *** p<0.001

Sources: OECD Heath Database and AMECO Database.

Note: dlog(wspe)= log difference of wages and salaries per employee in the whole economy, and dlog(prod)= log difference of labour productivity (real GDP per
employee) in the whole economy.
a) Tests the null hypothesis that the coefficient of the "Baumol” variable is one.

Table 17 includes per capita real GDP as an explanatory variable. Recall that in the literature,
GDP has emerged as the only uncontroversial explanatory variable of HE (Gerdtham and
Jonsson, 2000). Results show that real per capita GDP is an important determinant of current
per capita HE growth.®> Note that the coefficient of the "Baumol” variable remains
statistically close to one, according to Wald tests.

%2 Note that in Box 3, both the Baumol and the per capita GDP variables enter in equation (xi).
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Table 17 — The ""Baumol' variable unsplit and per capita real GDP as drivers of the nominal growth rate of current per capita HE (log differences)

Regressions OoLS Cross-section  Time period
fixed-effects fixed-effects

Variables [ (14) " (15) " (16)
Constant 0.02356*** 0.02770*** 0.02370***
Baumol var.=dlog(wspe)-dlog(prod)| 1.04048*** 0.98814*** 0.96907***
dlog(GDPrpc) 0.68223*** 0.62080*** 0.83058***
Number of observations 607 607 607
R squared adjusted 0.67878 0.59139 0.56109
Root mean squared error 0.03992 0.0394 0.03765
Wald test (p-value) a) 0.1812 0.7241 0.388

legend: * p<0.05; ** p<0.01; *** p<0.001

Sources: OECD Health Database and Ameco Database.

Note: dlog(wspe)= log difference of wages and salaries per employee in the whole economy, dlog(prod)= log difference of labour productivity (real GDP per
employee) in the whole economy, and dlog(GDPrpc) = log difference of real per capita GDP.

a) Tests the null hypothesis that the coefficient of the "Baumol" variable is one.
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Box 3: A simplified version of Baumol's "unbalanced growth model"

Following Baumol (1967) and Hartwig (2008), let us assume that labour productivity in the
"stagnant™ sector (i) stays constant, while it grows at the constant rate r in the "progressive"
sector (ii).?

Yi¢ = alq (1)
Yyr = bLye™ (i)

where Y;; and Y,; are output levels in the two sectors at time t, L,; and L,; are the quantities of
labour employed, and a and b are constants.

Wages are equal across the two sectors and grow in line with labour productivity in the
"progressive" sector:

W, =We™ (iii)
with W being some constant.
Relative costs per unit of output (the "stagnant™ over the "progressive™ sectors) is given by:

Wilit WelLlite rt
€ _Yie _ _alyy _ De (iv)
= Wil = Welae = 4
Yar bLyge’t

where C; and C, represent costs per unit of output.

Over time (t - o), relative costs (iv) tend to infinity. Consequently, under "normal”
circumstances (i.e. prices set as a mark-up over costs), and with an elastic demand, there is a
tendency for outputs of the "stagnant™ sector to decline and perhaps, ultimately, to vanish
(Baumol, 1967, p. 418).

However, parts of the "stagnant" sector produce necessities, such as education and health
services, for which the price elasticity is very low.

As an illustration, Baumol (1967) considers the case where despite the change in their relative
costs and prices, the magnitude of the relative outputs of the two sectors are kept constant (e.g.
through government subsidies):

Ot g

a th the”

with K being some constant.

Let L; = Ly + Lo, be total employment, then it follows:

L.K rt A
Liy = (L —Li)Ke™ o L= PiTee” (vi)

L .
Lyt =L —Lie = Ftert (vii)

According to (vi) and (vii), over time (t —» o), L,; tends to L;, and L,; to zero.

In the "unbalanced growth model", if the ratio of outputs of the two sectors is kept constant, an
ever larger share of labour must move to the "stagnant™ sector, while the amount of labour in the
"progressive" sector will gradually tend to zero.

a) For a more general derivation of the regression equation see Colombier (2012).
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Box 3: A simplified version of Baumol's "unbalanced growth model" (continuation)

A GDP index can be calculated as a weighted average of the value added of the two sectors:

GDPt = Blylt + BZYtZ = Blath + szLZtert (V“l)
Replacing (vi) and (vii) into (viii), we obtain the growth rate of GDP as:
dGDP¢
CDP, = —4_ =y — y K" + L, (ix)
t = Gpp, 1+Kert ' 7t

where a hat over a variable means a growth rate.

(ix) can be re—rewritten as labour productivity:

T ~ KeTt .
GDPt—Lt—T—Tm (IXa)
In the "unbalanced growth model”, the growth rate of labour productivity declines

asymptotically to zero over time (t — o).

After presenting a simplified version of Baumol's "unbalanced growth model”, we will now
derive an expression for the nominal growth rate of current total per capita HE, which can be
tested in a regression.

Using a supply-side approach, (i) and (iii) can be used to express nominal current total HE as:

HEy = yW;Lq, )
with y being the mark-up of prices over costs. Equation (x) can be re-arranged as:
GDP; A
=HE o, We /Ol _  We Lu
Hy = p ! GDPt/Py Pe Lp Yt T, (xa)

with H; being nominal current total per capita HE; P, population; GDP, nominal GDP; P, the

GDP;
Py

P¢

GDP;
GDP deflator; Ip, = # labour productivity; and y, = real per capita GDP.
t

Differentiating the logarithm of (xa):

dlog(Hy) = dlog(Wy) — dlog(lp,) + dlog(y:) + dlog(Lye) — dlog(Ly) (xb)
Or expressed in growth rates:

Hy =W = Ipe + 9 + Lis — Ly (xc)
According to (vi), over time (t - o), L, tends to L., thereby L, ~ L,.

Consequently, equation (xc) can be approximated as:

Hy ~ W, —Ip. + 7, (xi)
Equation (xi) suggests that the growth rate of nominal current total per capita HE can be
approximately broken down into the sum of the Baumol variable (W, — Ip,), where W, and Ip,

represent the nominal growth rate in wages per employee and productivity growth in the whole
economy, respectively, and the growth rate of real per capita income (7;).
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Box 3: A simplified version of Baumol's "unbalanced growth model" (continuation)

However, an important point should be made here. Note that per capita GDP (y;) and labour
productivity (Ip;) are linked by the identity:

Ve = lpe (1 —ury) * ary (xii)

where labour market variables, respectively, the unemployment (ur) and the activity (ar) rates
are present.

Taking the first difference of the logarithm, equation (xii) can be expressed in growth rates as:

~

Vi — Ip, = ar, — Aur, (xiii)

Identity (xiii) implies that regression (xi) can be estimated only if the term ar; — Aur; changes
over time.

As in Hartwig (2008), in order to check that the "Baumol™ variable is not only picking up
monetary changes,® we deflate all variables using the GDP price deflator and allow the latter
to enter the regression as a separate regressor (Table 18).

Table 18 — The ""Baumol** variable unsplit, per capita real GDP and the GDP deflator as drivers of the real growth rate of current per capita HE (log
differences)

Regressions OLS Cross-section  Time period
fixed-effects fixed-effects

Variables [ (17) " (18) " (19)
Constant 0.02265%** 0.02661%** 0.02142%**
Real Baumol var.=dlog(rwspe)-dlog(prod) 0.87017*** 0.84996*** 0.66649%**
dlog(GDPrpc) 0.63337%** 0.58104*** 0.77220%**
dlog(GDPp) 0.08275* 0.02951 0.04384
Number of observations 607 607 607
R squared adjusted 0.28619 0.23379 0.16466
Root mean squared error 0.03968 0.03925 0.03687
Wald test (p-value) a) 0.042 0.0198 0

legend: * p<0.05; ** p<0.01; *** p<0.001

Sources: OECD Health Database and Ameco Database.

Note: dlog(rwspe)= log difference of wages and salaries per employee in the whole economy, deflated using the GDP deflator; dlog(prod)= log difference of
labour productivity (real GDP per employee) in the whole economy; dlog(GDPrpc) = log difference of real per capita GDP; and dlog(GDPp) log difference of
the GDP price deflator.

a) Tests the null hypothesis that the coefficient of the "Baumol" variable is one.

When all nominal variables are deflated, the coefficient of the real "Baumol” variable is
lowered and Wald tests reject the null hypothesis that the coefficient is equal to one at 5%.
However, the coefficient of per capita real GDP is between 0.6 to 0.8, which is comparable to
the income elasticity estimates reported in Table 12.

Overall, we conclude that developments in current total HE in European countries since 1960s
are in line with Baumol's theory of "unbalanced growth™. Wage increases in excess of
productivity growth are a statistical significant explanatory variable for per capita HE growth
(together with per capita income). As predicted by the theory, the "Baumol™ coefficient is
close to one. This finding is robust to the addition of real GDP as an explanatory variable.

Summarising, the three major results derived from the econometric analysis are: i) in a
historical perspective, breakdowns of public HE growth using stylised values (derived from

63 f o war P ;
Recall that in Baumol's "unbalanced growth model" variables are expressed in nominal terms.
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the empirical literature) for the income and price elasticities show that demographic factors
played a minor role in explaining total growth; ii) the strong rise in relative prices of health
services in the past half century is linked to lower or stagnant productivity growth in that
sector; and iii) combined with a relatively inelastic demand, a rise in relative prices of health
services generates a trend increase in the HE-to-GDP ratio.

6. Conclusions

This paper gives empirical support to the thesis that the major explanatory factors of the
growth of public HE in recent decades are non-demographic drivers, such as income, the rise
in the relative prices of health services, and technological progress in the medical sector. In
particular, supply-side constraints seem to have a pivotal role in driving up costs and prices in
low productivity labour intensive sectors of the economy, such as health services. We find
strong evidence that increases in relative prices of health services lead to rises in expenditure
shares because demand is inelastic.

Using panel data for 27 EU Member States and Norway in the period from 1985 to 2010, the
estimated weighted average of excess cost growth is calculated between 1 and 1%2% which is
in line with results reported in the literature (Clements et al., 2012). Income elasticity
estimates mostly below 1 are also in line with recent empirical results (Acemoglu et al.,
2009), although these estimates may still be affected by omitted-variable bias, inter alia,
because HE regressions do not include a technology/quality variable and policy variables.

Given the evidence on the "cost-price” disease affecting low productivity sectors of the
economy, such as the health care sector, inclusion of a health price index even if as a "proxy"
variable built from macroeconomic variables, seems to be an important step potentially
improving the quality of HE estimations.

The specification used to estimate HE fits well with the EPC-EC methodology to project long
term age related costs (DG ECFIN-EPC(AWG), 2012), because the macroeconomic variables
needed to project future HE are available in the long term age related projections, namely real
GDP, GDP prices, wages, labour productivity, and demographic variables. However, it should
be recognised that projections depend crucially on the assumption made on the future
evolution of a time drift.

Ultimately, we decided to make HE-to-GDP projections using regressions in growth rates for
mainly two reasons: i) panel co-integration tests were inconclusive; and ii) assuming
co-integration has the unpalatable implication that the HE-to-GDP ratio does not appear to
converge to a steady-state. Furthermore, Gerdtham and Jonsson (2000) recommend that
variables be specified as growth rates when conducting regression analysis because of the
possible presence of unit roots in the data.

We present a few projection scenarios for the HE-to-GDP ratio up to 2060. Results suggest a
minimum increase of 3 p.p. of GDP between 2010 and 2060 for the EU27. Overall, projected
expenditure rises are in line with OECD's (Maisonneuve and Martins, 2013), but are
considerably above those obtained using the EPC-EC methodology.

As a whole, projections of HE represent an acute reminder of the need to proceed with the
efforts to curb expenditure growth and improve the efficiency of health systems. In fact, in the
absence of additional control measures (i.e. in the "cost-pressure” scenario), projection
outcomes suggest on average a near doubling of the HE-to-GDP ratio across the EU between
2010 and 2060.

In future work, we plan to follow Bates and Santerre's (2013) approach, which is based on
Colombier's (2012) extension of Hartwig's (2008) model, to estimate panel regressions of HE
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expenditure, using a variety of aggregate socioeconomic indicators as explanatory variables,
including an adjusted "Baumol™ variable. This line of research could provide a useful
alternative methodology for projecting future HE.

44



7.References

Acemoglu, D. and Finkelstein A. (2008), "Input and technology choices in regulated
industries: evidence from the health care sector"”, Journal of Political Economy, 116(5): 837-
880.

Acemoglu, D., A. Finkelstein and M. Notowidigdo (2009), "Income and Health Spending:
Evidence from QOil Price Shocks", Harvard University, mimeo.

Azizi, K. and C. Pereira (2005), "Comparaison internationale des dépenses de santé : une
analyse des évolutions dans sept pays, 1970-2002", DREES, Dossier Solidarité et Santé, Vol.
1.

Banerjee A., Dolado J., and Mestre R. (1998), "Error-correction mechanism tests for
cointegration in a single-equation framework", Journal of Time Series Analysis 19 267-283.

Barro R. (1996a), "Health and economic growth", Harvard University, manuscript.

Barro R. (1996b), "Determinants of economic growth: a cross-country empirical study”,
NBER Working Paper No. 5698.

Barros P. (1998), "The black box of health care expenditure growth determinants”, Health
Economics, 7 553-554.

Bates L. and Santerre R. (2013), "Does the US health care sector suffer from Baumol's cost
disease? Evidence from 50 states", Journal of Health Economics 32 386-391.

Blomqvist A. and Carter R. (1997), "Is health care really a luxury?", Journal of Health
Economics 16(2) 207-229.

Baumol W. (1967), "Macroeconomics of unbalanced growth: the anatomy of urban crisis",
American Economic Review, 57(3) 415-426.

Baumol W., Blackman S., and Wolff E. (1985), "Unbalanced growth revisited: asymptotic
stagnancy and new evidence", American Economic Review, 75(4) 806-817.

Baumol W. (1993), "Health care, education and the cost disease: a looming crisis for public
choice™, Public Choice 77(1) 17-28.

Baumol W. (2012), "The cost disease — why computers get cheaper and health care doesn't”,
Yale University Press.

Chandra A. and Skinner J. (2011), "Technology growth and expenditure growth in health
care”, NBER Working Paper No. 16953.

Clemente J., Marcuello C., Montaries A., and Pueyo F. (2004), "On the international stability
of health care expenditure functions: are government and private functions similar?", Journal
of Health Economics 23 569-613.

Clements B., Coady D., and Gupta S. (2012), "The Economics of Public Health Care Reform
in Advanced and Emerging Economies”, IMF.

Colombier C. (2012), "Drivers of health care expenditure: Does Baumol's cost disease lom
large?", FiFo Discussion Papers, No. 12-5.

Cutler D. (1995), 'Technology, Health Costs and the NIH', Cambridge MA: Harvard
University and NBER, September.

Cutler D., McClellan M., Newhouse J. and Remler D. (1998), "Are medical prices declining?
Evidence from heart attack treatments", Quarterly Journal of Economics, 53(4) 991-1024.

45



Docteur E. and Oxley H. (2003), "Healthcare systems: lessons from the reform experience",
OECD Health Working Papers No. 9.

Dybczak K. and B. Przywara (2010), "The role of technology in health care expenditure in the
EU", European Economy, Economic Papers No. 400.

Elk R., Mot E. and Franses P. (2009), "Modelling health care expenditures — overview of the
literature and evidence from a panel time series model™, CPB Discussion Paper.

Engle R. and Granger C. (1987), "Cointegration and error correction: representation,
estimation and testing", Econometrica 55 251-276.

European Commission (2009), "2009 Ageing Report: economic and budgetary projections for
the EU-27 Member States (2008-2060)", European Economy No. 2.

European Commission (DG ECFIN)-EPC (AWG) (2012), "The 2012 Ageing Report —
Economic and budgetary projections for the 27 EU Member States (2010-2060)", European
Economy, No 2/2012.

Fox J. (1991), "Regression Diagnostics: an introduction”, Newbury Park, CA: Sage.

Freeman D. (2003), "Is health care a necessity or a luxury? Pooled estimates of income
elasticity from US state-level data”, Applied Economics vol. 35, 498-502.

Freeman D. (2012), "Is health care a necessity or a luxury? New evidence from a panel of US
state-level data”, SHSU Economics & Intl. Business WP No. 12-03.

Fries, J.F. (1989), "The compression of morbidity: near or far?", Milbank Memorial Fund
Quarterly, Vol. 67, No. 2, pp. 208-232.

Galbraith J. (1998), "The affluent society", Houghton Mifflin Company.

Gerdtham U. and Jonsson B. (2000), "International comparisons of health expenditure:
theory, data and econometric analysis", Handbook of Health Economics Vol. 1a, chapter 1.

Gerdtham U. and Lothgren M. (2000), "On stationarity and cointegration of international
expenditure and GDP", Journal of Health Economics 19(4) 461-475.

Global Forum for Health Research (2008), "Monitoring Financial Flows for Health Research
2008: Prioritizing research for health equity".

Getzen T. (2000), "Health care is an individual necessity and a national luxury: applying
multilevel decision models to the analysis of health care expenditure”, Journal of Health
Economics, vol. 19, pp. 259-270.

Grossman, M. (2000) 'The human capital model." Handbook of Health Economics. A. J.
Culyer and J. P. Newhouse. Amsterdam, North-Holland, Volume 1A.

Hansen P. and King A. (1996), "The determinants of health care expenditure: a cointegration
approach”, Journal of Health Economics 15(1) 127-137.

Hartwig J. (2008), "What drives health care expenditure? — Baumol's model of 'unbalanced
growth' revisited”, Journal of Health Economics 27 (2008) 603-623.

Hartwig J. (2011a), "Can Baumol's model of unbalanced growth contribute to explaining the
secular rise in health care expenditure? An alternative test”, Applied Economics, 43 173-184.

Hartwig J. (2011b), "Testing the Baumol-Nordhaus model with EU KLEMS data", Income
and Wealth, 57(3) 471-489.

Herwartz H. and Theilen B. (2002), "The determinants of health care expenditure: testing
pooling restrictions in small samples”, Journal of Health Economics 12 113-124.

46



Im K., Pesaran M., and Shin Y. (2003), "Testing for unit roots in heterogeneous panels”,
Journal of Econometrics 115 53-74.

Joumard 1., Andre C., and Nicq C. (2008), "Health status determinants: lifestyle, environment,
health care resources and efficiency”, OECD Economics Department Working Papers No.
627.

Joumard I., Andre C., and Nicq C. (2010), "Health care systems: efficiency and institutions™,
OECD Economics Department Working Papers No. 769.

Karlsson, M., & F. Klohn (2011), “Some notes on how to catch a red herring. Ageing, time-
to-death & care costs for older people in Sweden”, Darmstadt discussion papers in economics,
Darmstadt Technical University, Department of Business Administration, Economics and
Law, Institute of Economics (VWL).

MacDonald G. and Hopkins S. (2002), "Unit root properties of OECD health care expenditure
and GDP data", Journal of Health Economics 11(4) 371-376.

Maddala S. (2001), "Introduction to Econometrics”, Johm Wiley & Sons, LTD.

Maisonneuve C. and Martins J. (2006), "The drivers of public expenditure on health and
long-term care: an integrated approach”, OECD Economic Studies No. 43.

Maisonneuve C. and Martins J. (2013), "A projection method of public health and long-term
care expenditures”, OECD Economic Department Working Papers No. 1048.

Manton, K.G. (1982), 'Changing concepts of morbidity and mortality in the elderly
population’, Milbank Memorial Fund Quarterly, Vol. 60, pp. 183-244.

McCoskey S. and Kao C. (1998), "A residual-based test of the null of cointegration in panel
data", Econometric Reviews, 17 57-84.

Morgan D. and Astolfi R. (2013), "Health spending growth at zero", OECD Health working
papers, No. 60.

Nardo M., Saisana M., Saltelli A., Tarantola S., Hoffman A., and Giovannini E. (2005),
"Handbook on constructing composite indicators — methodology and user guide”, OECD
Statistics Working Papers 2005/3

Newhouse J. (1992), "Medical care costs: how much welfare loss?", Journal of Economic
Perspectives 6(3) 3-21.

Nordhaus W. (2008), "Baumol's diseases: a macroeconomic perspective”, Journal of
Macroeconomics 8: article 9.

OECD (2006), "Projecting OECD health and long-term care expenditure: What are the main
drivers?", Economic Department Working Papers No. 447.

Okuande A. and Murthy (2002), "Technology as a 'major driver' of health care costs: a
cointegration analysis of the Newhouse conjecture”, Journal of Health Economics 21(1) 147-
159.

Olshansky, S.J., M.A. Rudberg, B.A. Carnes, C.K. Cassel, J.A. Brody (1991), Trading off
longer life for worsening health’, Journal of Ageing and Health, Vol. 3, No. 2, pp. 194-216.

Phillips, P. C. B., and P. Perron. 1988. Testing for a unit root in time series regression.
Biometrika 75: 335-346.

Rechel B., Doyle Y., Grundy E. and McKee M. (2009), "How can health systems respond to
population ageing?”, European Observatory on Health Systems and Policies, Policy Brief 10.

47



Smith S., Newhouse J., and Freeland M. (2009), 'Income, Insurance, and Technology: Why
Does Health Spending Outpace Economic Growth?', Health Affairs, Vol. 28, No. 5, pp. 1276—
1284,

Triplett J. and Bosworth B. (2003), "Productivity measurement: Issues in services industries:
'‘Baumol’s cost disease’ has been cured”, FRBNY Economic Policy Review, 9(3) 23-33.

Westerlund J. (2005), "A panel CUSUM test of the null of cointegration™, Oxford Bulletin of
Economics and Statistics 62 231-262.

Westerlund J. (2007), "Testing for error correction in panel data”, Oxford Bulletin of
Economics and Statistics 69 6 709-748.

Yule G. (1926), "Why do we sometimes get nonsense-correlations between time series? A
study in sampling and the nature of time series", Journal of the Royal Statistical Society 89 1-
64.

Zweifel P., Felder S., and Meiers M. (1999), "Ageing of population and health care
expenditure: a red herring?", Health Economics 8(6) 485-496.

48



HOW TO OBTAIN EU PUBLICATIONS

Free publications:

one copy:
via EU Bookshop (http://bookshop.europa.eu);

more than one copy or posters/maps:

from the European Union’s representations (http://ec.europa.eu/represent_en.htm);
from the delegations in non-EU countries (http://eeas.europa.eu/delegations/index_en.htm);
by contacting the Europe Direct service (http://europa.eu/europedirect/index_en.htm) or
calling 00 800 6 7 8 9 10 11 (freephone number from anywhere in the EU) (*).

(*)  The information given is free, as are most calls (though some operators, phone boxes or hotels may
charge you).

Priced publications:
via EU Bookshop (http://bookshop.europa.eu).

Priced subscriptions:
via one of the sales agents of the Publications Office of the European Union
(http://publications.europa.eu/others/agents/index en.htm).



http://bookshop.europa.eu/
http://europa.eu.int/citizensrights/signpost/about/index_en.htm#note1#note1
http://publications.europa.eu/others/agents/index_en.htm

P
N
=
4
&
w
(=]
!
m
z
=z

Publications Office



